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Appendix B 

Bayesian APC model formulations 

Bayesian Poisson regression models were fitted for each gender and age category. Following the APC 
approach, the canton-specific effects of age, period and cohort were used to model and predict tobacco-

related cancer deaths ijk , where population size ijkn  of each age group and period was considered as the 

exposure. As the analysis covered 26 coherent regions, models were further developed including gender- 

and canton-specific random effects k  accounting for spatial correlation. 

                                      ,log( ) log( )ijk ijk ik jk j i k kn                                            

In addition, we extended the model to consider under-/over-dispersion assuming that mortality counts follow 
a Negative Binomial distribution. The Negative Binomial is an extension of the Poisson distribution and it 
includes an additional parameter to account for the extra-variation. 

To complete Bayesian model formulation, priors are specified for the unknown parameters. For the first two 
groups of the time effects (i.e. age, period and cohort) a normal distribution was considered with mean 0 and 
vague precision depending on the overall precision of the remaining groups. For the remaining groups, a 
second-order autoregressive process was assigned allowing for dependence and smoothing [1]. For 
example, for the age effects the above prior is formulated as follows: 

                                                  1 ~ (0,1.0 06 )N E                                                                       

                                               2 1 ~ (0,1.0 06 )N E                                                                      

                                         
1,..., 1 1 2~ (2 , )i i i iN        , for 3 i I                                

where I is the total number of age groups. Uninformative priors were assigned to the precision parameter of 
each effect. Spatial random effects were assumed to derive from a Conditional Autoregressive (CAR) 
process [2, 3]. Dependence in space among the cantons was introduced by the conditional prior distribution 

of the k  with 
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where kqc  indicates the degree of spatial influence of canton k to the remaining ones, taking the value 1 if 

they are adjacent and 0 otherwise and kw  represents the number of neighbours of canton k. 
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Model validation 

For validation purposes, models were applied for empirical projection of age- and gender-specific tobacco-
related cancer mortality at cantonal, national and language region levels in periods with known mortality. 
Model performance was evaluated by comparing model-based projections with observed data in 1999–2003 
and 2004–2008 using the sum of squared residuals (SSR).  
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where ijkR and ˆ
ijkR  are the observed and estimated rates for canton k, age group i and period j, 

respectively. Table B1 shows the SSR for the two periods of the empirical projection of gender-specific 
tobacco-related cancer mortality. Regarding the projections at cantonal level, the spatial Poisson model 
performed best for males. The spatial models showed best predictive ability for females, whereas the 
Negative Binomial ones gave more precise estimates. Therefore, spatial Poisson and Negative Binomial 
models were applied to project cantonal age- and gender-specific tobacco-related cancer mortality in 
Switzerland. For projections at country and language regions, Negative Binomial and Poisson models were 
applied for males and females, respectively. 

 

 

Table B1: Results of empirical projections of gender-specific tobacco-related cancer mortality given by the sum of 
squared residuals for the projected periods. 

 

 National Language regions Cantonal 

 Males Females Males Females Males Females 

Bayesian APC       

Poisson 0.71 0.08 3.57 1.98 113 104 

Poisson spatial     109 101 

Negative Binomial 0.28 0.09 2.73 2.15 145 106 

Negative Binomial spatial     175 101 
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