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General Introduction
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Problem statement

The developed world is facing an ageing population and a burden of disease that has shifted 
towards older ages. The most common causes of death are now degenerative diseases, 
primarily cancer and cardiovascular disease at old age, which are in part preventable  
[1, 2]. Importantly, preventing chronic disease is generally shown to be more cost effective 
than curing or treating such disease [3]. Hence, preventive pharmaceutical interventions 
play a major role in maintaining and improving population health. As the population 
ages, the importance of preventive pharmaceutical interventions will increase. One large 
pharmaceutical intervention is therapy with statins, which is a principal health strategy 
to reduce cardiovascular disease. Trial evidence shows strong efficacy of statins in trial 
subjects, but population-level studies of its effect are lacking [4]. 

The effects of interventions are commonly estimated through randomized controlled 
trials (RCTs) to control for the distorting influence of confounding factors [5, 6]. However, 
end-users in clinical practice commonly differ demographically and behaviorally from 
trial participants, and hence the effect estimate derived from an RCT, mainly referred to 
as efficacy, may not equal the clinical effectiveness estimate in a real world application 
of the pharmaceutical intervention. Therefore, observational studies are urgently needed. 

The challenge in observational research is to adequately control or adjust for con-
founders. Confounders are variables that causally affect the exposure and outcome under 
study, and can thereby cause a spurious relation between the exposure and the outcome. 
If it is possible to control or adjust for confounders, the ‘causal’ clinical effect of the inter-
vention can be detected.

A potentially relevant confounding factor in drug utilization and drug effectiveness 
studies is birth cohort. A birth cohort refers to a group of individuals born in the same 
time period. These individuals therefore share formative experiences which occur in utero 
or during critical phases of the life course [7], which can shape both their behavior and 
physiological characteristics (e.g. [8]), and can consequently affect both drug exposure, 
and disease outcomes. The clinical effects of drugs may therefore also differ between birth 
cohorts, which is also known as effect modification. Birth cohort trends in clinical outcomes 
have frequently been studied in epidemiology (e.g. [9]), and demography (e.g. [10]), but 
has so far not been the main object of study in (cardiovascular) pharmacoepidemiology. 
Birth cohort effects have proven to be significant for many causes of death such as stroke 
and ischemic heart disease (e.g. [11]), and seem to especially affect old-age mortality 
(e.g. [9]). Furthermore, birth cohort can serve as a proxy for other confounders, such 
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as smoking, which can be utilized when such information is otherwise not available 
to investigators [12, 13]. Despite awareness of birth cohort as a risk factor, potential 
confounder, and effect modifier, epidemiological studies on the impact of pharmaceutical 
interventions commonly ignore the birth cohort dimension.

Objective and research questions

The objective of this dissertation is to assess the value of including the birth cohort 
dimension in causal analyses of statin utilization and statin effectiveness in reducing 
cardiovascular mortality, when age, calendar time, and potentially other relevant variables 
are also controlled. The research questions are:

- Part 1: Are birth cohort effects present in statin utilization, and can such effects 
confound effect estimates of interventions on statin utilization?

- Part 2: Is birth cohort a confounder or effect modifier of the relation between statin 
therapy and cardiovascular mortality?

- Part 3: Does a mechanism-based approach improve the identification of age, period 
and birth cohort effects?

Research setting

To answer the research questions pertaining to part 1 and 2, pharmacy data from the 
University of Groningen pharmacy database (IADB.nl) and mortality data from the 
Netherlands’ national statistics office (Statistics Netherlands) will be utilized. While 
differing somewhat per study, the data used in this dissertation roughly covers individuals 
in the Netherlands aged 18 to 100 years in the calendar period 1994 to 2012.

Research approach

The research approach to be employed in this dissertation will be highly multidisciplinary: 
methods and substantive knowledge from (pharmaco)epidemiology, demography and 
statistics will be used. Only recently has the insight from population-level demographic 
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research been recognized as an important addition to the more individual-level research 
of (pharmaco)epidemiology [14, 15]. Processes take place on both the individual-level 
and the population-level, and there may be different outcomes at each level. Effects of 
interventions will be studied on the population-level using aggregated data, and effects 
on the individual-level using individual-level data. The type of data that is used may 
have consequences for the utility of birth cohort, especially when adjustment for age and 
calendar time has already taken place.

In order to adjust estimates for confounding by birth cohort, the effects of birth 
cohort must first be found. The primary technique for detecting birth cohort effects is 
the age-period-cohort (APC) model. An APC model decomposes an outcome into effects 
associated with (or caused by) age, calendar time and time of birth. It is required that the 
effects of all three APC variables are estimated at once, or the omitted variables will distort 
the effect estimates of the remaining ones [16, 17]. However, age, period and cohort are 
linearly dependent (age = period – cohort), and hence the APC model requires additional 
constraints in order to be statistically identifiable. Many possible constraints exist, and 
since the choice of constraints affect estimates from the APC model, they remain a topic 
of fierce debate (e.g. [18-23]). Because the primary objective of this dissertation is to 
improve the validity of effect estimates by adjusting for birth cohort effects, and many 
studies commonly control for age and period and thereby implicitly adjust for the linear 
component of the birth cohort effect, constraints will commonly be applied in such a way 
that birth cohort effect estimates only represents the non-linear component of the ‘true’ 
birth cohort effect.

Other advanced statistical techniques are also required in order to properly measure 
and adjust for birth cohort effects, while simultaneously adjusting for other extraneous 
factors which may distort the validity of effect estimates. In general, a causal inference 
approach will be employed; causal inference is a young and fast-growing subfield of statistics, 
which focuses on statistical methods for inferring the causal effect of an exposure on an 
outcome under minimal and well-understood assumptions [24, 25]. Innovative statistical 
techniques have emerged from causal inference, such as the parametric G-formula, which 
is a statistical technique that can translate clinical effect estimates for patients into public 
health effects [26], and which will be used in this dissertation to bridge the individual 
and population levels. The causal inference approach has been employed primarily in 
epidemiology (e.g. [27]), but has so-far only rarely been employed by demographers.
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Thesis outline

Part 1 of the thesis contains the drug utilization studies of this dissertation (chapters 2 
and 3). In chapter 2 trends in prevalence of statin use in the Netherlands are studied both 
descriptively and by contrasting a more common age-period model with an age-period-
cohort model. In chapter 3 is described how the strong birth cohort effect that was found 
in chapter 2 can confound effect estimates of an intervention on prevalence of statin use 
at the population-level.

Part 2 details the drug effectiveness studies of this dissertation (chapters 4, 5 and 6). 
In chapter 4 the population-level association between prevalence of statin therapy and 
cardiovascular mortality in the Netherlands is investigated, and it is determined whether 
birth cohort confounds or modifies this association. In order to assess the effectiveness 
of statins at the individual-level, a good measure of exposure to statin therapy within 
individual patients over time is required. Therefore, in chapter 5, a method is developed 
for measuring time-varying adherence to prescription drugs within individual patients. In 
chapter 6, the clinical effect of adherence to statin therapy on cardiovascular mortality at 
the individual-level in the Netherlands is determined, and it is assessed whether this effect 
is confounded or modified by birth cohort. In this chapter, the individual and population 
levels are bridged by applying the parametric G-formula to acquire the population-level 
effect of adherence to statin therapy on cardiovascular mortality.

Part 3 of the thesis consists of a mechanism-based approach to identify age, period 
and cohort effects. There has been a long and at times fierce debate about the APC linear 
identification problem and the constraints that should be put on models to help them 
identify the true effects of age, period and cohort. In chapter 7, an approach to identify 
age, period and cohort effects, based in the causal inference framework, is assessed and 
extended.



13

1

G
eneral Introduction

References

[1] World Health Organization. Health in the European Union - trends and analysis. European Observatory 
on Health Systems and Policies; 2009.

[2] Omran AR. The Epidemiologic transition theory revisited thirty years later. World Health Statistics 
Quarterly 1998; 52: 99-119.

[3] RIVM. Volksgezondheid Toekomst Verkenning 2010: van gezond naar beter. RIVM: Bilthoven; 2010.

[4] Taylor F, Huffman MD, Macedo AF, et al. Statins for the primary prevention of cardiovascular disease. 
Cochrane Database Syst Rev. 2013 31;1:CD004816.

[5] Danaei G, Tavakkoli M, Hernán MA. Bias in observational studies of prevalent users: lessons for 
comparative effectiveness research from a meta-analysis of statins. Am J Epidemiol 2012;175:250e62.

[6] Groenwold RHH, Hak E, Hoes AW. Quantitative assessment of unobserved confounding is mandatory in 
nonrandomized intervention studies. J Clin Epidemiol 2009;62:22e8.

[7] Ben-Shlomo Y, Kuh D. A life course approach to chronic disease epidemiology: conceptual models, 
empirical challenges and interdisciplinary perspectives. Int J Epidemiol. 2002;31(2):285-93.

[8] Ekamper P, van Poppel F, Stein AD, Lumey LH. Independent and additive association of prenatal famine 
exposure and intermediary life conditions with adult mortality between age 18-63 years. Soc Sci Med. 
2014;119:232-9.

[9] Janssen F, Kunst AE, Netherlands Epidemiology and Demography Compression of Morbidity research 
group (2005). Cohort patterns in mortality trends among the elderly in seven European countries, 1950-
1999. Int J Epidemiol. 34(5): 1149-59. 

[10] Susser M. The longitudinal perspective and cohort analysis. Int J Epidemiol. 2001; 30 (4): 684-7.

[11] Amiri M, Kunst AE, Janssen F, Mackenbach JP. Cohort-specific trends in stroke mortality in seven European 
countries were related to infant mortality rates. J Clin Epidemiol 2006; 59(12): 1295-302.

[12] Preston S, Wang H. Sex mortality differences in the United States: The role of cohort smoking patterns. 
Demography 2006; 43, 631–646.

[13] Verlato G, Melotti R, Corsico AG, Bugiani M, Carrozzi L, Marinoni A, Dallari R, Pirina P, Struzzo P, 
Olivieri M, de Marco R; ISAYA Study Group. Time trends in smoking habits among Italian young adults. 
Respir Med. 2006;100(12):2197-206.

[14] Stolk RP, Hutter I, Wittek RPM, Population ageing research: a family of disciplines. Eur J Epidemiol. 2009; 
24(11): 715:18.

[15] Janssen F, Hak E. Modelling population-level drug use with demographic and geographic approaches and 
techniques. Advances in Pharmacoepidemiology & Drug Safety . 2014;3(3). 2167.

[16] Clayton D, Schifflers E. Models for temporal variation in cancer rates. II: Age–period–cohort models. 
Statistics in Medicine 1987; 6: 469–81. 

[17] Glenn ND. Cohort analysis. Sage publications: Thousand Oaks; 2005.

[18] Bell A, Jones K. Another 'futile quest'? A simulation study of Yang and Land's Hierarchical Age-Period-
Cohort model. Demographic Research 2014; 30: 333-360.

[19] Luo L. Assessing Validity and Application Scope of the Intrinsic Estimator Approach to the Age-Period-
Cohort Problem. Demography. 2013; 50(6):1945-1967

[20] Fienberg SE. Cohort Analysis’ Unholy Quest: A Discussion. Demography. December 2013; 50(6): 1981-
1984 .

[21] Yang C, Land KC. Misunderstandings, Mischaracterizations, and the Problematic Choice of a Specific 
Instance in Which the IE Should Never Be Applied. Demography 2013; 50(6): 1969-1971.

[22] Held L, Riebler A. Comment on “Assessing Validity and Application Scope of the Intrinsic Estimator 
Approach to the Age-Period-Cohort (APC) Problem”. Demography 2013; 50(6): 1977-1979.



14

[23] O’Brien R. Comment of Liying Luo’s Article, “Assessing Validity and Application Scope of the Intrinsic 
Estimator Approach to the Age-Period-Cohort Problem”. Demography 2013; 50(6):1977-1979.

[24] Pearl J. Causality: Models, Reasoning, and Inference. Cambridge: Cambridge University Press; 2000.

[25] Spirtes P, Glymour C, Scheines R. Causation, Prediction and Search. The MIT Press: Massachusetts: 
Cambridge; 2001.

[26] Keil AP, Edwards JK, Richardson DB, Naimi AI, Cole SR. The parametric g-formula for time-to-event data: 
intuition and a worked example. Epidemiology. 2014;25(6):889-97.

[27] Glymour MM. Chapter 16: Using causal diagrams to understand common problems in social epidemiology. 
In: Methods in Social Epidemiology (Oaks JM and Kaufman JS, eds.); San Francisco, CAL: Jossey-Bass; 
2006: 387-422.







Part 1.
Age-period-cohort approach  
to statin utilization






