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Chapter 1 

General introduction and outline 
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his millennium started with the complete sequencing of the human 

genome1. Although a huge leap forward in genetic research, the ability 

to sequence the human genome was only the beginning of an incredibly 

complex journey to crack the genetic code. Most people are well aware 

that the physical resemblance between family members is in part due to 

genetic factors. Conversely, physical differences within a population can 

be attributed to genetic variation. Despite the similarity in genetic 

profiles of humans, the variation in genetic code among people is 

enormous as the diversity of physical appearances testify. However, the 

influence of our molecular code is not limited to physical appearance. 

Like many human behaviors, psychiatric disorders show a significant 

heritable component2. For example, the heritability of schizophrenia has 

been estimated at 60-80%3, 4, meaning that 60-80% of the disease 

liability for this chronic psychiatric disorder can be explained by genetic 

variation. 

Unraveling the biological processes that link genetic variation with 

increased risk of psychiatric illness is the primary aim of the field of 

psychiatric genetics. However, genetic variation can be studied from 

different perspectives. While molecular genetics focuses on biological 

and biochemical models of genetic processes, statistical genetics focuses 

on the identification of statistical relationships between genetic variation 

and a phenotype of interest. Different types of genetic variation exist, 

ranging from insertions and deletions of relatively large chromosomal 

regions to single nucleotide polymorphisms (SNPs), which are single 

DNA letters that are different in part of the population. Despite the 

many types of genetic variation, this thesis will focus solely on the role 

of SNPs that occur frequently in the population. The aim of this thesis is 

to investigate some of the methods of statistical genetics, apply them in 

the context of psychiatric disorders, and suggest improvements. 
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The thesis consists of three parts. Part I (Chapters 2-3) provides an 

overview of two types of studies in psychiatric genetics. In the last 

decade enormous progress has been made in revealing the genetic 

complexity of psychiatric disorders. The possibility of analyzing millions 

of genetic variants in large samples has revealed the complexity of the 

relationship between genetics and psychiatric illness. Most notably, the 

Schizophrenia Working Group of the Psychiatric Genomics Consortium 

(PGC) has collected and analyzed samples with tens of thousands of 

subjects5. Such genome-wide association (GWA) studies analyze all 

common genetic variants without a prior hypothesis which genetic 

variants are related to a disorder. In Chapter 2 we review the most 

important findings of this data-driven approach for schizophrenia. 

Data-driven approaches like GWA studies require very large sample 

sizes to achieve sufficient power, due to the stringent multiple testing 

correction required. Often detailed phenotypic information related to 

psychiatric disease has only been assessed in relatively small samples. 

For example, a detailed record of neuropsychological data assessed in a 

relatively small sample of patients can be very informative. As we will 

show in Chapter 3, in small-scaled studies a data-driven genome-wide 

approach is unfeasible due to lack of power and a hypothesis-driven 

candidate-gene study may be a better alternative. Chapter 3 discusses 

in detail advantages, disadvantages, and other considerations when 

performing a candidate-gene study. 

Part II (Chapters 4-5) provides two examples of empirical studies in 

psychiatric genetics. As an example of a GWA study, we have performed 

a large meta-analysis of 11 association studies on lifetime cannabis use, 

including a total of 24,916 subjects and performed a replication using 

two replication samples including a total of 3,310 subjects (Chapter 4). 
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An important advantage of GWA meta-analysis is an increase in power 

due to the larger total sample size. 

Results from a large well-powered GWA study can be reused for other 

purposes. For example, in genetic risk prediction GWA results from a 

discovery sample are used to predict disease status in an independent 

replication sample6. The explained variance in the replication sample is a 

measure of genome-wide genetic overlap between the two samples. In 

Chapter 5 we illustrate this approach to assess the genetic overlap 

between schizophrenia on one hand and three immune disorders on the 

other hand to test the currently popular hypothesis that schizophrenia 

and immune disorders have a shared genetic basis5-7. 

Statistical conclusions assume that the models on which they are based 

are correctly specified. In Part III (Chapter 6-8) the implications of 

model misspecification in statistical genetics are discussed in three 

settings. Psychiatric disorders are complex disorders that are influenced 

by a large number of genes. For pragmatic reasons it is common in GWA 

studies to analyze genetic variants one at a time, assuming no other 

genetic risk variants exist. Chapter 6 investigates the implications of this 

assumption in GWA analyses of dichotomous phenotypes.  

Although many GWA studies focus on disease risk, it is also possible to 

investigate time to disease onset. In fact, for many disorders it is very 

well possible that a genetic variant influences both disease risk as well 

as time to disease onset. Traditional survival analysis and logistic 

analysis do not take this into account. In Chapter 7 we investigate the 

implications of performing a traditional survival analysis of genetic 

variants that influence both disease risk and disease onset and show 
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how cure survival analysis can be used to estimate both survival and 

logistic effects in a single analysis. 

Finally, in Chapter 8 we discuss the issue of ignoring epistasis in 

statistical genetic modeling. Statistical epistasis is the presence of 

interactions between genetic variants in the statistical model. Zuk and 

colleagues8 used the highly epistatic limiting pathway model to argue 

that epistasis could inflate the heritability estimates from twin studies 

and other family studies. However, there are theoretical and pragmatic 

reasons that support the common practice of ignoring epistasis in 

analysis models. In Chapter 8 we investigate under what assumptions 

the epistatic limiting pathway model results in inflated heritability 

estimates. 

Chapter 9 concludes with a summary and general discussion of the 

results of the studies presented in this thesis. 

  


