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Introduction 

Cardiovascular mortality is a major cause of death in both industrialized and developing 

countries (Kulasmaa et al. 2000, Capewell et al. 2000, Murray et al. 1997). In much of the 

Western world, age-specific cardiovascular mortality has been declining steadily since 1970 

(Kesteloot et al. 2006). There is ongoing debate about the determinants of this decline. Lifestyle 

changes on a population-level such as changes in diet and smoking behaviour appear to be 

important determinants (Vartiainen et al. 2010). However, some lifestyle changes have adverse 

effects, resulting in an increase in prevalence of diabetes and obesity (Zimmet et al. 2001, 

Johnson et al. 2012). Therefore, another important cause of lowered cardiovascular mortality 

may be the increased use of medicinal drugs aimed at preventing or treating cardiovascular 

disease such as Statins, ACE-inhibitors and Angiotensin Receptor Blockers (Layte et al. 2010).  

 The effectiveness of drugs used in the treatment of cardiovascular disease, such as the 

aforementioned drugs, has been demonstrated in clinical trials (e.g. Shepherd et al. 2002; Van 

Vark et al. 2012). However, the demographic composition of individuals and important factors 

such as concomitant drug use and co-morbidity in a clinical trial setting commonly differ from 

those of a post-marketing setting (Martin et al. 2004; Critchley et al. 2002), i.e. end-users 

potentially differ demographically and behaviorally from clinical test subjects.  Therefore, in 
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order to understand the impact of medicinal drugs on cardiovascular mortality in the population 

of end-users, observational studies are needed. 

A potentially important factor affecting cardiovascular mortality on a population level, 

which has so far been acknowledged (e.g. Capewell et al. 1999, Janssen et al. 2005, Amiri et al. 

2006) but often excluded from studies, are birth cohort effects. A birth cohort refers to a group of 

individuals born in the same period and who therefore share formative experiences and other 

events. For example, the effect of famine on fetal development during the Dutch Hunger Winter 

was shown to have a strong a strong effect on cardiovascular mortality in later life (Schulz et al. 

2010). However, birth cohort effects might also indirectly affect cardiovascular mortality 

through behaviour such as drug utilization and adherence. Recently, we found that individuals 

born before 1930 were less likely to utilize statin compared to individuals born after 1930 

(Bijlsma et al. 2012). This warrants an investigation which explicitly takes into account the birth 

cohort dimension in both drug uptake and mortality outcome. Through the use of aggregate data, 

this study seeks to investigate whether the effectiveness of statin use in reducing cardiovascular 

and cerebrovascular mortality differs between birth cohorts. 

 

Data & Methods 

Setting 

Cardiovascular (International Classification of Disease 9 (ICD9) 410-414, ICD10 I20-I25) and 

cerebrovascular (ICD9 430-438, ICD10 I60-I69) mortality data were received from Statistics 

Netherlands by five year age and half year period and by two year age and one year period. We 

tabulated this into two year age by half year period using linear interpolation. Information on the 

population at risk of mortality was also received from Statistics Netherland. Outpatient pharmacy 

data were used from IADB.nl, which contains dispensing information from 55 community 

pharmacies in the Netherlands, covering on average 500 000 persons annually (www.IADB.nl) 

(Visser et al., 2013). 

 

Study population 

The study population consisted of individuals in the Netherlands between ages 50 and 83 years 

in the study period 1994 to 2011, belonging to birth cohorts 1916-1959). 
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Cardiovascular medications and diabetes 

Individuals were considered a user of a drug in a half year period if they received at least one 

prescription for that drug in the respective half year period. In this way, we determined the 

number of users of statins, ACE inhibitors, antithrombotic agents, angiotensin receptor blockers, 

beta blockers, calcium channel blockers, diuretics, fibrates and nitrates. Statin use is our drug of 

primary interest. Individuals were considered to have diabetes in a half year period if they 

received at least one prescription for a blood glucose lowering drug (including insulins), and 

received a prescription for a blood glucose lowering drug (excluding insulins) at any point in 

time. We calculated the prevalence of users of each drug by dividing the number of users by the 

population at risk of prescription. 

 

Outcome measure 

The primary outcome measure of this study is age and birth cohort specific count of mortality 

due to acute myocardial infarction (ICD9 410). We also studied mortality due to other ischaemic 

heart diseases (ICD9 411-414) and cerebrovascular disease (ICD9 430-438). 

 

Statistical analyses 

We fitted a Poisson model with the count of cause-specific mortality as the outcome variable and 

the natural log of life years at risk of mortality as an offset variable, thereby effectively modeling 

the incidence of cause-specific mortality. Predictors in this model were age category (50-51, 52-

53, …, 82-83), birth cohort (1916-1919, 1920-1924, …., 1956-1959), prevalence of statin use 

and prevalence of antithrombotic use. Prevalence of statin use was given a 2 year lag in age and 

calendar time, as the drug is expected to be efficacious on the longer term. Because the 

prevalence of these drugs increases steadily over time, to some degree they will serve as proxies 

of period time. Therefore, this model can be seen as an age-period-cohort characteristic model 

(APCC model) (O’Brien et al. 2000). We adjusted for prevalence of the other cardiovascular 

medications and diabetes. An interaction term between prevalence of statin use and birth cohort 

was used to assess whether the association of statin use with the cause-specific mortality rate is 

modified by birth cohort. 
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Results 

Effectiveness of statins and cardiovascular medications 

Adjusting for age, sex, birth cohort, other drug use and diabetes, an increase of one statin user 

per 100 person-years in a half year period was associated with a 1.23% decrease in the number of 

individuals that would die of AMI in the same half year period (95% confidence interval (CI) 

0.93 to 1.53%). This was 0.93% (CI: 0.42 to 1.43%) for mortality due to other IHD and 1.06% 

(CI: 0.70 to 1.42%) for cerebrovascular mortality. The association between prevalence of statin 

use and mortality after two years was stronger; an increase of one statin user per 100 person-

years in a half year period was associated with a 1.61% decrease in the number of individuals 

that would die of AMI two years later (CI: 1.33 to 1.88%). This was 1.06% (CI: 0.60 to 1.51%) 

for other IHD and 1.14% (CI: 0.82 to 1.46%) for cerebrovascular mortality. 

 

Birth cohort effects 

We found that in general, younger birth cohorts had lower relative incidence of acute myocardial 

infarction than older birth cohorts, with some apparent stagnation for cohorts born in the period 

1920 to 1928 (Figure 1). Very similar patterns were found for other ischaemic heart diseases 

(ICD9 411-414) and cerebrovascular diseases (ICD9 430-438). 

 

Effectiveness of statin use by birth cohort 

Interactions by birth cohort added significantly to the models (p < 0.01). For the model with 

ICD9 410 as the outcome, the majority of point estimates were close 1 to and did not differ 

significantly from 1 (Figure 2). Significant estimates were close enough to 1 to be clinically 

irrelevant. Findings for the models with ICD9 411-414 and ICD9 430-438 were similar. 

 

Conclusion 

In our aggregated time-trend analysis we found differences between birth cohorts in 

cardiovascular mortality. However, despite a significant addition of the interaction between birth 

cohort and statin therapy, we did not find clinically relevant differences between birth cohorts in 

the effectiveness of statin therapy on the reduction in cardiovascular mortality. 
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Figure 1: Estimated birth cohort effects in mortality due to acute myocardial infarction in the 

period 1994-2010, ages 50 to 83 in the Netherlands according to the age-period-cohort 

characteristic model. 

 

Figure 2: Estimates of the modification by birth cohort of the effect of statin use on mortality 

due to acute myocardial infarction in the period 1994-2010, ages 50 to 83 in the Netherlands. 

 


