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Disease mapping in Germany

We observed larynx cancer mortality counts for males in 544
district of Germany from 1986 to 1990 as well as level of smoking
consumption (100 possible values).
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The data

Herei=1,...

\

Yi:
E,‘Z
Ci:

S;.

The cancer mortality count at location /.
An offset; expected number of cases in district /.

A covariate (level of smoking consumption) at location
i

spatial location i (here, district).
,544.
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The model

Yi | mi ~ Poisson(E; exp(n;))
ni=u+f(c)+fs(si)) + uj
fu(si)
— f(c;) is as smooth effect of the covariate ¢
f= {f‘l PR f100} ~ RWQ(TC)

\
\
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The model

Yi | mi ~ Poisson(E; exp(n;))
ni=pu+ f(C,') + fs(S,') + U
—

fu(si)
— f(c;) is as smooth effect of the covariate ¢

f= {f‘l Yoy f100} ~ RWQ(TC)
— fs(si) is a spatial effect modelled as an intrinsic GMRF

1 Ts
fs(s) | fs(8'), s # 8,75 ~ N <ns PRACH! ns>

s~s’

\
\
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The model

Yi | mi ~ Poisson(E; exp(n;))
ni=pu+ f(C,') + fs(S,') +\U,i/

fu(si)
— f(c;) is as smooth effect of the covariate ¢

f= {f‘l Yoy f100} ~ RWQ(TC)
— fs(si) is a spatial effect modelled as an intrinsic GMRF

1 Ts
fs(s) | fs(8'), s # 8,75 ~ N <ns PRACH! ns>

s~s’

— fy(s;j) is an unstructured random effect
fs(8) | fu = {fu($1), .., fu(S5a4)} ~ N(0,7ul)

\
\
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Constraints

For identifiability of the intercept, a sum-to-zero constraint is default
for all intrinsic models, so

> fs(s) =0
j
> fi=o0.

i

\
\
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Exercise: Model fitting and comparison

Fit the following models
1. The standard BYM model, i.e. only including w, fs, f,.
2. BYM + linear covariate
3. BYM + non-linear covariate

\
\
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Exercise: Model fitting and comparison

Fit the following models
1. The standard BYM model, i.e. only including w, fs, f,.
2. BYM + linear covariate
3. BYM + non-linear covariate

Compare the models using
— The deviance information criterion
— The log-score: LS = — ), log(CPOy)

\
\
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The classical measurement error model

Linear predictor: 1, = By + fxX; + 8. z; .

Here, x is the correct but unobserved covariate and w. the
observed variable with error. Then

\
\

www.ntnu.no

A. Riebler, R-INLA: Practicing with examples



The classical measurement error model
Linear predictor: 1, = By + fxX; + 8. z; .

Here, x is the correct but unobserved covariate and w. the
observed variable with error. Then

w = X+U
u -~ N(O,TuD),

is the classical ME model.

Here, D = diag(d, ..., ds) and d; oc 7y, = 7u(X;).
Assumption: u is independent of x, but also of z and y.
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Easy example

Consider the following setting:

y ~ N(ﬁO"‘ﬁxX,Ty)
w ~ N(xaTU)
Goal:

Simulate data, let x ~ N(0, 1), and estimate 3y back. We will try
different strategies.

\
\
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Exercise: Naive model specification

1. Fit the model using the observed covariate w and compare the
estimated effect 8¢ to what we would get if we knew the
correct covariate x. What do you observe?

\
\
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Exercise: Plug-in approach

2. Use a plug-in approach:
a) Set up a model

w~ N(x,7,)
x ~N(0,7y)
where 7, = 1 is assumed to be known.

b) Estimate
y~ N()A(ﬂ T,V)

where X is the posterior mean obtained in a).

\
\
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Exercise: Joint model

3. Use a joint model to incorporate also the uncertainty of x.

&%) (6 () () (&) (1)

\
\
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Exercise: Joint model

3. Use a joint model to incorporate also the uncertainty of x.

&%)~ (6 () () () ()

Question: Is this of interest in real applications.

\
\
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Framingham heart study

— Data from the Framingham heart study 1973-1986, aiming to
understand the factors leading to coronary heart disease
y € {0, 1} in individuals.

— Covariates: x = log(SBP — 50) and smoking status z € {0, 1}.

— x could be measured only with error at two different exams.
Values were w4 and w» such that

Wi | Xj ~ N(Xi, 7u).
— Exposure model:
X|Z~N(a+ azz, )
— Regression model:

n = logit[P(y = 1| x,2)] = Bo + BxX + Bz2.

\
\
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How does this look in INLA notation

[y; NA NA T 17 17 [NAT P<H [NAT [NAT
Yn NA NA 1 n NA Zn NA NA
NA 0 NA NA NA —1 NA 1 Z4
NA 0 NA | NA NA -n NA 1 Zn
va wa wyq| =20 |wal T fual T 1| P2 (| T {wa| TO7 |
NA NA wyy NA NA n NA NA NA
NA NA wpy NA NA 1 NA NA NA
INA NA  wo, | NA | | NA | L N | NA | NA | NA
— N~~~ Ve dihS aad ~—~— S~~~ N~~~
Y beta.0 beta.x idx.x beta.z alpha.0 alpha.z
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Model formulation

Caution: In measurement error models prior distributions are very
important. Here, they are elicited from expert/prior knowledge.

For detailed model formulation, see Example 5.2 in

http://www.r-inla.org/examples/case-studies/muff-etal-2014
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