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Model Specification 

The linear predictor for the location parameter of the gamlss Poisson Inverse Gauss-

ian (PIG) model is the following: 

log (
𝜇𝑖𝑗

𝑝𝑜𝑝
) =  𝛽0 + 𝑦𝑒𝑎𝑟𝑖 ×  𝛽1 + (𝑦𝑒𝑎𝑟𝑖 − 2012)+ ×  𝛽2 + 𝐼(𝑦𝑒𝑎𝑟𝑖 > 2019) ×  𝛽3 +

                        (𝑦𝑒𝑎𝑟𝑖 − 2019)+ ×  𝛽4 + 𝑠𝑒𝑥𝑖 × 𝛽5 +  𝑠𝑢𝑚𝑚𝑒𝑟𝑖 × 𝛽6 +  𝑤𝑖𝑛𝑡𝑒𝑟𝑖 × 𝛽7 +
                        𝑠𝑝𝑟𝑖𝑛𝑔𝑖 × 𝛽8 + 𝑎𝑔𝑒𝑐𝑙𝑎𝑠𝑠𝑖,0−14 × 𝛽9 + 𝑎𝑔𝑒𝑐𝑙𝑎𝑠𝑠𝑖,15−24 × 𝛽10 +

                        𝑎𝑔𝑒𝑐𝑙𝑎𝑠𝑠𝑖,45−64 × 𝛽11 +  𝑎𝑔𝑒𝑐𝑙𝑎𝑠𝑠𝑖,65−74 × 𝛽12 + 𝑎𝑔𝑒𝑐𝑙𝑎𝑠𝑠𝑖,>74 × 𝛽13 + 𝛾𝑖𝑗  

 

where:  

• i and j are the subject (record) and region indices, respectively; 

• 𝛽1 is the slope for the years 2008–2012; 

•  𝛽1 +  𝛽2 is the slope for the years 2013–2019, being  𝛽2 the difference in slope for 

the years 2013-2019 with respect to the years 2008–2012, and  (𝑦𝑒𝑎𝑟𝑖 − 2012)+ 

being the change point of the slope for the years 2013–2019; 

• 𝛽3 quantifies the “jump” between the years 2019 and 2020; 

•  𝛽1 +  𝛽2 + 𝛽4 is the slope for the years 2020–2022, being  𝛽4 the difference in 

slope for the years 2020-2022 with respect to the years 2013–2019.  

• 𝛾𝑖𝑗 is the random effect of the region.  

The baseline variable values are year = 2008, sex = F, season=autumn, and ageclass = 

25-44. 

The Annual Percentage Change (APC) from the model, reported in Figure 3, is cal-

culated as follows: 

𝐴𝑃𝐶2008−2012 = [exp( 𝛽1) − 1]  × 100,   
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𝐴𝑃𝐶2013−2019 = [exp( 𝛽1 + 𝛽2) − 1]  × 100,  

𝐴𝑃𝐶2020−2023 = [exp( 𝛽1 +  𝛽2 + 𝛽3) − 1]  × 100,  

while the Average Annual Percentage Change (AAPC) is calculated as: 

𝑤2008−2012 ×  𝛽1 + 𝑤2013−2020 × ( 𝛽1 +  𝛽2) + 𝑤2020−2022 × ( 𝛽1 +  𝛽2 + 𝛽4),   

were 

𝑤2008−2012 =
5

15
,  𝑤2013−2019 =

7

15
, 𝑤2020−2022 =

3

15
.   

The standard error calculation of the AAPC is based on:  

1) the vector 𝑤 = (𝑤2008−2012, 𝑤2013−2020, 𝑤2020−2022)′ of weights;  

2) the 3 × 3 sub-matrix 𝐵 of the model variances/covariances matrix 𝑉, containing 

the variances/covariances for  𝛽1,  𝛽2, and  𝛽4 respectively;  

3) a contrast matrix M such that M = [
1 1 1
0 1 1
0 0 1

].  

Then, the AAPC’s standard error is calculated as 𝑠𝑒 = (𝑤′𝑀𝐵𝑀′𝑤)
1

2. Finally, the 95% 

confidence interval for AAPC is calculated as 𝐴𝐴𝑃𝐶 ± 1.96 × 𝑠𝑒. 


