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Particles are Associated with Health Outcomes

Old Questions
Total Mass
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Okay, but Which Part?

New Questions
Components
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Assembling National Databases

Health Data
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Assembling National Databases

Ambient Pollution Data
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Assembling National Databases

Other Data
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Assembling National Databases

Total # of Counties 119
Time Period 1999–2006
Study Population 12 million Medicare enrollees

(≥ 65 years of age)
Outcomes 4.3 million CVD admissions

1.7 million respiratory admissions
Pollutants Criteria pollutants

52 Components of PM2.5
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Health Outcome Model

Basic model for a single county:

log E[Yt ] = β wt + s(t, λ) + z′
t γ

Yt : count of the number of hospital admissions for a primary
diagnosis of a group of ICD-9 codes.

wt : ambient concentration from monitoring (e.g. PM2.5,
coarse PM, chemical components)

s(t, λ): smooth function of time with λ degrees of freedom

zt : vector of other variables, i.e. temperature, day of week,
humidity
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Standard Analysis of Multi-site Time Series Data

Basic model for a single county:

log E[Y c
t ] = βc w c

t + sc(t, λ) + zc′
t γc

We use a Normal approximation, so given β̂c and V̂ c from each
county,

β̂c | βc ∼ N (βc , V̂ c)

βc | µ,Σ ∼ N (µ, Σ)

We place diffuse priors on µ and Σ and sample from their posterior
distributions.
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March 2006, Journal of the American Medical Association
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May 2008, Journal of the American Medical Association
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Preliminary Work: Adjusting for Spatial Heterogeneity
Coarse PM

PM2.5 Components
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Health Outcome Model

Basic model for a single county:

log E[Yt ] = β wt + s(t, λ) + z′
t γ

Yt : count of the number of hospital admissions for a primary
diagnosis of a group of ICD-9 codes.

wt : ambient concentration from monitoring (e.g. chemical
components, coarse PM)

s(t, λ): smooth function of time with λ degrees of freedom

zt : vector of other variables, i.e. temperature, day of week,
humidity
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Error Model

Health outcome model:

log E[Yt ] = β wt + s(t, λ) + z′
t γ

We measure wt , the monitor value (typically 1 monitor per county).

We want x̄t , the county-wide average of the pollutant (i.e. if we
had infinite monitors)

The error model is then

wt = x̄t + ut

where E[ut ] = 0 and Var(ut) = σ2
u.

We can calculate β̂ using wt but we want an estimate of β that we
would have gotten if we had used x̄t
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Underlying Spatial Model

We assume that the pollutant follows an underlying spatial model
from which we draw observations at the monitor location.

z(s, t) = µ(s, t) + ε(s, t)

so that

wt = z(sm, t) [evaluated at monitor location m]

x̄t =
1

|A|

∫
z(s, t) ds

where A is the county boundary. We assume a Gaussian process
for ε, i.e.

ε(·, t) ∼ GP(0, τ2ρ(·, ·; θ))

with correlation function ρ.
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Underlying Spatial Model

Using the spatial model and assuming a Gaussian process, we can
calculate

σ2
u = τ2

(
1− 2

|A|

∫
ρ(sm, s; θ) ds +

1

|A|2

∫∫
ρ(s, s ′; θ) ds ′ds

)
which is the error variance due to spatial inhomogeneity. All we
need is an estimate of ρ.
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Correlograms for PM2.5 Components
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Regression Calibration

Given our spatial model the monitor value wt and the county
average x̄t have a joint Normal distribution.

If we have and estimate for ρ, we can approximate the distribution
of x̄t | wt , zt and obtain the calibration function E[x̄t | wt , zt ].

Replacing wt with E[x̄t | wt , zt ] would give us the regression
calibrated estimate of β.
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Regression Calibration and Coarse PM
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Simulation Extrapolation (SIMEX)

Given an estimate for σ2
u, we can simulate pseudovalues

w?
t = wt +

√
αut

where ut ∼ N (0, σ2
u). Using the pseudovalues in place of the

observed values we can fit our health outcome model and
calculate β̂α.

Note that
Var(w?

t | x̄t) = (1 + α)σ2
u

We would like to simulate data for α = −1, but we can’t so we try
values α = 1, 2, 3, . . . and then extrapolate the β̂αs backwards.
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SIMEX Results for CVD and Components

αα

%
 in

cr
ea

se
 in

 a
dm

is
si

on
s 

pe
r 

1 
IQ

R
 in

cr
ea

se

−1.0

−0.5

0.0

0.5

1.0

1.5

● ● ● ● ●

SULFATE

−1 0 1 2 3

● ● ● ● ●

NITRATE

−1.0

−0.5

0.0

0.5

1.0

1.5

● ● ● ● ●

silicon

−1.0

−0.5

0.0

0.5

1.0

1.5

−1 0 1 2 3

●

●

●
● ●

Elemental_Carbon

●

● ● ● ●

OC_K14

−1 0 1 2 3

−1.0

−0.5

0.0

0.5

1.0

1.5

● ● ● ● ●

Sodium_Ion

Roger D. Peng Health Effects of PM Components



SIMEX Results for RESP and Components
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Summary

Examination of components of particulate matter is an
important task but introduces new problems

Spatial modeling of component data can be used to estimate
measurement error due to spatial heterogeneity across counties

Regression calibration and SIMEX both produce estimates
that are higher than original risk estimates (30%–100%
higher), suggesting that there is some bias

Current approach is piecewise ad hoc—more work can be
done to address uncertainty; perhaps a Bayesian approach to
integrate spatial model with the health outcome model
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Future Work

Our pollution data are spatially sparse, but our health data
are dense

Population weighted exposures in counties with > 1 monitor

No reason to use political boundaries; can use ZIP codes
directly surrounding a monitor
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