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 6 

We employ a Bayesian hierarchical Poisson model that estimates spatial and 7 

temporal structured patterns. The outcome of interest is the number of daily doses 8 

prescribed in a month at a general practice in Scotland, between October 2015 and 9 

November 2019. Let 𝑛𝑗𝑡𝑖 denote the number of prescriptions of drugs belonging to 10 

group 𝑗 ∈ {α − 1b, 5 − αri }, for practice 𝑖 = 1, … ,903, in month 𝑡 = 1, … ,50. 11 

Conditionally on a set of random effects α[𝑖], α[𝑗𝑖] and α[𝑡], let 𝑛𝑗𝑡𝑖 follow a Poisson 12 

distribution with parameter 𝜆𝑗𝑡𝑖, modelled with an additive linear predictor on a 13 

natural logarithm scale: 14 

𝑛𝑗𝑡𝑖~Poisson(𝜆𝑗𝑡𝑖) 15 log(𝜆𝑗𝑡𝑖) = 𝛼 + α[𝑖] + 𝛼[𝑗𝑖] + 𝛼[𝑡𝑗𝑖] + β1log(list size𝑡𝑖) + β2drug group + β3contract𝑖 +β4dispensing𝑖 + β5males 45p𝑡𝑖 + β6deprived 15𝑡𝑖 + β7remote𝑡𝑖  16 

The random effects, as described in Table 3 in the paper, relate to: 17 

- A structured component accounting for spatial correlation (α[𝑖]) 18 

- An unstructured component accounting for potential interactions between 19 

individual practice and type of drug (𝛼[𝑗𝑖]) 20 

- A component accounting for temporal correlation, grouped by health board 21 

and type of drug (α[𝑡]). 22 
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To model the spatial component α[𝑖], we employ an intrinsic Conditional Auto 23 

Regressive (iCAR [1,2,3]) structure that exploits an adjacency matrix based on 24 

location of the practices. The postcodes are linked to Easting/Northing coordinates 25 

and Voronoi tessellation is used to find nearest neighbours and their distances (this 26 

was done using the caramellar package, available from github via 27 

devtools::install_github("barryrowlingson/caramellar")). In this way, the model allows 28 

the borrowing of strength of information across neighbouring regions. 29 

The component accounting for potential interactions between the individual medical 30 

practice and the type of drug prescribed 𝛼[𝑗𝑖] is modelled in an unstructured way, 31 

using iid gaussian terms with common precision parameter [3]. 32 

The temporal component α[𝑡] is modelled using a first-order autoregressive process 33 

[1], allowing grouping by health board and drug type. This approach allows the 34 

estimation of a common temporal autocorrelation structure for practices in the same 35 

health board and with respect to the same drug group type. 36 

An Integrated Nested Laplace Approximation [4] approach is used to approximate 37 

the posterior distribution and obtain the estimates, using the inla package in R; 38 

default prior distributions are used for all parameters. To make estimation 39 

computationally easier, a cheap Gaussian approximation is first used and the 40 

resulting estimates employed as reasonable starting values for the actual model 41 

fitting procedure (details in the R code in Supplement 2). Kullback-Leibler divergence 42 

statistics [3] indicate a satisfactory approximation to all marginal posterior densities. 43 

Figure 1 contains the summary of the model fit, while Table 1 contains a summary of 44 

estimated posterior distributions for the random effects in terms of standard 45 

deviations, rather than precision parameters (as in Figure 1). Estimation took 46 
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approximately 7 hours on an AMD Ryzen 7 2700x processor with 32GB DDR4 RAM, 47 

under Windows 10. 48 

Figure 1. Summary of model fit 49 

 50 

Table 1. Summary of estimated posterior distributions for random effects. SD denotes the standard 51 

deviation. 52 

 mean Sd 2.5% 50% 97.5% mode 

SD of 𝛼[𝑖] (spatial) 0.480 0.018 0.446 0.480 0.516 0.480 

SD of 𝛼[𝑗𝑖] (unstructured) 0.222 0.004 0.214 0.222 0.231 0.222 

SD of 𝛼[𝑡𝑗𝑖] (temporal) 0.188 0.019 0.157 0.185 0.231 0.178 𝜌1 of 𝛼[𝑡𝑗𝑖] (autocorrelation) 0.899 0.013 0.871 0.900 0.923 0.901 𝜌2 of 𝛼[𝑡𝑗𝑖] (group 

correlation) 

0.685 0.043 0.604 0.683 0.771 0.676 
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