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Part VI: Summary and Discussion 

 

 

 

 
 

 

Chapter 6.1  

Summary and general discussion 

Summary 
In this thesis we focused on 11 research questions pertaining to schizophrenia and 
schizophrenia with comorbid cannabis use disorders, including the relation between 
cannabis use disorders and brain structure and function and the effects of different 
antipsychotic medications. The aim was to increase our understanding of schizophrenia, co-
morbid cannabis use disorders and of the effects of antipsychotic medication in patients 
with schizophrenia and a comorbid cannabis use disorder. In this final chapter, we 
summarize the main findings of the studies, discuss the strengths and limitations and 
present some final conclusions and recommendations for clinical practice and future 
research. 
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Chapter 2.1: Brain volume, cortical thickness and cortical surface area in recent onset 
schizophrenia: a cross-sectional sMRI study  
In this chapter, the brain volumes of a large cohort of patients with recent onset 
schizophrenia and matched healthy controls were compared. Patients with recent onset 
schizophrenia showed widespread decreases in grey matter volume in most a priori defined 
brain regions (putamen, amygdala, anterior cingulate cortex, posterior cingulate cortex, 
fusiform gyrus, parahippocampal gyrus, superior temporal gyrus and insula), mainly due to 
cortical thinning. These findings are consistent with the literature (Shepherd et al 2012, 
Steen et al 2006, Vita et al 2006) and demonstrate that reduced brain volumes are already 
present in patients with recent onset schizophrenia. In contrast to previous studies, we 
found similar brain changes in males and females, which may be explained by the 
comparable illness severity for both genders in our sample. Illness duration was positively 
correlated with the volume of the lateral ventricles and negatively associated with grey 
matter volume of the caudate. These findings are consistent with a progressive brain tissue 
loss in the early phase of schizophrenia and support the view that schizophrenia is a 
neurodevelopmental disorder.  
 
Chapter 2.2: Polyunsaturated fatty acid concentration predicts myelin integrity in 
recent-onset psychosis  
The influence of polyunsaturated fatty acid (PUFA) concentration on myelin integrity was 
evaluated in a DTI study of recent onset schizophrenia patients. We hypothesized that 
lower membrane PUFA concentrations are related to reduced white matter integrity in 
schizophrenia. We found that reduced total PUFA concentration was indeed associated with 
lower fractional anisotropy (FA) throughout the corpus callosum and bilateral parietal, 
occipital, temporal and frontal white matter, suggesting that a generalized disturbance of 
membrane PUFA metabolism is involved in white matter abnormalities in schizophrenia. 
Greater severity of negative symptoms was associated with lower nervonic acid 
concentration and lower FA values, which is consistent with findings in patients at ultra 
high risk for psychosis (Amminger et al 2010). Moreover, previous DTI studies found that 
reduced frontal FA was related to severity of negative symptoms (Szeszko et al 2008) and 
that omega-3 fatty acid improved negative symptoms in patients with a first psychotic 
episode (Berger et al 2008). As these effects were mainly driven by a decrease in radial 
diffusivity, decreased PUFA concentrations probably contribute to WM abnormalities 
through abnormal myelination.  
 
Chapter 3.1: Cannabis use in patients with a first psychotic episode and subjects at 
ultra high risk of psychosis: impact on psychotic and pre-psychotic symptoms 
The influence of cannabis on (pre-) psychotic symptoms was studied in patients in the early 
phase of  a psychotic disorder and in ultra high risk subjects. It was found that 45% of the 
patients with a psychotic disorder and 27% of the ultra high risk (UHR) subjects had a co-
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morbid cannabis use disorder. This was consistent with the existing literature (Compton et 
al 2004, Kristensen and Cadenhead 2007, Phillips et al 2002). 

Contrary to our expectations, no significant differences in psychotic symptoms 
between patients with and without a cannabis use disorder were found in this study. An 
explanation for this negative finding could be that cannabis use is not related to psychotic 
symptoms in the early phase of the disease. In the literature mixed findings have been 
reported. Although in a review a positive association was found between the use of 
cannabis and psychotic symptoms (Moore et al 2007), other studies reported less severe 
negative symptoms in patients with comorbid cannabis use disorders (Bersani et al 2002, 
Compton et al 2004) or reported no significant differences on any symptom scale (Dervaux 
et al 2003, Scheller-Gilkey et al 2002, van Dijk et al 2012, Zammit et al 2008). These 
inconsistencies could be related to methodological issues, such as differences in patient 
populations (first episode or chronic patients), terminology (having used cannabis only 
once or having a cannabis use disorder) and type of hospitalisation (inpatient or outpatient 
treatment settings).   

When patients with a substance use disorder other than cannabis use disorder were 
excluded in our study, patients with cannabis use disorder had higher scores on positive 
symptom scales compared to patients without any substance use disorder. A protective 
effect of other drugs on psychotic symptoms is not very likely and has not been described 
in the literature. The most plausible explanation for our finding is that patients with less 
severe positive symptoms represent a subgroup with a less severe psychotic disorder and a 
higher level of social functioning that is associated with a better access to more drugs, 
possibly because this group is more socially active and more successful in obtaining these 
(illegal) substances. 

UHR subjects with and without a cannabis use disorder did not differ on the 
overall severity of pre-psychotic symptoms. However, the amount of recently used 
cannabis was negatively correlated with scores on the pre-psychotic negative symptom 
subscale. To our knowledge, no other studies in UHR subjects with a cannabis use disorder 
found a decrease in negative symptoms (van der Meer et al 2012), however similar findings 
have been reported in patients with psychotic disorders and comorbid cannabis use 
disorders (Bersani et al 2002, Buckley et al 1994, Compton et al 2004, Dixon 1999, Peralta 
and Cuesta 1992). A decrease in pre-psychotic negative symptoms in subjects using 
cannabis is consistent with the self-medicating theory, but could also be a result of selection 
bias: UHR subjects with a cannabis use disorder could represent a subgroup that is less 
likely to develop negative symptoms compared to UHR subjects who never used cannabis. 
 
Chapter 3.2: Brain volume in male patients with recent onset schizophrenia with and 
without cannabis use disorders  
Although no major differences in symptoms were found between patients with and without 
cannabis use disorders we still decided to study the influence of cannabis use disorders on 
regional brain volumes. A comparison was made between patients with schizophrenia and a 
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comorbid cannabis use disorder (CUD), patients who used cannabis less than 5 times 
lifetime (NCUD) and healthy controls (HCs). As expected, we found smaller volumes of 
brain regions previously found to be involved in schizophrenia in both patient groups 
compared to healthy controls. However, contrary to our hypothesis, NCUD patients showed 
smaller volumes of the putamen and parahippocampal gyrus compared to CUD patients 
while no differences in symptom severity and other disease characteristics between NCUD 
and CUD patients were found. This finding is in contrast with most previous studies that 
found no differences or smaller volumes in CUD versus NCUD patients (Malchow et al 
2012), although some studies also reported larger volumes in CUD patients compared to 
NCUD patients (Potvin et al 2007, Schnell et al 2012). Importantly, our finding is in line 
with studies describing less cognitive impairments in CUD patients compared to NCUD 
patients (Meijer et al 2012a, Schnell et al 2012, Yücel et al 2012), suggesting that patients 
with a cannabis use disorder represent a subgroup of patients that is intrinsically less 
vulnerable for schizophrenia compared to patients who never used cannabis. Once triggered, 
a drug-induced psychotic illness may be clinically indistinguishable from a psychotic 
illness not related to cannabis use, although premorbid functioning may be better. This 
explanation is supported by a long-term follow-up study where volume decreases in 
patients using cannabis were found at follow up while no volume decreases were apparent 
at baseline (Rais et al 2010). 

Some authors have suggested that cannabis has a neuroprotective effect. However, 
we found a positive association between regional brain volume and age of onset of regular 
cannabis use, suggesting that cannabis use may impair normal brain development. This 
association between brain volume and age of onset of regular cannabis use has also been 
found previously in subjects without schizophrenia (Wilson et al 2000).  
 
Part IV: In chapter 4.1 and 4.2 studies on different brain processes involved in the 
development and persistence of substance use disorders in patients without a psychotic 
disorder are reviewed.  
  
Chapter 4.1: A systematic review of ERP and fMRI studies investigating inhibitory 
control and error processing in substance dependence and behavioral addictions 
In this systematic review neural deficits in the domains of inhibitory control and error-
processing in individuals with a substance use disorder or a behavioral addiction were 
evaluated. A total of 18 event-related potential (ERP) and 21 functional magnetic resonance 
imaging (fMRI) studies using the Stop Signal, Go/NoGo or Flanker task were included. 
The most consistent findings were lower N2, ERN and Pe amplitudes in addicted 
individuals compared to healthy controls and hypoactivation of the ACC, IFG and DLPFC. 
With regard to behavioral addictions, some evidence has been found for similar neural 
deficits, however, studies are scarce and results are inconclusive. Differences between the 
major classes of substances of abuse were identified and involved heightened neural 
responses to errors in alcohol dependent individuals versus weaker neural responses to 
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errors in other substance dependent populations. A possible explanation for this finding 
could be that alcohol dependent individuals often have comorbid internalizing 
psychopathology (i.e. anxiety disorders), which have been found to be associated with 
enhanced error processing. In line with most addiction theories, this review identified 
consistent abnormalities in prefrontal brain function in substance use disorders.  
 
Chapter 4.2: Processing of natural rewards in patients with a substance use disorder: 
A review of fMRI studies  
In this review, we focused on fMRI studies on non-drug reward processing in patients with 
a substance use disorder (SUD). In SUD patients, drug related stimuli seem to have 
acquired strong motivational properties at the expense of non-drug related stimuli (Carter 
and Tiffany 1999, Franken et al 2003, Kuhn and Gallinat 2011, Yalachkov et al 2010). We 
evaluated whether the processing of non-drug reward involved similar brain regions known 
to be involved in substance abuse and cue reactivity, and whether the brain response to 
reward anticipation and reward outcome was differentially affected in SUD patients. A total 
of 21 functional magnetic resonance imaging (fMRI) studies were included using cue 
reactivity paradigms with positive valenced stimuli, and monetary incentive delay (MID) 
tasks to measure brain response to non-drug reward. Similar brain regions were involved in 
the processing of drug related and non-drug related positive stimuli. Interestingly, while a 
blunted response to non-drug reward is generally suggested to be one of the main 
symptoms of substance use disorders, this was not confirmed in the current review as 
several studies found no differences between patients and healthy controls. Half of the 
studies did report decreased activation of the ventral striatum during anticipation of non-
drug reward in SUD patients while mostly similar activations were found in the ventral 
striatum of SUD patients and healthy controls during reward outcome. The combination of 
a decreased reactivity to positive valenced stimuli, a lowered anticipation to non-drug 
reward (i.e. anticipatory stage) and similar processing of reward outcome in the ventral 
striatum suggests that SUD differentially affects the different stages of reward processing in 
this brain region. 
 
Chapter 5.1: Differences in efficacy on substance abuse between risperidone and 
clozapine supports the importance of differential modulation of dopaminergic 
neurotransmission  
In the first chapter of the fifth part of this thesis, we performed a review of studies on the 
effects of risperidone and clozapine on substance abuse in patients with schizophrenia. Two 
studies (1 retrospective and 1 prospective observational) comparing clozapine and 
risperidone showed superior efficacy of clozapine. Moreover, all studies on the long-term 
effects of clozapine showed superior efficacy while those on risperidone showed more 
variable results. We propose that this differential effect could be explained by differences 
between clozapine and risperidone in its affinity to dopamine D2 receptors. While 
risperidone has a high dopamine D2 receptor occupancy rate, a low dissociation rate and a 
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low D1/D2 receptor occupancy ratio, clozapine has a low dopamine D2 receptor occupancy 
rate, a high dissociation rate and a high D1/D2 receptor occupancy ratio. A higher dopamine 
D2 receptor affinity could increase craving. Treatment with clozapine could therefore 
render patients less vulnerable for substance abuse and make it less difficult to quit 
substance abuse. Furthermore, it was found that both risperidone and clozapine reduced the 
subjective effects of acute drug administration. Because only few studies have examined 
these effects and no study directly compared risperidone to clozapine, no recommendations 
for antipsychotics could be made. Nevertheless, it is interesting to note that antipsychotics 
reduce the acute effects of drugs. This reduction is probably mediated by dopamine D1 and 
D2 receptor occupancy. 
 
Chapter 5.2: Differences in craving for cannabis between schizophrenia patients using 
risperidone, olanzapine or clozapine  
Here, we performed a naturalistic study in which cannabis craving was compared in 
patients with recent onset schizophrenia and comorbid substance use disorders treated with 
different antipsychotics: clozapine, risperidone and olanzapine (in equivalent doses). 
Patients treated with risperidone reported significantly more craving than patients treated 
with clozapine or olanzapine. No significant difference in craving between clozapine and 
olanzapine was found. These results are consistent with our expectations and findings in the 
literature (Akerele and Levin 2007, Green et al 2003, Kim et al 2010, Van Nimwegen et al 
2008).  
 
Chapter 5.3: The effect of clozapine and risperidone on attentional bias in patients 
with schizophrenia and a cannabis use disorder: an fMRI study  
After our finding of significantly more craving in patients treated with risperidone 
compared to patients treated with clozapine, we compared the effects of these 
antipsychotics on brain response related to the three different processes involved in craving 
mentioned in the introduction: attentional bias, cue-reactivity and reward processing.  

We first tested the effects of clozapine and risperidone on attentional bias as 
measured during a classical and a cannabis word Stroop task. Compared to patients treated 
with risperidone, clozapine treated patients showed a greater reduction in insula activation 
during the cannabis word Stroop and an associated greater reduction in subjective craving. 
Risperidone treated patients showed a larger decrease in activation of the anterior cingulate 
cortex during the classical Stroop task than clozapine treated patients. These findings 
suggest that clozapine or other atypical antipsychotics with a relatively low D2 occupancy 
rate, a relatively high dissociation rate and a relatively high D1/D2 receptor occupancy ratio 
are a better treatment option in patients with schizophrenia and a comorbid cannabis use 
disorder than other atypical and classical antipsychotics with a relatively high D2 
occupancy rate, a relatively low dissociation rate and/or a relatively low D1/D2 receptor 
occupancy ratio.  
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Chapter 5.4: Comparing the effect of clozapine and risperidone on cue reactivity in 
male patients with schizophrenia and a cannabis use disorder: a randomized fMRI 
study 
In this chapter we tested the effects of clozapine and risperidone on cue reactivity related 
brain activation and subjective craving in a randomized fMRI study. We found that 
treatment with clozapine was associated with a decreased brain response to cannabis related 
vs. neutral pictures in the right amygdala compared to treatment with risperidone. Because 
no differences were found between the clozapine and risperidone treated patients in 
response to positive pictures, the effects of clozapine were interpreted to be specific for 
drug related cues. Furthermore, compared to clozapine treatment, treatment with 
risperidone was associated with a larger response in the insula to cannabis related pictures 
vs. baseline. In the same region as well as the thalamus, a positive correlation with 
subjective craving and response to cannabis images was found. These findings suggest that 
a higher insula response to cannabis related pictures is related to craving and that 
clozapine’s craving reducing effect may be associated with an attenuation of the insula 
response to cannabis related pictures. While associations between cue reactivity and 
subjective craving have also been found in two meta-analyses, regions in which these 
associations were found appear to vary (Chase et al 2011, Kuhn and Gallinat 2011). This 
heterogeneity in results underlines the complexity of the relation between 
implicit/subconscious and explicit/conscious brain processes involved in cue-reactivity and 
craving.  
 
Chapter 5.5: The effect of clozapine and risperidone on reward processing in patients 
with schizophrenia: a randomized fMRI study 
In this chapter we tested the effects of risperidone and clozapine on reward processing in 
patients with schizophrenia. We found that patients treated with risperidone compared to 
patients treated with clozapine showed decreased activation of the right ventral striatum 
during delivery of reward. This finding is in line with our hypothesis and may be explained 
by clozapine’s lower affinity to the dopamine D2 receptor. We further found a positive 
correlation between PANSS positive symptoms and activation of the ventral striatum 
during reward outcome in patients and a negative correlation with PANSS negative 
symptoms. Associations between positive and negative symptoms and brain response to 
reward processing have been described previously (Dowd and Barch 2012, Esslinger et al 
2012, Nielsen et al 2012, Simon et al 2010). However, while other studies found a negative 
correlation with PANSS positive symptoms, we found the opposite. This could be 
explained by differences in task design: we used a task without an active performance 
component whereas earlier findings were obtained with a task with a performance 
component. It could be that increased striatal dopamine levels in patients result in overall 
increased salience attribution, which may be associated with an increased brain response to 
reward anticipation and outcome. An increased activation of the ventral striatum, associated 
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with positive symptoms was also found during resting state in patients with schizophrenia 
(Sorg et al 2013).  

Strengths and Limitations 
The studies described in this thesis have provided further insight in schizophrenia, co-
morbid cannabis use disorders and the effects of antipsychotic medication in patients with 
schizophrenia and a comorbid cannabis use disorder. For this we used different imaging 
techniques (fMRI, DTI, sMRI) and different analysis methods. The randomized controlled 
trial described in chapter 5.3-5.5 was designed to compare the effects of clozapine and 
risperidone on brain processes involved in substance abuse. Because three fMRI tasks were 
used, it was possible to compare the different effects of clozapine and risperidone on 
different cognitive processes involved in substance abuse. 

However, our results should be considered in the context of several limitations. 
Most limitations have been discussed in the relevant chapters, but a few that may have 
general implications are mentioned here. Firstly, the moderate sample sizes are a limitation 
for the studies described in several chapters (2.2, 5.3-5.5), i.e. observed effects need 
replication in new samples and expected but non-observed effect may have been missed 
and need to be studied in larger samples.   

Second, in the last chapters describing the fMRI studies, we only studied a small 
sample of patients with schizophrenia without a comorbid cannabis use disorder. A larger 
sample size would have allowed us to study differences between clozapine and risperidone 
in patients with and without a cannabis use disorder. This would have strengthened our 
conclusions, because this would have made it possible to make a clear distinction between 
the effects of medication and CUD comorbidity effects   
 Third, in the studies described in this thesis we only included patients with recent 
onset schizophrenia. This has the advantage of a relative homogeneity concerning illness 
and treatment duration, but it may also have limited the generalizability of results to older 
and chronic populations. Also, as patients included in our studies were relatively young, 
mostly males were included because males tend to have an earlier age at onset.  
 Finally, selection may have influenced our results. Most patients included in the 
studies described in this thesis were admitted in the Early Psychosis Department of the 
Academic Medical Center. This is a specialised clinic for patients quickly after the onset of 
their first psychotic episode. Patients admitted in this clinic might not be representative for 
the overall patient population. Moreover, patients who are able and willing to participate in 
demanding research projects may differ from patients who refuse participation and this may 
again limit the generalizability of our findings. Also, during treatment in our department 
patients were advised to quit their cannabis use. This could have influenced the results of 
the cannabis studies described in this thesis.  
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Discussion and implications for future studies 
In part II of this thesis we compared patients with recent onset schizophrenia and healthy 
controls.  

In chapter 2.1. we identified differences in regional brain volume between patients 
and healthy controls, some of which were correlated with illness duration. Although 
differences in regional brain volume have also been described in ultra high risk subjects 
(Puri 2010), the correlation with illness duration in our recent onset sample supports 
concerns about a progressive course already in the very early phase of the disease. 
Longitudinal studies have increased our insight in this progressive loss of regional brain 
volume (Shepherd et al 2012). However, results from these studies are inconsistent. This 
could possibly be explained by differences in patient characteristics such as medication use, 
duration of untreated psychosis and comorbidity. Meta-analysis on these differences 
between patient groups could provide more insight. 

In chapter 2.2 we found that in patients with schizophrenia total PUFA 
concentration was associated with lower fractional anisotropy (FA), suggesting that a 
generalized disturbance of membrane PUFA metabolism could be involved in white matter 
abnormalities in schizophrenia. While it has been suggested that omega-3-fatty acid 
supplementation could decrease negative and positive symptoms, no differences in 
symptom improvement were found in a meta-analysis of randomized controlled studies 
(Fusar-Poli and Berger 2012). Larger studies will have to evaluate whether manipulating 
the PUFA metabolism (for instance with omega-3 fatty acid supplementation) may affect 
white matter volume or structure. Also long-term effects of omega-3-fatty acid 
supplementation need to be studied. 

Part III of this thesis describes two studies in which differences in symptoms and 
regional brain volumes between patients with and without cannabis use disorders were 
evaluated. Based in the (inconsistent) literature, we expected that patients with a comorbid 
cannabis use disorder would have more symptoms and smaller regional brain volumes. 
However, we found no differences in psychotic symptoms and smaller volumes in patients 
without a cannabis use disorder compared to patients with a cannabis use disorder. This 
unexpected result could be explained by selection bias. Patients with a comorbid cannabis 
use disorder may represent a subgroup of patients intrinsically less vulnerable for 
schizophrenia compared to patients who never used cannabis. Once triggered, a drug-
induced non-affective psychotic illness could be indistinguishable from a psychotic illness 
not related to cannabis use, although premorbid functioning may be better. In a 5-year 
follow up study it was found that regional brain volume decreases in cannabis using 
patients, whereas no volume reductions were apparent at baseline, indicating that long-term 
cannabis use may have neurotoxic effects in patients with schizophrenia (Rais et al 2010). 
This is in line with studies in which effects of comorbidity with cannabis use disorders on 
treatment outcome have been described (Dixon 1999, Linszen et al 1994, Moore et al 2007, 
Regier et al 1990, Zammit et al 2008). Because the patients in our studies were recent onset 
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schizophrenia patients, only limited effects of cannabis on symptoms and regional brain 
volumes could be expected. However, within the patient group with a cannabis use disorder 
we also found an association between regional brain volume and age of onset of cannabis 
use, suggesting that cannabis use may interfere with normal brain development. Large long-
term follow up studies could provide more insight in these long-term effects of continued 
cannabis abuse. 

The fourth part of this thesis reviews differences between SUD patients and 
healthy controls in brain processes which are thought to be involved in the onset and 
persistence of substance use disorders. In the first review, consistent abnormalities in 
prefrontal brain functions in patients with substance use disorders were demonstrated. In 
the second review, however, we could not fully confirm the presence of a blunted response 
of the ventral striatum to monetary, non-drug related rewards (reward deficiency). While 
attenuated responsiveness to anticipation of non-drug reward has been stated to be a key 
symptom of substance abuse, only half of the studies discussed in this review have 
confirmed this. This could possibly be related to the tasks used in these studies.Furthermore, 
differences in brain responses during non-drug reward processing may be too small to 
detect due to insufficient power in some of the studies. Characteristics of the tasks used to 
measure non-drug reward could also explain the different findings. When cue-reactivity 
paradigms were used, a mostly blunted response to non-drug rewards was found in SUD 
patients, while during reward anticipation of monetary rewards only 6 out of 12 studies 
found a blunted response. Future studies should provide further evidence for the differential 
responses to different tasks. While these reviews gave insight in changes of important brain 
processes in patients with a substance use disorder, it would also be interesting to study 
differences between schizophrenia patients with and without comorbid substance use 
disorders. For example, it has been suggested that the effects of cannabis abuse are more 
severe in patients with schizophrenia and a comorbid cannabis use disorder compared to 
patients with an isolated cannabis use disorder (Habets et al 2011). Whether other 
substances of abuse also have a differential effect in CUD patients with and without 
schizophrenia is unknown, but it could have important clinical implications. To study this, 
however, it should be noted that small differences in task design could have large 
implications for the results. 

In the fifth part of this thesis we compared the effects of different antipsychotic 
medications on addiction related neural processes (attentional bias, cue-reactivity and 
reward processing) and subjective craving in patients with schizophrenia with and without a 
comorbid cannabis use disorder. From these studies we learned that treatment with 
clozapine was more effective in reducing regional brain responses to attentional bias and 
cue-reactivity for cannabis related words/pictures, that clozapine was more effective in 
reducing craving, and finally that clozapine was more effective in reducing negative 
symptoms than risperidone. However, we also found that risperidone was more effective in 
attenuating a hyperactive brain response to attentional bias during a classical Stroop task 
and during reward processing. Observing these effects after such a short treatment period 
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(chapter 5.3-5.5) or in a cross-sectional design (chapter 5.2) underlines the large differences 
between antipsychotic medications with a different receptor binding profile. Psychiatrists 
generally tend to focus on effectiveness on positive symptoms which are often the easiest to 
treat, though other symptom clusters (such as negative and cognitive symptoms) and certain 
comorbidities (such as substance use disorders and obsessive compulsive disorders) might 
as well benefit from treatment with specific antipsychotic medications.  

If future studies would replicate and extend our findings of differential effects of 
antipsychotic medications on specific symptom clusters and comorbid disorders, this could 
be used as a basis for personalized treatment in which specific medications are used for 
patients in specific stages of the disease and with specific symptom profiles. In one study 
(chapter 5.2) we also compared the effects of olanzapine with the effects of risperidone and 
clozapine. In this observational study we found no differences between clozapine and 
olanzapine. It would be interesting to further compare the effectiveness on craving and 
substance use disorders between these two medications. This is important, because the 
absence of a depot formulation of clozapine, the precautions that need to be taken and the 
side-effect profile of clozapine are disadvantages compared to olanzapine. 

The overall aim of the studies described in this thesis was to increase our 
understanding of schizophrenia, co-morbid cannabis use disorders and the effects of 
different antipsychotic medications in patients with schizophrenia and a comorbid cannabis 
use disorder. Therefore we studied the clinical characteristics, different aspects of brain 
structure and function and reviewed the literature. Although the studies described in this 
thesis have increased our insight, also questions are raised which should be answered in 
future studies. 
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