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President Nixon is signing the Clean Air 
Act in 1970







Scientific Questions

1.  Is exposure to PM2.5 below the NAAQS (35 mug/m3 for 
short term and 12 mug/m3 for long term) associated with an 
increase mortality risks?

2. Are some populations at higher risk than others?



RESEARCH DATA PLATFORM



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

continental United States from 2000 to 2012 (updating 
the data to 2015)

• 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 SES)

• Zip code of residence and other covariates
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Medicare Data (open cohort of 60 million enrollees at 
year from 1999 to 2015)
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Neural Network for Exposure 
Prediction

• A neural network to incorporate satellite-based 
measurements, simulation outputs from a 
chemical transport model (CTM), land-use terms 
and other ancillary data to model monitored 
PM2.5 and ozone

• Model training at monitors: 
Ø PM2.5 ~ β1Mete + β2Satellite + β3land + β4CTM + 

β5others
• Modeling prediction without monitors:
Ø !"#2.5 ~ β1Mete + β2Satellite + β3land + β4CTM + 

β5others
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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.





Methodological issues

• Evidence of causality 
• Exposure measurement error
• Unmeasured confounding bias
• Discovery of heterogeneous subgroups
• Reproducibility





Exposure Error and Spatial 
Misalignment



• We split the sample into two parts
• In the discovery step, our method considers machine learning techniques, especially 

tree algorithms (CART and CT), to uncover heterogeneous structures of treatment 
effects

• In the confirmation step, our method incorporates the discovered tree structures into 
a testing framework, and conducts hypothesis tests to confirm effect modification by 
combining with the CI method. 

• Split + match + discover + test



Preliminary results: Medicare beneficiaries (N=1,612,414 individuals) who reside in the New 
England region from 2000 to 2006. Two year averages of fine particulate matter (PM2.5) 
from January 1, 2000 to December 31, 2001 is considered as exposures, and all-cause 
mortality is the outcome. 





The importance of open science and 
reproducible research

Replication vs reproducibility
• A study is replicated when 

new data is collected and 
analyzed, independently, by 
a new set of investigators 

• A study is reproduced when 
the same data is re-
analyzed, independently by 
a new set of investigators 

Challenges
• Scalability of computing 

and storage solutions.  TB of 
data with private health 
information

• Privacy. Secret Science Bill, 
HONEST Act



Open science and reproducible research



Open science framework

• Steps 1 & 2: We rely on publicly-available data to 

generate TB of high-spatial resolution exposure 

predictions

• Step 3: By linking hundreds of GB of Medicare 

data to exposure predictions, we get TB of data 

that now contains protected health information

• Step 4: To perform estimation, we used 24TB of 

memory and 1.3 years of runtime on a secure 

cluster

• Step 5: Documented software codes are hosted in 

an open science digital platform





Senator Cory Booker talking about the NEJM 
study at Hearing on the Nominations of Kathleen 
Hartnett White to be a Member of the Council on 
Environmental Quality. 
[https://player.vimeo.com/video/261362493]

http://www.nejm.org/doi/full/10.1056/NEJMoa1702747
https://player.vimeo.com/video/261362493






Questions?



References
• Makar M et al (2017) Estimating the Causal Effect of Lowering 

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

• Di Q et al (2017) Air Pollution and Mortality in the Medicare 
Population. New England Journal of Medicine

• Dominici F, Zigler CM. (2017). Best practices for gauging evidence 
of causality in air pollution epidemiology. American Journal of 
Epidemiology

• Di Q et al  (2017) A Nationwide Case-crossover Study on Air 
Pollution and Mortality in the United States, 2000-2012, Journal of 
American Medical Association,

• Wu et al Causal inference in the context of error prone exposure: 
Air pollution and Mortality (submitted)

• Lee et al Randomization Inference for Discovery Effect Modification 
in Air Pollution studies (submitted)


