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Part 1 Introduction and outline

validate these findings in a more homogeneous group of patients with recent 
onset schizophrenia. Therefore, this thesis has the following aims regarding 
structural abnormalities in schizophrenia:

1. to identify the differences in subcortical brain volumes between patients 
with schizophrenia and healthy controls (Chapter 2.1),

2. to identify brain volume differences between a homogeneous cohort of 
patients with recent onset schizophrenia and healthy controls (Chapter 2.2).

What is the effect of cannabis use on (the development 
of) schizophrenia?
In patients with recent onset schizophrenia, cannabis use disorders  (CUDs) 
are highly comorbid. A large community-based study showed that 47% of 
patients with a psychotic disorder had a history of substance use disorders 
(Regier et al., 1990). Co-morbidity with cannabis use  disorders  is especially 
common in (young) patients with recent onset schizophrenia, with prevalence 
estimates of 23% for current use and up to 42% of lifetime use in patients with a 
psychotic disorder (Green et al., 2005). Cannabis use has the highest prevalence 
in male patients (Dekker et al., 2008), and is associated with an unfavorable 
outcome (Foti et al., 2010). In addition, patients who used cannabis were found 
to have an earlier age at onset of their first psychotic episode, suggesting that 
cannabis may trigger the onset of schizophrenia (Dekker et al., 2012). Recent 
reviews on the association between cannabis use and risk of developing a first 
psychotic episode show that cannabis use is associated with roughly a twofold 
increased risk of developing psychosis (Burns, 2013, Casadio et al., 2011). This 
risk increases to almost threefold when individuals use high potency cannabis 
(Di Forti et al., 2015), which is suggestive of a dose-response effect. However, 
the precise relationship between cannabis use and increased risk status for 
developing psychosis (Ultra-High Risk, or UHR status, a geneticcaly increased 
risk or presence of subcliknical symptoms) is yet unclear. We will explore this 
question in chapter 3.1 of this thesis.

Patients with schizophrenia have morphological differences compared to 
healthy subjects, as stated in chapters 2.1 and 2.2. However, whether these 
volume alterations are modulated by a comorbid CUD is unclear. We will 
explore this question in chapter 3.2 of this thesis. Therefore, with regard to 
cannabis use in patients with schizophrenia, this thesis has the following two 
aims:

1. GENERAL INTRODUCTION AND OUTLINE 

OF THE THESIS 

What are the structural brain alterations in 
schizophrenia?
Schizophrenia is a  mental disorder  affecting  about 0.7% of the general 
population  (McGrath et al., 2008).  It is more prevalent in males than in 
females (Aleman et al., 2003) and the age of onset lies between 16 and 35 
years old.  The disease is characterized by psychotic episodes. During these 
psychotic episodes patients suffer from symptoms like hallucinations (false 
perceptions), delusions (false believes) and disorganization. Other symptoms 
like avolition, affective flattening and social withdrawal are common, and are 
often predominating in the time periods in between psychotic episodes.

Despite intensive research, much is still unclear regarding the neuropathology 
of schizophrenia.  Individuals with schizophrenia show significant brain 
neuroanatomical abnormalities compared to healthy control subjects (Van 
Erp et al., 2015). In chapter 2.1 of this thesis, the profile of structural brain 
abnormalities in schizophrenia is explored, focusing on subcortical brain 
structures. For this study, at 15 centers worldwide (of which the Academic 
Medical Centre Amsterdam was one), 2028 schizophrenia patients and 
2540 healthy control subjects were assessed using standardized functional 
imaging methods. This new, collaborative data approach led to interesting 
results and highlights the importance of data sharing. We found considerable 
heterogeneity in the effect sizes and patterns of brain differences across 
studies. One explanation for this heterogeneity is variation across samples 
regarding illness duration: most studies focused on brain volumes in patients 
in advanced stages of schizophrenia. This is problematic for two reasons. One, 
because several studies have proposed that schizophrenia is a progressive brain 
disorder (Van Haren et al., 2008); and two, because chronic patients often have 
a long and variable antipsychotic medication history and frequently report 
dependence on drugs such as cannabis (Green et al., 2005), both of which can 
affect brain volumes (Fusar-Poli et al., 2013; Zipursky et al., 2012).
 
Therefore, in chapter 2.2 of this thesis, we explore whether these 
neuroanatomical abnormalities are already present at an early stage of 
schizophrenia. Taken together we first wanted to identify the profile of 
subcortical brain abnormalities in schizophrenia and second we aimed to 
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exposure was inversely correlated with hippocampal (Cousijn et al., 2012) and 
prefrontal volumes (Lorenzetti et al., 2013; Yücel et al., 2008). However, none of 
these cross-sectional studies allow a conclusive distinction between the role 
of cannabis use as either a cause or a consequence of brain abnormalities, and 
longitudinal neuroimaging studies are lacking. We aim to fill this gap with the 
present thesis, in which we study whether heavy cannabis use has an effect 
on GM development over time (chapter 4.2). In addition, we decided to take 
a closer look at both hippocampal volumes and shape, as the hippocampus is 
one of the regions most consistently mentioned in the literature as a region 
that is vulnerable for the effects of cannabis use (chapter 4.3). Therefore, to 
identify the effects of continued cannabis use in the healthy population, this 
thesis aims to:

1.  identify whether (problems related to) continued cannabis use after three 
years can be predicted by brain activity elicited by a cannabis related cue 
(chapter 4.1),

2.  identify whether cannabis use over time is related to changes in grey matter 
volumes (Chapter 4.2) and hippocampal volume and shape (chapter 4.3) 
and whether these volume changes are related to changes in severity of 
problems and levels of cannabis exposure.

Reasons for studying structural brain alterations
All chapters of this thesis (except chapter 3.1) use brain-imaging techniques 
to assess alterations in  regional brain  volumes. As stated by the science 
fiction author Arthur Clarke: “Any sufficiently advanced technology is 
indistinguishable from magic”. Although magnetic resonance imaging (MRI) 
is definitely not magical, capturing in-vivo brain images is relatively new and 
advancing rapidly with the development of more elaborate hardware and 
software programs. MRI (more specifically, high-resolution T1-weighted MRI; 
also called structural MRI or sMRI) is the most common method for depicting 
structural properties of the brain, like the volume and shape of brain regions. 
Analytical approaches such as voxel-based morphometry (VBM, Ashburner 
& Friston, 2000) allow the assessment of differences in grey matter volume 
between groups of subjects, as will be done in chapter 4.2. More advanced 
analysis and comparisons of shape changes can be done by means of software 
such as FreeSurfer (Fischl, 2012) (as we will use in chapter 2.1, 2.2, and 3.2) 
or by tracing the outline of a brain region manually, which will be done in 
chapter 4.3. 

1. to identify if cannabis use increases the risk in Ultra-High Risk people to 
develop a psychotic episode in a dose-response manner (Chapter 3.1),

2. to investigate if comorbid cannabis use affects brain volumes in patients 
with schizophrenia (Chapter 3.2).

Are there structural brain alterations in healthy people 
with heavy cannabis use, and can we identify underlying 
mechanisms of continuation of cannabis use?
Cannabis is the most popular used drug worldwide, with cannabis users being 
an estimated 2.8 - 4.5% of the global population in the general population 
worldwide. In Western and Central Europe these prevalence numbers are even 
higher (7.1% of the population uses cannabis) (Degenhardt and Hall, 2012). Use 
of this drug has been associated with a range of adverse effects on adolescent 
psychosocial development and mental health (Hall and Degenhardt, 2009). 
Little is known about the underlying mechanisms of continued cannabis use 
and transition to cannabis dependence. In chapter 4.1, we explore whether 
the neural reaction to substance related cues (i.e. cue-reactivity) is a predictor 
of continued cannabis use and of associated problem severity three years later.

With regard to neuroanatomical brain abnormalities, inconsistent results 
have been found in cannabis users. Cross-sectional neuroimaging studies 
suggest that chronic cannabis exposure and the development of cannabis use 
disorders may affect brain morphology (Lorenzetti, Lubman, Whittle, Solowij, 
& Yücel, 2010; Lorenzetti et al., 2013). For example, several cross-sectional studies 
have shown that regular cannabis use is associated with smaller GM volumes 
in medial temporal regions (e.g. hippocampus and amygdala) and parts of 
the prefrontal cortex, and with increased GM volume in the cerebellum (for 
reviews, see Lorenzetti et al., 2010; Lorenzetti et al., 2013; Matochik et al., 2005; 
Yücel et al., 2008). Yet, conflicting results have also been reported, with several 
studies showing no morphological brain differences between regular cannabis 
users and non-cannabis using controls (Block et al., 2000; Cousijn, Wiers et al., 
2012; DeLisi et al., 2006; Jager et al., 2007; Medina et al., 2009; Tzilos et al., 2005; 
Weiland et al., 2015), and some others reporting even larger regional brain 
volumes in cannabis users compared to controls (Cousijn et al., 2012; Gilman 
et al., 2014; Matochik et al., 2005). These conflicting results may be related to 
differences in cannabis exposure and/or differences in severity of cannabis 
dependence across studies (Lorenzetti et al., 2013; Rocchetti et al., 2013). 
Previous studies showed that amygdala volume was inversely correlated with 
cannabis related problems (Cousijn et al., 2012) and that cumulative cannabis 
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There are several reasons why I choose to focus on the structural properties of 
the brain. First, it is less time consuming for the participants than functional 
MRI. Therefore, it is used more often for clinical purposes, making it possible 
to identify profiles of structural alterations in patient groups. Second, 
availability of numerous structural MRI scans of patients enables the study 
of factors that modulate regional brain volumes. Third, identifying structural 
abnormalities will give clues regarding functional abnormalities, because the 
central assumption of structural MRI is that the structure of the brain is related 
to functional alterations. For example: according to the ‘structure/function’ 
hypothesis, smaller hippocampal volumes (which is a brain area related to 
memory function) will lead to memory dysfunction. Several findings support 
this structure/function hypothesis. Segall et al. (2012) combined structural 
and functional resting state MRI in a large sample of healthy adults, meaning 
they examined both the structure and function of the brain in rest. Segall 
et al. found a strong positive relationship between volume and activity of 
brain regions. Other studies evaluated the structure/function relationship in 
pathological conditions (for a review, see Schultz et al., 2012). In general, most 
studies demonstrated relationships in the same direction: stronger structural 
alterations are associated with stronger functional disturbances (Schultz et 
al., 2012). Taken together, identifying structural abnormalities may provide 
clues concerning the influence of environmental exposure (e.g. drug use, 
presence of illness) on brain volume/shape as well as the interaction between 
environmental exposure and individual vulnerability in brain volume or shape. 

Aim and outline of this thesis
The overall aim of the studies described in this thesis was to evaluate the 
effect of cannabis use on structural brain measures, both in the general 
population and in a population of patients with recent onset schizophrenia. 
We did so using structural MRI, utilizing several different analytical 
techniques (automated processing: VBM and Freesurfer, and manual tracing 
of hippocampal volumes). 

We will first describe the structural brain alterations in schizophrenia (part 
2, chapter 2.1 and 2.2). Subsequently, we will describe the effect of cannabis 
use on schizophrenia, and on the development of schizophrenia (part 3, 
chapter 3.1 and 3.2). Last, we will describe the structural brain alterations 
and underlying brain mechanisms predicting persistence of use in healthy 
people with cannabis use (part 4, chapter 4.1, 4.2 and 4.2). 


