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Motivation

Area and time-specific disease rates

@ Area and time-specific disease rates are of great interest for
health care and policy purposes

o Facilitate effective allocation of resources and targeted
interventions

@ Sample size often too small at granular space-time scale for
reliable estimates

@ Bayesian approach to ‘borrow strength’ over space and time
to improve reliability



Motivation
Ohio Lung Cancer Example

Lung Cancer Mortality Rates 1972
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Background

Previous approaches

Previous works have used a Hierarchical Bayesian framework to
expand purely spatial models by [Besag et al., 1991] to a space x
time framework.

o [Waller et al., 1997] - Spatial model for each time point
o No spatial main effects

e [Bernardinelli et al., 1995] - Area-specific intercept and
temporal trends

o All temporal trends assumed linear



Background

Ohio Lung cancer mortality by county 1968-1988
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Background
[Knorr-Held and Besag, 1998]

The Main Effect Model:

@ nj; - persons at risk in county i (i =1,...,n) at time t
(t=1,..,T)
@ yj: - cases or deaths in county / at time ¢

@ Vit ~ Bin(”it, 7Tit)

® 7t = log (ilf’;,t)



Background
[Knorr-Held and Besag, 1998]

The Main Effect Model:

Nie =+ ae + e+ 0i + &

w - overall risk level

a; - temporally structured effect of time t
~: - independent effect of time t

0; - spatially structured effect of county i

e 6 6 o o

¢; - independent effect of county i



Background
[Knorr-Held and Besag, 1998]

Prior Specifications:

nit = p+ e+t +0; + ¢
@ 1 - flat non-informative
o p(alla) o< exp (*)\70 ZtT:Q(OZt - at—1)2)
Ay T 2
° p(7lAy) ocexp (—7 21 %)
o p(0IAg) o< exp (— 4 50,6, — 0;)%)

o p(¢|Ag) ox exp (—/\74) 1 ¢/2)

With precision matrix AK where the structure of K depends on the
assumptions about the prior interrelationship between parameters.



Background
[Knorr-Held and Besag, 1998]

Nit = p+ ar +ve + 0 + ;i
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Figure 1. Symbolic representation of the main effect model. Circles represent prior independence,
ovals represent prior dependence. Observations in time x space are indicated by small dots.



Background
[Knorr-Held and Besag, 1998]

Limitations
@ Combines temporal and spatial main effects additively

@ Does not allow for space x time interactions
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[Knorr-Held, 2000]

The Model

Address the situation where the disease variation cannot be
separated into temporal and spatial main effects and
spatio-temporal interactions become and important feature.

Nie = p+ e + e+ 0i + di + 0je

1 - overall risk level

«y - temporally structured effect of time t
~¢ - independent effect of time t

0; - spatially structured effect of county i

¢; - independent effect of county i

djr - space X time interaction
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[Knorr-Held, 2000]

Four Space x Time Interactions
Space
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Type | Independent - Independent multivariate gaussian prior

p(d|As) x exp (——Z, 1 t 1 :t) with K5 = K, ® K,
(rank nT)
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[Knorr-Held, 2000]

Four Space x Time Interactions

Space

OO0 O0Os

O000O0

Type Il Temporal trends differ by area - Random walk prior

p(31As) o exp (=% 21y S0 o(0 — 87,0-1)%) with
Ks = Ko ® Ky (rank n(T — 1))
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[Knorr-Held, 2000]

Four Space x Time Interactions
Space
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Type Il Spatial trends differ over time - Intrinsic autoregression prior

p(31As) o< exp (% 325y S04 (8 — 05)? ) with
Ks = Ky ® Ky (rank (n —1)T)
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[Knorr-Held, 2000]

Four Space x Time Interactions
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Type IV Spatio-temporal interaction - conditional depends on first and
second order neighbors

p(3IAs) ox exp (=% 301y ST o(0i = Gt = Simr + 070-1)°)
with K5 = K, ® Ky (rank (n — 1)(T 1))
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[Knorr-Held, 2000]

Evaluation

Used Markov chain Monte Carlo (using univariate Metropolis
steps) to sample from the posterior distribution of :

® Nt = p+ a¢ + vt + 0; + ¢; (one model)

@ Nt =+ ar + vt + 0; + ¢; + 0ir (one model with four
variations)

to the Ohio Lung Cancer data and compared posterior deviance.
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Questions?
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