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A NATIONAL SYSTEM FOR TRACKING 
POPULATION HEALTH 

• Multiple government databases contain 
massive amounts of information on the 
environmental, social, and economic factors 
that determine health

• Research on population health could be 
rapidly advanced by:
– integrating these existing databases
– bringing to bear new statistical models that 

would describe major threats and their causes

• These integrated databases and new 
analysis tools would create a national
system for population health research



Air pollution and health:  
Fundamental questions

• Is there a risk at current levels?

• How can we estimate it?

• How big is the risk?

• What causes it?



Health Effects Fine Particles: 
Objectives

1. assemble a national database of time series 
data for the period 1999-2005 on hospital 
admissions rates for cardiovascular and 
respiratory diseases, fine particulates, and 
weather for 204 US counties

2. develop state-of-the-art statistical methods
3. estimate maps of relative risks of hospital 

admissions associated with short-term 
changes in fine particles

4. illustrate how integration and analysis of 
national databases can lead to a national 
health monitoring system



Integrating National Data Sources

• NCHF: 48 million identification numbers
• MCBS: subset of 15,000 Medicare 

participants with additional information 
on risk factors

• AIRS: air pollution monitoring network
• NOAA: weather monitoring network
• US Census: location characteristics
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National Medicare Cohort 
(1999—2005)

• National study of fine particles (PM2.5) 
and hospital admissions in Medicare

• Data include: 
– Billing claims (NCHF) for everyone over 

65 enrolled in Medicare (~48 million 
people), 
• date of service
• treatment, disease (ICD 9), costs
• age, gender, and race
• place of residence (ZIP code/county)

– Approximately 204 counties linked to the 
air pollution monitoring



MCAPS study population: 204 counties with populations larger 

than 200,000 (11.5 million people)



Daily time series of hospitalization rates and PM2.5
levels in Los Angeles county (1999-2005)



• Compare day-to-day variations in 
hospital admission rates with day-to-
day variations in pollution levels 
within the same community

• Avoid problem of unmeasured 
differences among populations

• Key confounders
Seasonal effects of infectious 
diseases and weather

Multi-site time series studies



Statistical Methods

• Within city. Semi-parametric regressions for 
estimating associations between day-to-day 
variations in air pollution and mortality 
controlling for confounding factors

• Across cities. Hierarchical Models for 
estimating:
– national-average relative rate
– Regional-average relative rate
– exploring heterogeneity of air pollution effects 

across the country



Challenges

• For any given city, we try to estimate a 
small pollution effect relative to 
confounding effects of trend, season and 
weather

• Strong role of other time-dependent factors
• High correlation between non linear 

predictors 
• Sensitivity of findings to model 

specifications
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New Scientific Questions

What are the mechanisms of 
PM toxicity?
Size? 
Chemical components?
Sources?
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Air pollution and health:  
Questions and (some) answers
• Is there a risk?

Multi-site time series studies such as NMMAPS 
(1987—2000) provide strong evidence of short-
term association between air pollution and 
mortality
Preliminary results from Medicare data (1999—
2002) indicate that current air pollution levels still 
affect health

• How can we estimate it?
National datasets are powerful resources for 
assessing the health effects of air pollution
Statistical models that can integrate information 
across space and time
National average estimates for the effect of PM 
are robust to various model formulations and 
statistical methods



Reproducible research

• We want to reproduce previous findings
– “Did you do what you said you did?”

• Test assumptions, robustness of findings; 
check methodology
– “Is what you did any good?”

• Implement and test new methodology
– “I can do it better!”







Discussion

• Linking national databases and developing 
statistical methods that can properly 
analyze these them, are essential steps for a 
successful national public health tracking 
system

• Because of the small risks to be detected 
and the large number of potential 
confounders, single-site studies are 
generally swamped by statistical error

• A national system, that routinely analyze 
data from multiple locations in a systematic 
fashion, is a very promising approach for 
tracking population health



Explosion of Information
e.g.

large databases
on population health and exposure

to potentially toxic agents

More knowledge and
Better health risk assessment

Expertise in:
•Integration of complex 
databases
•Statistical Methods
•Reproducibility

More confusion
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