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Appendix 2: Statistical analysis – negative binomial 
count model specification 
 
As Age Period Cohort (APC) regression modelling was not appropriate in this study, we 

used a multivariable regression framework to model the count of deaths over time. We fitted 

separate models for deaths from CeVD and IHD (see main manuscript for definitions). As 

data were count data (i.e. a number of deaths) and the variance exceeded the mean (over-

dispersion), we used negative binomial regression models. Variables included in both 

models were sex, single age at death and Carstairs deprivation (1 ‘most deprived 40%’, 2 

‘central 20%’ and 3 ‘least deprived 40%’). Carstairs’ quintiles were collapsed into the 

variables in the model in order to maintain consistency with rates and SCP analysis (see 

main manuscript for detail). Population was accounted for as an offset variable. As counts 

increased exponentially with age we included an age squared explanatory variable in both 

disease models. The underlying trend over time in the count data was modelled in a different 

way for each disease. For CeVD, we used a year squared variable which allowed the 

underlying trend to be constant but non-linear. For IHD, the study period was split into two 

sections (pre and post 1990) using the command mkspline (Stata/SE 14 (Stata Corp, Texas, 

2015). This command creates multiple cubic splines (where a spline is a curve joining two 

points). 1990 was chosen as the split point as a change of trend is evident at this point in the 

descriptive data. We also split the study period into 2-6 equal sections in turn and recorded 

the Bayes Information Criterion (BIC) for each. The selected model had a lower BIC 

(indicating a better fit) than any of the alternative specifications.   

 

Interaction variables were added where they were significant (measured using the likelihood 

ratio test). Interaction variables allow effects of one variable to be different in sub-groups of 

another, such as age effect being different in males and females. Interaction variables 

included in the IHD and CeVD models are shown in Table 1. We assessed goodness of fit of 

the selected model by comparing predicted values with observed values using the R2 

statistic. R2 is a statistical measure of how close the data are to the fitted model (it is the 

amount of variance in the outcome variable that is explained by the model) which takes 

values between zero and one with one being a perfect fit. Our models had R2 in excess of 

99%. Regression analyses were undertaken using STATA/SE 14 software (STATA Corp, 

Texas, USA). 
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Table 1 Interaction variables in negative binomial models 

 IHD – name of interaction 

variable 

CeVD - name of interaction 

variable 

Age and sex Int1 Not statistically significant 

Year and sex Year replaced by pre and 

post 1990 

Not statistically significant 

Year and Carstairs Year replaced by pre and 

post 1990 

Int3 

Pre-1990 and sex Int2 Not applicable 

Post-1990 and sex Int3 Not applicable 

Pre-1990 and Carstairs Int4 Not applicable 

Post-1990 and Carstairs Int5 Not applicable 

Year and age - Int7 

Year and age squared - Int8 

Pre-1990 and age Int6 Not applicable 

Post-1990 and age Int7 Not applicable 

Pre-1990 and age squared Int8 Not applicable 

Post-1990 and age squared Int9 Not applicable 

Carstairs and age Int10 Int5 

Carstairs and sex Int11 Int4 

Carstairs variable is 1- most deprived 40% of areas, 2 – central 20% areas, 3 – least deprived 40% of areas 

Full model specifications and output are shown as Figures 1 (IHD) and 2 (CeVD) below. 

Plots of predicted and observed data are included as Figures 3 (IHD) and 4 (CeVD). 
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