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Methodology: models

@ Y,.: The observed counts of (newly) diagnosed disease or
mortality cases

@ FEi: The expected number of disease or mortality cases

in an area k
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Methodology: models

Bayesian hierarchical models in disease mapping

Yi|Ek, R ~ Poisson(ExRy), k€ {l,...,n}
In(Ry) = p+x B+ 6

@ VY.: The observed counts of (newly) diagnosed disease or
mortality cases

@ E.: The expected number of disease or mortality cases
@ R.: The relative risk
inan area k
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Methodology: models

Bayesian hierarchical models in disease mapping

@ Intrinsic model*

2
-
Okl Pk, 7> ~ N Z@,
ng
ij
@ Convolution model*

O = O + Yy,

O | 0> ~ N(0,0?)
2

Velp—i, 72 ~ N Zw],l

n
J~k k

* Besag, J., York, J., and Mollie, A. (1991). Bayesian image restoration, with two applications in spatial statistics.

Ann. Inst. Statist. Math., 43, 159, https://doi.org/10.1007/BF00116466. _ g | KuLEUVEN |

Comparison of different software steruniversity Insitute for Biostatistics
implementations for spatial disease mapping 6

nd ﬁ' tic \Bonformwc




Methodology: software packages

An overview of the implementations of the CAR models

Name | R Package | Estimation method
R20penBUGS R20penBUGS | Markov chain Monte Carlo
CARBayes CARBayes Markov chain Monte Carlo
rstan-MCMC rstan Markov chain Monte Carlo
rstan-vi rstan Variational inference
R2BayesX-MCMC | R2BayesX Markov chain Monte Carlo
R2BayesX-REML | R2BayesX Empirical Bayes
INLA INLA Integrated nested

Laplace approximation

Comparison of different software
implementations for spatial disease mapping




Methodology: software packages

An overview of the implementations of the CAR models

Name | R Package | Estimation method
R20penBUGS R20penBUGS | Markov chain Monte Carlo
CARBayes CARBayes Markov chain Monte Carlo
rstan-MCMC rstan Markov chain Monte Carlo
rstan-vi rstan Variational inference
R2BayesX-MCMC | R2BayesX Markov chain Monte Carlo
R2BayesX-REML | R2BayesX Empirical Bayes
INLA INLA Integrated nested

Laplace approximation

Comparison of different software
implementations for spatial disease mapping




Methodology: software packages

An overview of the implementations of the CAR models

Name | R Package | Estimation method
R20penBUGS R20penBUGS | Markov chain Monte Carlo
CARBayes CARBayes Markov chain Monte Carlo
rstan-MCMC rstan Markov chain Monte Carlo
rstan-vi rstan Variational inference
R2BayesX-MCMC | R2BayesX Markov chain Monte Carlo
R2BayesX-REML | R2BayesX Empirical Bayes
INLA INLA Integrated nested

Laplace approximation

Comparison of different software
implementations for spatial disease mapping




Methodology: software packages

An overview of the implementations of the CAR models

Name | R Package | Estimation method
R20penBUGS R20penBUGS | Markov chain Monte Carlo
CARBayes CARBayes Markov chain Monte Carlo
rstan-MCMC rstan Markov chain Monte Carlo
rstan-vi rstan Variational inference
R2BayesX-MCMC | R2BayesX Markov chain Monte Carlo
R2BayesX-REML | R2BayesX Empirical Bayes
INLA INLA Integrated nested

Laplace approximation

Comparison of different software
implementations for spatial disease mapping




L AR (IR R I
Methodology: software packages

An overview of the implementations of the CAR models

Name | R Package | Estimation method
R20penBUGS R20penBUGS | Markov chain Monte Carlo
CARBayes CARBayes Markov chain Monte Carlo
rstan-MCMC rstan Markov chain Monte Carlo
rstan-vi rstan Variational inference
R2BayesX-MCMC | R2BayesX Markov chain Monte Carlo
R2BayesX-REML | R2BayesX Empirical Bayes
INLA INLA Integrated nested

Laplace approximation

Comparison of different software
implementations for spatial disease mapping 11



L AR (IR R I
Methodology: software packages

An overview of the implementations of the CAR models

Name | R Package | Estimation method
R20penBUGS R20penBUGS | Markov chain Monte Carlo
CARBayes CARBayes Markov chain Monte Carlo
rstan-MCMC rstan Markov chain Monte Carlo
rstan-vi rstan Variational inference
R2BayesX-MCMC | R2BayesX Markov chain Monte Carlo
R2BayesX-REML | R2BayesX Empirical Bayes
INLA INLA Integrated nested

Laplace approximation

Comparison of different software
implementations for spatial disease mapping 12



Methodology: software packages

An overview of the implementations of the CAR models

Name | R Package | Estimation method
R20penBUGS R20penBUGS | Markov chain Monte Carlo
CARBayes CARBayes Markov chain Monte Carlo
rstan-MCMC rstan Markov chain Monte Carlo
rstan-vi rstan Variational inference
R2BayesX-MCMC | R2BayesX Markov chain Monte Carlo
R2BayesX-REML | R2BayesX Empirical Bayes
INLA INLA Integrated nested
Laplace approximation

Comparison of different software
implementations for spatial disease mapping




L AR (IR R 1
Methodology: software packages

An overview of priors and hyperpriors for the intrinsic model

Software CARBayes R20penBUGS R2BayesX rstan INLA
package
© ~ N (0,10000) An improper An improper ~ N (0, ~ N(0,0)
(flat) prior (flat) prior 102400)
Default User-specified Default User-specified Default
2 2 1 2 1 1
T 7% ~ Inverse- 5~ 7 ~ Inverse- 5~ Log( —
. 1— 72
Gamma(1,0.01) Gamma(1,0.01) Gamma(0.001, Gamma(1,0.01) ~ Log-
0.001) gamma(1,5x10~2)
Default User-specified Default User-specified Default
& cmmm
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Methodology: software packages

Summary statistics

Estimates | Mean Mode Median Quantiles Standard
deviation

Software package
CARBayes X X
R20penBUGS X X X X
R2BayesX-MCMC X X X X
R2BayesX-REML X
rstan-MCMC X X X
rstan-vi X X X X
INLA X X X X X
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Data analysis: data description

@ Data about diabetics in children and young adults
@ Belgium
e 2014

@ InterMutualistisch Agentschap

I-BioStat
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Data analysis: parameter results of the intrinsic model

In(Ry) = p+ ¢, ¢k~N<

j~k

1 . T2
nk.z%nk)

Software package

1 (sd)

72 (sd)

CARBayes
R20penBUGS
R2BayesX-MCMC
R2BayesX-REML
rstan-MCMC
rstan-vi

INLA

-0.076 (0.013)
-0.076 (0.012)
-0.076 (0.013)
-0.064 (0.012)
-0.076 (0.012)
-0.075 (0.009)

-0.076 (0.012)

0.168 (0.022)
0.166 (0.021)
0.170 (0.023)
0.165

0.167 (0.021)

0.231 (0.010)
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Data analysis: parameter results of the convolution model

In(Rk) = p+ oy,

Sk =0k +k Ok~ N(0,0%) 1/1kNN<nIkZT/’ijwz>
ok

Software package

1 (sd)

72 (sd)

o2 (sd)

CARBayes
R20penBUGS
R2BayesX-MCMC
R2BayesX-REML
rstan-MCMC
rstan-vi

INLA

-0.0782 (0.013)

-0.077 (0.013)
-0.077 (0.013)
-0.066 (0.012)
-0.077 (0.012)
-0.092 (0.020)

-0.077 (0.013)

0.155 (0.021)
0.152 (0.021)
0.161 (0.022)
0.184

0.153 (0.022)
0.062 (0.011)

0.154 (0.021)

0.004 (0.002)
0.004 (0.002)
0.002 (0.002)
1x104

0.005 (0.002)
0.115 (0.002)

0.004 (0.008)
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Data analysis: parameter results of the convolution model

In(Rk) = p+ oy,

p =0k + U O~ N(0,0?%) lkaN(

n Z wj’m)

Software package

p (sd)

72 (sd)

o7 (sd)

CARBayes -0.0782 (0.013) 0.155 (0.021) _ 0.004 (0.002)
R20penBUGS -0.077 (0.013)  0.152 (0.021)  0.004 (0.002)
R2BayesX-MCMC | -0.077 (0.013)  0.161 (0.022) 0.002 (0.002)
R2BayesX-REML | -0.066 (0.012) 0.184 1x10—4

rstan-MCMC -0.077 (0.012) 0.153 (0.022) 0.005 (0.002)
rstan-vi -0.092 (0.020)  0.062 (0.011)  0.115 (0.002)
INLA -0.077 (0.013)  0.154 (0.021)  0.004 (0 008)
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Data analysis: parameter results of the convolution model

In(Rk) = p+ oy,

bk =0k +r Ok ~ N(0,0?) 1/1kNN<nlk

2

g~

2
)

Software package

1 (sd)

72 (sd)

o2 (sd)

CARBayes
R20penBUGS

R2BayesX-MCMC

-0.0782 (0.013)
-0.077 (0.013)

-0.077 (0.013)

0.155 (0.021)
0.152 (0.021)

0.161 (0.022)

0.004 (0.002)
0.004 (0.002)

0.002 (0.002)

R2BayesX-REML | -0.066 (0.012) 0.184 1x10~4

rstan-MCMC 10,077 (0.012)  0.153 (0.022)  0.005 (0.002)
rstan-vi 10.092 (0.020)  0.062 (0.011) 0.115 (0.002)
INLA -0.077 (0.013)  0.154 (0.021)  0.004 (0.008)
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Simulation study: design

@ Model:
Yk’Ek,Rk ~ POiSSOﬂ(EkRk), ke {1,...,n}
ln(Rk) =u-—+ ¢k .

@ 3 scenarios — depending on ¢:

e spatial independence
e moderate spatial dependence
e strong spatial dependence

@ For each scenario: 200 datasets created

@ Analysed with the intrinsic and the convolution model
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Simulation study: computation time

Mean time (seconds) to run the model

Software package [ Intrinsic  Convolution

INLA 5 23
CARBayes 20 28
R2BayesX-MCMC 22 45
rstan-vi 19 23
rstan-MCMC 60 111
R20penBUGS 201 293
R2BayesX-REML 212 1880
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Simulation study: parameter estimates

@ Similar estimates for R20penBUGS, rstan-MCMC and

INLA

@ R2BayesX: estimates between CARBayes and OpenBUGS
@ rstan-vi: deviant parameter estimates

The parameter estimates of the convolution model

package m 2 o2
CARBayes Min -0.471 0.601 0.046
Mean | -0.044 0.879 0.095
Max 0.311 1.247 0.155
R20penBUGS | Min -0.466 0.779 0.006
Mean | -0.039 1.028 0.014
Max 0.316 1.328 0.049
rstan Min -0.466 0.772 0.007
-MCMC Mean | -0.039 1.038 0.012
Max 0.315 1.356 0.044
|>> UHASSELT
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Simulation study: parameter estimates

The parameter estimates of the convolution model

2

2

Software package I T o
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Simulation study: relative risk estimates

n
O _ 1 O _ pp® o -
OADY = EkZl\RRk — RR;’| simulation [, area k
Software Software Software
package package package
R20pen- | Min 0.149 | CARBayes | Min 0.153 | rstan-vi Min 0.169
BUGS Mean 0.199 Mean 0.210 Mean 0.381
Max 0.254 Max 0.274 Max 18.658
rstan Min 0.150 | R2BayesX | Min 0.152
-MCMC Mean 0.199 | -MCMC Mean 0.202
Max 0.254 Max 0.256
R2BayesX | Min 0.160
-REML Mean 0.200
Max 0.256
INLA Min 0.151
Mean 0.201
Max 0.256
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Simulation study: relative risk estimates
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Conclusion

1. INLA
2. rstan-MCMC } — Best performance
3. OpenBUGS

CARBayes

R2BayesX-MCMC — Good performance,

slight differences comparedto 1, 2, 3

R2BayesX-REML — Deviant parameter estimates
and highest computation time

rstan-vi — Deviant parameter and relative risk estimates
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