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1.1 
 

 

 
 
 

Part  I : General Introduction 

 

 

 

Chapter 1.1:  
General introduction and outline of the thesis 

Schizophrenia 

Schizophrenia is a severe and disabling mental disorder with a heterogeneous clinical 
appearance. In most patients the disease has a chronic course and is characterized by 
psychotic episodes. During these psychotic episodes patients suffer from so-called positive 
symptoms which relate to hallucinations, delusions, bizarre behaviour and disorganisation. 
Negative symptoms relate to the absence of functions normally present in the healthy 
population, including avolition, affective flattening and social withdrawal. Positive 
symptoms are in general easy to detect and relatively easy to treat, whereas negative 
symptoms are more difficult to treat and often most disabling. Other symptoms that are 
often present, although not specific for schizophrenia, are general symptoms such as 
depression, anxiety and cognitive impairments. Schizophrenia is more prevalent in males 
than in females (1.43 times increased risk) (Aleman et al 2003). Females tend to have a 
later disease onset, better social functioning, less negative symptoms and a more favorable 
course of the illness (Abel et al 2010, Nasrallah et al 1990). 

Some risk factors for the development of schizophrenia have been identified: 
genetic vulnerability (e.g. having a family member with schizophrenia) and environmental 
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adversity such as obstetric complications, growing up in an urbanized area, being part of a 
minority group, developmental trauma and using cannabis at a young age (van Os et al 
2010). However, despite intensive research, much is still unclear regarding the 
neuropathology of schizophrenia. Molecular imaging studies have shown that psychotic 
symptoms in schizophrenia are associated with increased dopamine release in the ventral 
striatum and reduced dopamine levels in the prefrontal cortex (Howes et al 2012). 
Dopamine is a neurotransmitter involved in the facilitation of appropriate actions and the 
suppression of inappropriate actions via the so-called direct and indirect pathways, 
respectively (Maia and Frank 2011). In the ventral striatum, high levels of dopamine are 
thought to increase salience of processed stimuli by stimulating the indirect pathway which 
also decreases the suppression of inappropriate actions. Persistent high levels of striatal 
dopamine may result in assigning inappropriate salience and motivational significance to 
external and internal stimuli (de Haan and Kapur 2003, Kapur 2003). According to this 
aberrant salience theory, hallucinations result from the abnormal salience of the internal 
representations of perceptions and memories, whereas delusions are thought to be a 
cognitive explanation that the individual attaches to these experiences (Kapur 2003). 
Negative symptoms have been found to be associated with low dopamine levels in the 
frontal regions of the brain, resulting in dysfunction of the prefrontal cortex (Waltz et al 
2007). 

In patients with schizophrenia decreases in grey and white matter volume and 
increases in ventricular volume have been described (Shepherd et al 2012, Thomason and 
Thompson 2011). Most of these brain changes are thought to increase over time and could 
be influenced by the use of antipsychotic medication (Shepherd et al 2012, Thomason and 
Thompson 2011). 
 
Poly unsaturated fatty acids 

(Poly) unsaturated fatty acids (PUFA) are present in cell membranes in every tissue of the 
body, including neurons in the brain. In patients with schizophrenia decreased PUFA 
concentrations have been indentified. Because myelin, which is one of the main 
components of white matter in the brain, consists mostly of lipids, decreased PUFA 
concentrations may represent white matter brain tissue loss or abnormalities. In patients 
with schizophrenia, changes in white matter integrity have indeed been found which are 
already present in the early phase of the disease (Peters et al 2010). Decreased PUFA 
concentrations may modulate changes in white matter integrity. In a small pilot study a 
correlation between total PUFA concentration and white matter integrity was found (Peters 
et al 2009) rendering supplementation of fatty acids a treatment option. However, studies 
on supplementation of polyunsaturated fatty acids in patients with schizophrenia have 
yielded inconclusive results (Irving et al 2006). In patients at ultra high risk of psychosis, 
supplementation of fatty acids decreased the risk of transition to psychosis (Amminger et al 
2010).  
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1.1 
Comorbidity with cannabis abuse 

A large community-based co-morbidity 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) recent onset schizophrenic patients 
with the highest prevalence in male patients (Dekker et al 2008). Because most patients use 
cannabis before the onset of the psychotic disorder (Bersani et al 2002, Machielsen et al 
2010) and patients using cannabis have an earlier age of onset of the psychotic disorder 
(Bersani et al 2002, Buhler et al 2002, Dekker et al 2012b, Mueser et al 1990), cannabis 
use is generally seen as a risk factor for the development of a psychotic disorder. Age of 
onset and frequency of cannabis use have been found to affect the risk of developing 
schizophrenia (Arseneault et al 2002, Cohen et al 2008, Malone et al 2010).   
 In patients with schizophrenia, co-morbidity with cannabis use disorders is found 
to be associated with worse outcome (Caspari 1999, Linszen et al 1994, Moore et al 2007, 
van Dijk et al 2012). Discontinuation of cannabis use has been found to improve outcome 
and is therefore an important target in the treatment of schizophrenia (Grech et al 2005). 
This is supported by the findings of González-Pinto et al. (Gonzalez-Pinto et al 2011), who 
performed a longitudinal study in which patients with and without cannabis abuse were 
followed over time. While at baseline no differences in clinical characteristics were found, 
patients who stopped using cannabis improved significantly more than patients who never 
used cannabis and those who continued to use cannabis. It has therefore been suggested that 
patients with comorbid cannabis use might represent a subgroup of patients that is 
intrinsically less vulnerable for schizophrenia compared to patients who never used 
cannabis. Once triggered, a drug-induced non-affective psychotic illness may be 
indistinguishable from a psychotic illness not related to cannabis use, although premorbid 
functioning may be better. In line with this hypothesis, it has consistently been reported that 
patients using cannabis performed better on several cognitive domains compared to non-
cannabis-using patients, suggesting that comorbid cannabis use disorders are associated 
with a superior cognitive profile in schizophrenia spectrum disorders (Nasrallah et al 1990, 
Olabi et al 2011). Since the association between cannabis use and enhanced cognitive 
functions has consistently been found, a neuroprotective role of cannabis has been 
suggested. However, in a study of Rais et al. (Rais et al 2010) volume decreases in patients 
using cannabis were found at follow up while no volume decreases were apparent at 
baseline, suggesting that long-term cannabis use may have neurotoxic rather than 
neuroprotective effects (Hill et al 2009).  

Craving for cannabis 
Craving, described as the urge to take a drug, is considered a key feature of substance use 
disorders, contributing to its continuation and to relapse after a period of abstinence 
(Franken 2003, Robinson and Berridge 1993). Reducing craving could therefore help 
patients to stop cannabis use. 
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 In this thesis three different processes will be distinguished which are thought to 
be involved in craving. First cue-elicited craving, a process in which conditioned stimuli, 
associated with the substance of abuse, induce a similar brain response as the actual usage 
of this substance. The craving-related increase in available dopamine is thought to elicit 
increased activation in dopaminergic innervated regions such as the ventral striatum, 
amygdala, insula, anterior cingulate cortex, thalamus and orbitofrontal cortex (Chase et al 
2011, Kuhn and Gallinat 2011, Naqvi and Bechara 2010). Associations between cue-
reactivity associated brain responses in these regions and subjective craving have been 
described (Chase et al 2011, Kuhn and Gallinat 2011). However, some patients seem to 
remain unaware of the cue-reactivity and do not experience craving, which impedes studies 
on the effects of subjective craving (Marissen et al 2006a, Sayette et al 2000). The second 
process related to craving in this thesis is attentional bias, which is the involuntary shift of 
attention towards substance related stimuli. This is probably associated with a phasic 
increase of dopamine in the ventral striatum (Robinson and Berridge 1993). Enhanced 
attentional processing of motivational relevant cues has been considered the ‘core process’ 
of addiction (Robinson and Berridge 1993). Its relation to subjective craving, however, has 
been questioned (Field et al 2013a, Field et al 2013b, Field et al 2009, Schoenmakers and 
Wiers 2009). The low sensitivity for non-drug rewards, which is thought to be a 
characteristic of all substance use disorders, can be seen as a third process underlying 
craving or substance abuse. Repeated use of a drug is thought to increase the salience of 
that drug at the expense of non-drug rewards. This lack of sensitivity for non-drug rewards 
is found to be associated with reduced dopamine D2 receptor availability in the ventral 
striatum (Volkow et al 1999). It is unknown whether differences in reward processing 
precede substance use disorders or are caused by substance use disorders, but – based on 
pre-clinical studies – it is most likely that reduced dopamine D2 receptor availability is both 
a cause and a consequence of (excessive) drug use (Volkow et al 1999).   

Antipsychotic medication 

Of all psychotropic medications, antipsychotics are among the most effective treatments 
(Leucht et al 2012). The main target of antipsychotic medication is the ventral striatum in 
which dopamine D2 receptors are (partially) blocked. However, there is a large diversity 
between various antipsychotics in the extent and persistence in which these receptors are 
blocked. Typical antipsychotics (such as haloperidol) have high dopamine D2 occupancy 
rates, low dissociation rates and low dopamine D1/D2 receptor occupancy ratios (Kuroki et 
al 2008, Seeman 2002, Tauscher et al 2004). This strong affinity for dopamine D2 receptors 
is not specific for the ventral striatum. When dopamine D2 receptors in frontal regions are 
blocked, antipsychotics could increase negative symptoms which have been found to be 
associated with low levels of dopamine in the prefrontal cortex. Other side effects of 
antipsychotics are extrapyramidal symptoms and hyperprolactinemia which are also caused 
by the extensive dopamine D2 receptor blockade. Although atypical antipsychotic 
medications also block dopamine D2 receptors, there is a high variance in their dopamine 
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1.1 
D2 occupancy rates, dissociation rates and dopamine D1/D2 receptor occupancy ratios. 
While the affinity to the dopamine D2 receptors of risperidone is comparable to that of 
haloperidol, clozapine has a low dopamine D2 occupancy rate, high dissociation rate and 
high dopamine D1/D2 receptor occupancy ratio. The characteristics of most other atypical 
antipsychotics, such as olanzapine, are in between these two medications (Burns 2001, 
Kuroki et al 2008, Seeman 2002, Tauscher et al 2004). Although clozapine may have 
severe side effects (such as orthostatic hypotension, constipation, hypersalivation and a risk 
of severe reduction in white blood cell count), it is found to be more effective on both 
positive and negative symptoms,  especially in treatment refractory patients (Meltzer 2012). 
Clozapine has also been put forward as medication of first choice in the treatment of 
patients with schizophrenia with comorbid substance use disorders, however firm evidence 
for clozapine’s superiority is lacking (Smelson et al 2008, Wobrock and Soyka 2008). It is 
unknown why clozapine is such an effective medication compared to other antipsychotics. 

Aim of the thesis 

The overall aim of the studies described in this thesis was to increase our understanding of 
schizophrenia, co-morbid cannabis use disorders and of the effect of different antipsychotic 
medications in patients with schizophrenia and a comorbid cannabis use disorder. Therefore 
we studied clinical characteristics, aspects of brain structure and function and we reviewed 
the literature. This thesis is subdivided in five parts, of which the introduction is the first.  
 
Part II: In this part of the thesis we describe the relationship between schizophrenia and 
brain structure and the association between polyunsaturated fatty acid concentration and 
myelin integrity in patients with a psychotic disorder.  
In chapter 2.1 brain volumes, cortical thickness and cortical surface area will be compared 
between patients with recent onset schizophrenia and healthy controls. We will also study 
the association between brain volume and illness duration. 
In chapter 2.2 we will study the association between polyunsaturated fatty acid 
concentration and myelin integrity in patients with recent onset psychotic disorders. 
 
Part III: In this part of the thesis we focus on the relationship between comorbid cannabis 
disorders in patients with schizophrenia and (pre-) psychotic symptoms and structural brain 
changes.  
In chapter 3.1 we will study the relationship between cannabis use and (pre-) psychotic 
symptoms in subjects at ultra high risk for the development of psychosis and patients with a 
psychotic disorder.  
In chapter 3.2 we will evaluate the relationship between cannabis use disorders and 
regional brain volumes, cortical thickness and cortical surface area in patients with recent 
onset schizophrenia.  
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Part IV: This part of the thesis contains two reviews of the literature concerning functional 
differences in brain processes associated with substance use disorders in non-schizophrenic 
patients.   
In chapter 4.1 we will discuss the influence of substance use disorders on inhibitory control 
and error processing related brain activation. Inhibitory control and error-processing are 
two core components of cognitive control that are associated with specific neural networks 
(Ridderinkhof et al 2004b). We will evaluate the consistency of findings of fMRI and ERP 
studies investigating inhibitory control and error-processing in the major classes of 
substance dependent populations. To contribute to the ongoing discussion concerning 
differences and similarities between substance dependence and other excessive behaviors 
that have been proposed to be related to addiction (such as pathological gambling, 
excessive eating or excessive computer game playing or internet use) we will also discuss 
results of studies in populations with behavioral addictions. 
In chapter 4.2 we will review the influence of substance use disorders on non-drug reward 
related brain activation in fMRI studies. Reward processing is thought to consist of two 
stages, the anticipation and the outcome phase. It has been proposed that substance use 
disorders differentially affect these processes (Bjork et al 2008). Therefore we will evaluate 
whether SUD differently affects the two stages of processing of non-drug reward. To study 
the clinical importance of the processing of non-drug rewards, we will evaluate if the brain 
activation in response to non-drug reward is associated with clinical measures or treatment 
outcome. 
 
Part V: In this part we will compare the effects of different antipsychotics on substance 
abuse, craving and its related brain activation in patients with schizophrenia.  
In chapter 5.1 we present a review of the literature. Studies will be discussed in which the 
effects of clozapine and risperidone on substance use disorders are reported.  
In chapter 5.2 we will study the difference between treatment with risperidone, olanzapine 
or clozapine in terms of subjective craving for cannabis in a large sample of patients with 
schizophrenia in a cross-sectional design. 
In chapters 5.3-5.5 we present the results of an fMRI study in patients with recent onset 
schizophrenia with and without cannabis use disorders who were randomised to treatment 
with either clozapine or risperidone. In these three chapters, differential effects on craving 
related brain processes between clozapine and risperidone treated patients will be discussed. 
In chapter 5.3 a classical and a cannabis Stroop tasks will be used to measure the effect of 
different antipsychotics on attentional bias. 
In chapter 5.4 we describe the effect of different antipsychotics on a cue reactivity task 
using cue reactivity related brain activation as the primary outcome. 
Finally, in chapter 5.5 we will present and discuss the effect of different antipsychotics on 
non-drug reward processing. 
 


