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Prologue 
 

Cannabis Beyond Good and Evil 
 
In his late work “Beyond Good and Evil” Friedrich Nietzsche (Nietzsche, 1868) 
strives to overcome the traditional morality and values of the masses in a 
philosophical approach of morality that confronts the perspectival nature of 
knowledge, beyond Good and Evil. 
 
In 1753, the Swedish Botanist Carl Linnaeus introduced the name Cannabis 
Sativa for a plant that had already been part of human culture since more than 
4,000 years. Probably originating in central Asia, throughout the centuries 
cannabis has evoked extreme receptions in various cultures in different parts of 
the world. In the early Indo-Iranian (Aryan) culture (2,000 BC), in the medieval 
Arabic world but also on the African continent, cannabis played an important 
role in religious rituals and medical traditions. However, in the western world, 
particularly the United States, marijuana was demonized and prohibited in the 
1930s but also idealized in the hippie subculture of the 1960s (Booth, 2003). 
Currently, cannabis extracts are used in modern western medicine to treat 
chronic pain and appetite loss. Paradoxically, cannabis is prohibited in most 
countries, particularly due to its alleged role as a cause of psychosis. Even 
within the boundaries of the debate on the role of cannabis as a causative 
agent of psychosis, idealization and demonization takes place. Public debate on 
cannabis tends to polarize towards the question of legalization. As polarization 
creates political power, pro- and anti-cannabis advocates tend to use scientific 
evidence opportunistically in the context of political debate. However, 
cannabis use and potential associated hazards are primarily a matter of public 
health and should be treated as such. 
 
The causal nature of the association between cannabis use and psychosis in the 
general population is heavily debated. A leading argument in this debate is that 
the large majority of cannabis users do not develop psychosis. However, the 
use of cannabis has repeatedly been associated with an increased risk of 
developing a psychotic disorder (Moore et al., 2007). Particularly if used by 
vulnerable individuals in large quantities or at young age, when brain 
development is in full motion, this association seems to become more robust. 
Given the dramatic lack of opportunities for prevention of psychotic disorders, 
this is a extremely meaningful finding. Simultaneously, as discussed in this 
thesis, particular cannabis compounds (Cannabidiol), could prove to be a 
valuable antipsychotic agent, providing an opportunity to treat the same 
psychosis this cannabis plant might have partially caused. 
 
The current thesis is the product of a quest for factors that shape this 
association and therefore an exploration of alternative positions. Cannabis 
most probably has the potential do good as well as harm (Murray et al., 2007). 
It would be in the interest of public mental health to leave behind traditional 
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polarized positions and move towards a strategy that optimizes the good and 
prevents potentially related harm, beyond Good and Evil. 
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Introduction 
Cannabis 
With an estimated 170 million users, cannabis is the most frequently used illicit 
drug. In Asia (particularly China) and Africa the prevalence of cannabis use has 
increased rapidly over the last years (United Nations Office on Drugs and 
Crime, 2012). Recent national surveys in some western countries suggest that 
the prevalence of cannabis use is stabilizing, but large variations exist among 
regions and user groups. In Europe, the number of regular heavy users has 
increased by 20% between 2004 and 2007 (European Monitoring Centre for 
Drugs and Drugs Addiction (EMCDDA), 2009). Moreover, several reports show 
that cannabis use is largely confined to young people. In the United States, the 
estimated lifetime prevalence of cannabis use among persons aged 12 years or 
older is 46% (Substance Abuse and Mental Health Services Administration 
(SAMHSA), 2007). In the Netherlands, prevalence levels range from 26% to 32% 
among 15- to 16-year-old school students (European Monitoring Centre for 
Drugs and Drugs Addiction (EMCDDA), 2009).  
 
The main psychoactive constituents of the cannabis plant are Δ9-
tetrahydrocannabinol (THC) and Cannabidiol (CBD), however, these are only 
two of the approximately 70 phytocannabinoids that are found in the Cannabis 
sativa plant (Mechoulam et al., 2007). These phytocannabinoids are thought to 
interact with the human Endocannabinoid System which consists of 
endocannabinoids and at least five receptors of which CB1r and CB2r are best 
described (Brown, 2007;Pertwee, 2008). 
Cannabis use is associated with a wide range of adverse effects in several 
areas, varying from traffic accidents, poor social and educational performance, 
to pulmonary disease (Asbridge et al., 2005;Macleod et al., 2004;Taylor et al., 
2002). In the last decade, increased attention has been given to the psychiatric 
effects of cannabis use, especially the role of cannabis use as a risk factor for 
schizophrenia. 
 
Schizophrenia 
Schizophrenia is a highly invalidating disorder (van Os and Kapur, 2009), with a 
lifetime prevalence of 0.3 – 0.6% (McGrath et al., 2008). In the World Health 
Report 2001 (World Health Organization, 2001), schizophrenia is listed as the 
8th leading cause of disability-adjusted life years (DALYs) worldwide in the age 
group 15-44 years. The symptoms of schizophrenia include hallucinations, 
delusions, psychomotor poverty, depression and anxiety (van Os and Kapur, 
2009).  
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Genetics of schizophrenia 
Data from family, twin, and adoption studies unequivocally demonstrate the 
involvement of genetic factors in the transmission of vulnerability to 
schizophrenia. Extensive research in the last decade has provided strong 
molecular evidence that common genetic variants (with a modest effect on 
disease status) in combination with rare variants (with high impact on disease 
risk), play a major role in the genetic architecture of schizophrenia (Gejman et 
al., 2011). 
 
Environmental risk factors 
Simultaneously, a number of non-genetic, environmental risk factors have been 
identified and replicated in the last decade. Perinatal complications (Cannon 
et al., 2002), migration (Cantor-Graae and Selten, 2005), urbanicity 
(Krabbendam and van, 2005), paternal age (Malaspina et al., 2001;Vreeker et 
al., 2013) and cannabis use (Moore et al., 2007;Zammit et al., 2002) seem to 
have impact on neural development and are consistently associated with 
schizophrenia.   
 
The relationship between cannabis and psychosis 
Cannabis use is implicated as a risk factor for psychotic illness in different lines 
of aetiological research. First, several studies show that cannabis use decreases 
the age of schizophrenia onset (Myles et al., 2012;Large et al., 2011). Second, 
cannabis use was found to increase the amount and severity of psychotic 
exacerbations in schizophrenia patients (Grech et al., 2005). Third, a growing 
body of literature relates cannabis use to decrease in brain volume in 
schizophrenia patients (Rapp et al., 2012). Finally, from an epidemiological 
perspective, cannabis use is consistently associated with psychotic symptoms in 
the general population (Schubart et al., 2010a) and a higher rate of psychotic 
disorders in numerous studies (Zammit et al., 2002;van Os et al., 
2002;Manrique-Garcia et al., 2012). However, data on the causal role of 
cannabis in the aetiology of schizophrenia is not uniform and conflicting results 
have also been published (Macleod et al., 2004;Moore et al., 2007;DeLisi, 
2008;Minozzi et al., 2010). 
 
Our understanding of the role of the individual risk factors and their interplay 
in this disease process is however limited. Although in the last decades a 
variety of hypotheses have been put forward (van Os and Kapur, 2009), to date 
no explanatory model exists that integrates the associated risk factors and 
known biological processes.  
 
A leading argument in the discussion on the alleged causal role of cannabis in 
causing psychosis is that the majority of cannabis users do not develop 
schizophrenia and that the explained variation in the occurrence of 
schizophrenia due to cannabis use, is low.  
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Therefore it is plausible that the association between cannabis use and 
schizophrenia depends on individual vulnerability that might be shaped by 
genetic and non-genetic (epidemiological) determinants.  
 
Goal of this thesis 
The objective of this study is to contribute to the identification of 
epidemiological and genetic factors that moderate the influence of cannabis on 
the risk to develop psychosis. Understanding the complex interplay between 
cannabis, environmental variables, genes and psychosis could lead to a better 
understanding of the aetiology of psychotic disorders, such as schizophrenia, 
and could provide new leads for molecular studies with the ultimate goal of 
improved detection, prevention and treatment.  
 
Outline 
This thesis addresses two main topics. The first part discusses epidemiological 
aspects of the relationship between cannabis use and psychiatric symptoms. 
The second part focuses on genetic aspects of this relationship. For a visual 
depiction of the outline of this thesis, see figure 1. 
 
The first study (chapter 2) focuses on effects of cannabis use on mental illness, 
regardless of diagnosis. The measure of mental health in this study is a history 
of psychiatric hospitalization. The main question is if dosage and age at first 
use of cannabis are associated with the chance of having a history of 
psychiatric hospitalizations.  
 
The second study (chapter 3) investigates whether cannabis starting age and 
level of exposure (dose) are associated with specific profiles of subclinical 
psychiatric (psychotic) symptoms in the general population.  
 
Chapter 4 is a literature review on the antipsychotic potential of cannabidiol. 
Cannabidiol is one of the 70 phytocannabinoids, detectable in the cannabis 
plant. Although cannabis use is associated with an increased risk of developing 
psychosis, the cannabis constituent cannabidiol may have antipsychotic 
properties. A number of studies have tried to explain the role of the 
endocannabinoid system in the development of psychosis and how cannabidiol 
might impact on this relationship. We review animal, human experimental, 
imaging, epidemiological and finally clinical studies that investigated the 
antipsychotic properties of cannabidiol. 
 
In chapter 5, we tested the role of cannabidiol content in the association 
between cannabis use and psychiatric symptoms in our own sample. Different 
types of cannabis (i.e. marijuana, hashish) have distinctive proportions of THC 
and cannabidiol. Since average concentrations of THC and cannabidiol in the 
most popular types of cannabis sold on the Dutch market are annually 
measured, we were able to quantify exposure to THC and cannabidiol. We 
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assessed the association between cannabidiol content and sub-clinical 
psychiatric symptoms in a subset of 1,877 participants.  
 
In part II of this thesis, we describe our efforts to understand the biological 
mechanisms that underlie the relationship between cannabis use and 
schizophrenia.  
 
Chapter 6 describes a gene finding study designed to identify genetic 
polymorphisms that moderate the risk of experiencing subclinical psychiatric 
symptoms in heavy cannabis users. In 1,262 participants, we performed a 
Genome Wide Environment Interaction Study (GWEIS) that aims to imply 
information on cannabis use as a risk factor of psychosis in a genome wide gene 
finding approach.  
 
In chapter 7 we used genome wide gene expression profiling to gain further 
insight into molecular mechanisms driving the effects that are associated with 
cannabis use. In 100 healthy controls and 90 heavy cannabis users, we 
measured genome-wide expression levels from whole blood samples. 
 
Finally, in part III, chapter 8 provides a summary and general discussion of the 
main findings of this thesis and chapter 9 is a summary of this thesis in Dutch. 
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Table 1. Olutline of this thesis 
 

 
 
 

Recruitment of participants via www.cannabisquest.nl 
(n= >25,000) 

Collection of data on 
epidemiological factors 

Chapter 3  
 
On the influence of 
intensity and age of 
first use 
 

Chapter 4 and 5 
 
On the influence of 
cannabis type (or 
THC/CBD ratio) 

Chapter 2 
 
On the relationship 
between cannabis 
use and psychiatric 
hospitalization 
 

Selection of suitable 
participants for 
genetic studies 

Chapter6 
 
Genome Wide 
Environment 
Interaction Study  
(GEWIS):  
Gene finding study 
on genetic variation 
underlying 
vulnerability to 
cannabis associated 
psychosis 
 

Chapter 7 
 
Gene expression 
study: uncovering 
gene-expression 
changes associated 
with heavy 
cannabis use 
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ABSTRACT  
 
Objectives  
To investigate the relationship between cannabis use and mental health. 
Methods 
A cross-sectional analysis in a sample of 17,698 individuals with a mean age of 
22 years (SD: 4.2). Participants provided information on the amount and initial 
age of cannabis use and history of psychiatric hospitalizations through a web-
based questionnaire. To quantify THC exposure we operationalised cannabis 
use as the amount of money spent on cannabis per week over the last month. 
The odds ratio of having a history of psychiatric hospitalizations was the 
primary outcome measure. 
Results 
We found a dose-response relationship between the amount of cannabis use 
and the odds for psychiatric hospitalisation. Adjusted odds ratios for 
hospitalization increased with the amount of cannabis consumed from 1.6 (95% 
CI: 1.1 – 2.3) in incidental users to 6.2 (95% CI: 4.3 – 8.9) in heavy users 
(>€25/week). Our data suggested that concomitant drug use was an 
intermediate factor. Exposure to cannabis before the age of 12 years was found 
to carry a 4.8 (95% CI: 2.9 – 7.8) times increased odds for past psychiatric 
hospitalizations. 
Conclusion 
We conclude that early and heavy uses of cannabis are each and independently 
associated with poor mental health in its users. 
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INTRODUCTION 
Cannabis is the most frequently used illicit substance in most parts of the 
world, the number of cannabis users worldwide is currently estimated to be 
more than 165 million (United Nations Office on Drugs and Crime, 2009). In Asia 
(particularly China) and Africa the prevalence of cannabis use has increased 
rapidly over the last few years(United Nations Office on Drugs and Crime, 
2009). Recent national surveys in some western countries suggest that the 
prevalence of cannabis use is stabilizing, but large variations exist among 
regions and user groups. In Europe for example, the number of regular heavy 
users has increased by 20% between 2004 and 2007 (European Monitoring 
Centre for Drugs and Drugs Addiction (EMCDDA), 2009). Moreover, several 
reports show that cannabis use is largely concentrated in young people. In the 
United States, the estimated lifetime prevalence of cannabis use among 
persons aged 12 years or older is 46% (Substance Abuse and Mental Health 
Services Administration (SAMHSA), 2007). In the Netherlands prevalence levels 
range from 26% to 32% among 15- to 16-year-old school students (European 
Monitoring Centre for Drugs and Drugs Addiction (EMCDDA), 2009). Several 
reports suggest that the age of first cannabis use in the population is 
decreasing (European Monitoring Centre for Drugs and Drugs Addiction 
(EMCDDA), 2009;Johnston et al., 2009;ESPAD, 2007).  
Cannabis use is associated with a wide range of adverse effects in several 
areas, varying from traffic accidents, poor social and educational performance, 
to pulmonary disease (Asbridge et al., 2005;Macleod et al., 2004;Taylor et al., 
2002). In the last decade, increased attention has been given to the psychiatric 
effects of cannabis use. Especially the role of cannabis use as a risk factor for 
psychotic disorders has recently been highlighted. It is now clear that cannabis 
use is associated with psychotic disorders (Moore et al., 2007;Pedersen, 
2008;Satyanarayana, 2009;Skinner et al., 2010;Schubart et al., 2010a)  and 
although the debate on causality is ongoing, an argument can be made that the 
public should be warned of this danger (Nordentoft and Hjorthoj, 2007). In 
addition to psychosis, associations between cannabis use and affective illness 
(Bovasso, 2001;Pedersen, 2008;Degenhardt et al., 2003), impairment of 
cognitive function (Ranganathan and D'Souza, 2006;D'Souza et al., 2005) and 
cannabis addiction (Degenhardt et al., 2008;Gillespie et al., 2009) have been 
reported. Less is known about the mental health burden associated with 
cannabis at a population level such as hospitalization rates of its users. 
Psychiatric hospitalization is a key indicator of the individual, social and 
economic burden of mental illness. Not only is psychiatric hospitalization 
associated with severe psychopathology, but also with recidivism (Klinkenberg 
and Calsyn, 1998), occupational disability (Kessler and Frank, 1997) and 
enduring psychiatric illness (Hoge et al., 2005). Moreover, psychiatric 
hospitalization is costly. The direct costs of mental health services in the US 
sum up to a total of more than $70.0 billion of which 27% is due to the costs of 
inpatient care (U.S.Department of Health and Human Services., 1999;Mark T et 
al., 1998). Likewise, in the United Kingdom the costs of inpatient care 
constitute 80% of NHS total expenditure on adult mental health services (NHS 
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Mental Health Network, 2009). In England alone the costs of acute adult 
inpatient mental health care were more than £600 millions in 2008/2009 
(Mental Health Strategies, 2009).  
To investigate the burden of diseases associated with cannabis use, we studied 
the odds of psychiatric hospitalization in relation to the amount and the initial 
age of cannabis use in a sample of 18,000, mainly adolescent, individuals.  
 
MATERIAL AND METHODS  
Study Population 
Between June 2006 and February 2009, every month approximately 670 visitors 
filled out an internet-based questionnaire, resulting in more than 21,000 
participants at the time of writing. Broad media attention for the project was 
generated and cooperation was sought with colleges and universities that were 
willing to advertise for this study on their intranet. Especially adolescents 
between 18 and 26 years of age were targeted in this advertisement campaign. 
In addition, commercial advertisement products (i.e. banners and text links) 
were used on websites that were popular among young people. The chance to 
win an Apple iPod ™ or a Nintendo Wii ™, was used as an incentive (Aadahl and 
Jorgensen, 2003). To increase the homogeneity of the sample we selected 
participants between the age of 10 and 60 years of age.  
This study was approved by the medical ethical commission of the University 
Medical Centre Utrecht and all participants gave online informed consent. 
 
Assessments  
Subjects provided their name, age, educational level, ethnicity, psychiatric 
medical history and contact details. Each participant was asked; “Have you 
ever been admitted to a psychiatric ward?”. Participants could answer this 
question with yes or no. The assessment included two verification questions to 
protect for random answers. Submitting data anonymously was not possible. 
Participants provided their information through a project website 
(www.cannabisquest.nl). Web-based questionnaires are found to be reliable 
and useful for epidemiologic research purposes in settings in which internet 
access is high (Ekman et al., 2006). In 2008, 91% of the Dutch had internet 
access available at their homes (CBS Statistics Netherlands, 2009), among 
young people this number is estimated to be 99% (IVO: Addiction Institute et 
al., 2009).  
 
Cannabis Measures 
The amount in euros (€) spent on cannabis per week in the last month, was 
assessed as a proxy measure of exposure to Δ9-tetrahydrocannabinol (THC). 
THC-concentration and market value of cannabis are correlated (0.365 (p < 
0.001) in marijuana and 0.719 (p < 0.001) in hashish) (Niesink et al., 2009a). 
Therefore, the amount of money spent on cannabis provides a superior 
measure of exposure compared to frequency assessments of cannabis use . THC 
exposure was categorized into five groups: 1) cannabis naïve persons who 
indicated never to have used cannabis; 2) subjects using cannabis incidentally 
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or spending less than 3 euros per week; 3) individuals spending between 3-10 
euros per week on cannabis; 4) subjects spending between 10-25 euros per 
week; and 5) a group of subjects spending more than 25 euros per week on 
cannabis. All data (except for the first two groups) applied to the last month or 
longer.  
For reference, prices range from €4.30 for one gram of imported marijuana 
with an average THC percentage of 5.5% to €15, - per gram of Dutch hashish 
with an average THC concentration of 33.3% (29). The initial age of cannabis 
use was also categorized in five sub groups; 1) participants who started to use 
before the age of 12 years; 2) between 12 and 15 years; 3) between 15 and 18 
years; 4) between the age of 18 to 20 years; and 5) after their 20th birthday. 
Finally, to add a further measure distinguishing between incidental and regular 
cannabis users, participants were asked how many times they had used 
cannabis in their lives, with a minimum score of zero and a maximum score of 
more than ten times. 
 
Statistical Analysis 
Odds ratios with 95% confidence intervals for having a psychiatric 
hospitalization in the medical history were calculated per range of cannabis 
use by means of logistic regression analysis. Two analyses were conducted: 1) 
estimating the crude association between cannabis use and psychiatric 
hospitalization, and 2) estimating this association after adjustment for age, 
gender and level of education. The cannabis naïve group was the reference 
group. To estimate the relation between cannabis use and hospitalization for 
the different categories of age of initial use, again logistic regression analysis 
was applied. The group with a modal initial age of use (15 -18 years) was 
chosen as the reference group. Moreover, as an overall test to analyze the 
proportion of hospitalizations among participants who had and who had not 
used cannabis more than ten times in their lives, we calculated the crude odds 
ratio, with 95% confidence intervals, for having used cannabis more or less 
frequently than ten times. To assess the sensitivity of our results to selection 
bias we estimated the impact of a hypothetical decrease in the number of 
hospitalized heavy users on the adjusted odds ratios in the heavy users group. 
Randomly, a predefined fraction of the hospitalized heavy users was excluded 
and the association between cannabis use and hospitalization was estimated in 
the remaining subjects. This procedure was repeated 1,000 times for each 
predefined fraction and odds ratios and their confidence intervals were pooled 
using Rubin’s rule (Rubin, 1987). 
To investigate the influence of concomitant drug use on the association 
between cannabis use and psychiatric hospitalization, the first 13,000 
participants were asked to fill in a number of additional questionnaires on 
various topics. A sub sample of 816 participants completed the additional 
questionnaires on concomitant drug use. This sub sample comprised a 
representative selection in terms of cannabis use, gender (46% male), age 
(mean age 22 yrs), psychotic symptoms (Schubart et al., 2010a) and 
educational level. In this sub sample lifetime drug use was assessed using a 
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digital version of the drug use section of the Composite International Diagnostic 
Interview (CIDI) (Robins et al., 1988). We calculated the adjusted odds ratios 
described above in this subsample and adjusted for lifetime concomitant drug 
use. Data were analyzed using R for Windows, version 2.9.1 (Development Core 
Team (2005), 2005). 
 
RESULTS 

The project website was launched in the Netherlands in June 2006 and had 
attracted more than 117,000 unique visitors by February 2009. After filtering 
for falsely answered verification questions from the original number of 21,838 
participants (19% of 117,000), a total of 17,698 (81% of 21,838) subjects 
(11,856 (67%) users and 5,842 (33%) cannabis naïves) were included in the 
analyses. The highest educational attainment is secondary schools in 50.4% of 
the sample, 8.3% have an academic diploma, 34.3% have a non-academic post-
secondary school diploma and 0.1% have no educational diploma. Age, gender 
and numbers of hospitalizations of the sample are presented in Table 1.  
 
TABLE 1. Subject Characteristics. 

 N Gender (% male) Mean Age SD Age Psychiatric 
hospitalization 
in history (%) 

Total Group 17,698 51.0 21.6 4.2 2.6 
Non-Users 5,842 32.9 21.0 4.2 1.1 
Users 11,856 57.0 22.0 4.3 3.4 

 

Participants who had used cannabis at least ten times in their lives had been 
hospitalized significantly more often than the less frequent users and cannabis 
naïve participants (odds ratio = 3.2 (95% CI 2.6 – 4.0)) . Table 2 and figure 1, 
show the dose-response relationship found between the amount of euros spent 
on cannabis use and the odds of having a prior psychiatric hospitalization. 
Analysis of age of initial use showed that starting cannabis at a young age was 
associated with higher odds of having had one or more psychiatric 
hospitalizations (figure 2 and table 2).  

In a sub group (n=816), not shown in the table, information on concomitant 
drug use was available. The odds ratio for hospitalization in the group that 
used more than €25 weekly was 8.8 (95%CI 2.2 – 35.5) before and 4.1 (95% CI 
0.5 – 34.9) after adjusting for concomitant drug use in this group. The odds 
ratio for hospitalization in participants that started before the age of 12 years 
was 2.7 (95% CI 0.3 – 34.2), after adjustment for concomitant use. The 
adjusted odds ratio for hospitalization associated with lifetime use of other 
drugs than cannabis was 2.6 (95% CI 0.3 – 21.2) in the model for amount of use. 
In the model for age of initial use, the odds ratio for hospitalization associated 
with concomitant drug use was 1.6 (95% CI 0.5 – 5.6).  

Figure 1. Adjusted odds ratios for hospitalization per category of weekly amount of use with 
the cannabis naïve group as reference (total N= 17,698) 
 

 
*Adjusted for age, gender and level of education. 

 
Analysis of sensitivity to selection bias 
Selection bias could have led to an overestimation of the association between 
cannabis use and the risk for psychiatric hospitalization. For example, heavy 
cannabis users with a history of psychiatric hospitalization might be more 
willing to answer a web-based questionnaire. To quantitatively assess the 
sensitivity of the results to such selection bias (i.e., to assess the impact of 
potential overrepresentation of hospitalized heavy users in our study 
population), we estimated how a decrease in the number of hospitalized heavy 
users would affect the adjusted odds ratio in the heavy users group. These 
analyses indicate that the odds ratio would remain significant until 70% of 
heavy users that have been hospitalized would be excluded from the 
calculations. Thus, only an overrepresentation by 330% of hospitalized heavy 
users could have biased a situation of no relation between cannabis use and 
hospitalization into the observed association. The adjusted odds ratios for 
several hypothetical steps can be found in table 3. 
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analyses indicate that the odds ratio would remain significant until 70% of 
heavy users that have been hospitalized would be excluded from the 
calculations. Thus, only an overrepresentation by 330% of hospitalized heavy 
users could have biased a situation of no relation between cannabis use and 
hospitalization into the observed association. The adjusted odds ratios for 
several hypothetical steps can be found in table 3. 
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Table 2. Odds Ratios for Hospitalization. Crude and adjusted analyses with 95% confidence 
intervals.  
 UNIVARIATE 

ANALYSIS    

ODDS RATIO 

95%CI ADJUSTED 

ODDS RATIO  

95 %CI 

lower 

 

upper lower upper 

Cannabis use per week 

Cannabis naïve** 1.00b - - 1.00 ** - - 

Incidentally or less 

than € 3 per week 

1.63 1.16 2.29 1.61 * 1.14 2.27 

€ 3 - 9 per week 3.12 2.19 4.44 3.07 * 2.11 4.48 

€ 9 - 25 per week 4.36 3.16 6.00 3.81 * 2.67 5.44 

> € 25 per week 7.56 5.54 10.32 6.15 * 4.27 8.85 

Age of initial Cannabis  

<12 years 8.25 5.28 12.90 4.76 *** 2.93 7.76 

12 - 15 years 2.12 1.69 2.66 1.70 *** 1.34 2.15 

15 - 18 years ** 1.00 ** - - 1.00 ** - - 

18 - 20 years 0.98 0.70 1.37 1.07 *** 0.75 1.51 

>20 years 1.67 1.06 2.64 1.45 *** 0.86 2.43 
* adjusted for age, gender and level of education. 
** reference category. 
*** adjusted for age, gender, level of education and the weekly amount of use. 

 
An internet based approach could potentially lead to reduction of questionnaire 
validity since environmental factors such as lightning condition, background 
noise or the presence of distractions can not be standardized. However, since 
the distribution of these influencing factors throughout the sample is most 
probably independent of the outcome measure (hospitalization) and the 
exposure measure (cannabis use), the impact of potential inaccuracy due to 
lack of controlling for environmental factors can not systematically err the 
reported associations. A second possible concern on web-based questionnaires 
is that it might induce false positive answers. Several studies showed however, 
that the absence of an experimenter and the non-clinical environment of a 
web-based assessment may decrease the participants tendency to give socially 
desirable answers (Joinson, 1999;Buchanan and Smith, 1999). Recent reviews 
evaluate web-based questionnaires to be an overall valid method in 
epidemiological research (Meyerson and Tryon, 2003;Gosling et al., 2004;Balter 
et al., 2005;Ekman et al., 2006). Moreover, a growing number of papers 
presented good validity of instruments used in a variety dimensions of 
psychopathology such as cannabis addiction (Khazaal et al., 2008), smoking 
(Graham and Papandonatos, 2008) and other substance abuse (Spijkerman et 
al., 2009)   and for a variety of well validated and broadly used instruments 

Figure 2. Adjusted odds ratios for hospitalization per category of initial age of cannabis use 
with the modal starting age category (15-18 years) as reference group (total N= 11,856) 

 

* adjusted for age, gender, level of education and the weekly amount of use. 
 
DISCUSSION  
This study in almost 18,000 subjects presents a dose-dependent association 
between cannabis use and the odds of having been admitted to a psychiatric 
hospital. Heavy users were six-times more frequently admitted compared to 
cannabis naïve subjects. Independently, age at onset of cannabis use was also 
correlated to a history of psychiatric hospitalizations. Subjects who started 
using cannabis before the age of 12 years have an almost five-fold increased 
odds for hospitalization compared to participants that started at a modal age 
(15-18 years). The association of cannabis use with a history of psychiatric 
inpatient treatment is a clear indication of association of cannabis use with 
mental illness. Although many reports have been published on specific outcome 
measures associated with cannabis use (Hall, 2009), to our knowledge this is 
the first study to directly address the association between cannabis use and 
psychiatric hospitalization. Strengths of the study are the unequivocal measure 
of mental illness, the anonymous setting of the assessment, the large sample 
size and clear measure of cannabis exposure. 
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such as the General Health Questionnaire (Vallejo et al., 2007), Symptoms 
Check-List-90-Revised (Vallejo et al., 2007), the Kessler psychological distress 
scale (Donker et al., 2009;Vallejo et al., 2007), the Centers for Epidemiological 
Studies Depression scale (Houston et al., 2001;Lin et al., 2007;Cuijpers et al., 
2008), the Edinburgh Depression Scale (Spek et al., 2008), the Obsessive 
Compulsive Inventory (Coles et al., 2007), the Obsessive beliefs Questionnaire-
44 (Coles et al., 2007) and several questionnaires assessing personality traits 
and disorders (Pettit, 2002;Buchanan and Smith, 1999).  
 
Table 3. Selection Bias Analysis. Hypothetical adjusted odds ratios for psychiatric 
hospitalization, if different proportions of previously hospitalized heavy users (>€25/week) are 
excluded from the analysis.  

PROPORTION OF 
EXCLUDED 

HOSPITALIZED, 
HEAVY USERS 

ADJUSTED 
ODDS RATIO * 

SE  
95%CI 

 
Lower Upper 

0 6.14 0.19 4.27 8.85 

0.1 5.43 0.19 3.73 7.92 

0.2 4.80 0.20 3.26 7.09 

0.3 4.12 0.21 2.75 6.16 

0.4 3.48 0.21 2.29 5.28 

0.5 2.82 0.22 1.82 4.38 

0.6 2.17 0.24 1.37 3.46 

0.7 1.60 0.25 0.97 2.62 

0.8 1.00 0.29 0.57 1.75 

0.9 0.49 0.35 0.24 0.97 

* adjusted for age, gender and level of education. 

 
A final concern about web-based questionnaires may be that the found 
associations could be influenced by selection bias since roughly only one in five 
visitors of our website have completed the online questionnaire. Obviously, our 
study population is a selected population, which is indicated by for example 
the fact that over two-third of our study population uses cannabis. This does 
not, however, imply that the associations found in this population are biased. 
Importantly, such selection bias will only occur in case of a systematic over- or 
under representation that is related to both cannabis use and hospitalization. 
An example of this would be an overrepresentation of individuals that use 
cannabis and have a positive psychiatric medical history. Sensitivity analyses 
indicated that only very unrealistic scenarios (i.e., an overrepresentation of 
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more than 330%) would result in the absence of an association between 
cannabis use and psychiatric hospitalization. Selection bias as a full explanation 
of our findings is therefore most unlikely. In interpreting the results of this 
study, a number of other potential limitations should be considered. Since the 
current study is retrospective, it theoretically is more susceptible to recall- or 
report bias. However, since the presence or absence of psychiatric 
hospitalization is a clear and unequivocal outcome measure, we feel that the 
influences of recall bias are minimal. Self reported age and amount of illicit 
substance use have been found to be reliable for epidemiological applications 
(Johnson and Mott, 2001a). Another potential limitation is the availability of 
information on the use of drugs other than cannabis in a subsample of subjects 
only. After adjusting for concomitant drug use, the odds ratio for amount of 
use decreased to 4.1 (95%CI 0.5 – 34.9) in the group using more than €25 
weekly. One could argue therefore that concomitant drug use can be seen as a 
confounder in the current association, however concomitant drug use by itself 
was not associated significantly with hospitalisation either in our model and a 
trend towards association remained. Given the limited sized sample in this sub 
analysis, failure to reach significance may well be a power problem. An 
alternative explanation could be that concomitant drug use is an intermediate 
factor in the association between the amount of cannabis use and a history of 
psychiatric hospitalization. The impact of concomitant drug use was less clear 
for the odds ratios of young age of onset. With an average age of around 22 
years, this sample is drawn from the population sub group that uses cannabis 
most. The fact that our participants are relatively young compared to the 
average population on a psychiatric ward underlines the strength of the 
reported association, but caution is warranted generalizing these findings to 
other age groups.  
The association between young initial age of use and hospitalisation could point 
to an increased sensitivity for the effects of cannabis at young age. 
Alternatively one could argue that the association is a reflection of the effects 
of cumulative exposure, underlining the dose response association with amount 
of cannabis use.  
Finally, we are not aware of data describing the educational level of individuals 
in this age group with comparable educational level categories. Therefore, and 
given our cooperation with colleges and universities, it is possible that the 
educational level of our study group is not representative for the general 
population. As a consequence the generalizability of the presented results may 
be compromised in this respect.  
Foremost it is important to realize the current data cannot help to distinguish 
cause and effect. To address the issue of causality, a large cohort should be 
followed from early childhood until late adolescence. The focus of such a study 
should be the temporal dynamics between reliably measured drug use and 
mental health care consumption, problematic behavior, school reports and the 
need of support from child, family, and school social workers.   
The current results are clinically meaningful irrespective of the question of 
causality since they suggest that early or heavy cannabis use are clearly 
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associated with the development of major psychiatric illness (requiring 
intensive in-patient treatment). The strength of the current results is the clear 
dose-dependent association between cannabis use and psychiatric 
hospitalization in a large sample of, mainly adolescent, individuals. While our 
results suggest that moderate use after the age of 18 is not associated with 
increased odds of severe mental illness, we show that both heavy cannabis use 
and initial use of cannabis before the age of 15 years are each strongly and 
independently associated with psychiatric hospitalization. Although the 
underlying causal pathway remains unclear, early and heavy use of cannabis 
are each associated with poor mental health in its users and thus with 
significant medical and economic costs for society.   
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ABSTRACT 
 
Background  
Cannabis use is associated with psychosis and a range of subclinical psychiatric 
symptoms. The strength of this association depends on dosage and age at first 
use. The current study investigates whether level of cannabis exposure and 
starting age are associated with specific profiles of subclinical symptoms. 
Methods  
We collected cross-sectional data from a young adult population sample by 
administering an online version of the Community Assessment of Psychic 
Experiences (CAPE). Cannabis exposure was quantified as the amount of euros 
spent on cannabis per week and the age of initial cannabis use. The primary 
outcome measure was the odds ratio to belong to the highest 10% of scores on 
the total CAPE and the positive-, negative- and depressive symptom 
dimensions. 
Results  
In 17,698 adolescents (mean age 21.6 SD 4.2), cannabis use at age 12 or 
younger was strongly associated with a top 10% score on psychotic experiences 
(OR: 3.1, 95%CI 2.1 – 4.3) and to a lesser degree with negative symptoms (OR: 
1.7, 95%CI 1.1 – 2.5). The odds ratio of heavy users (>€25/week) for negative 
symptoms was 3.4 (95%CI 2.9 – 4.1), for psychotic experiences 3.0 (95%CI 2.4 – 
3.6), and for depressive symptoms 2.8 (95%CI 2.3 – 3.3). 
Conclusions  
Early start of cannabis use is strongly associated with subclinical psychotic 
symptoms and to a lesser degree with negative symptoms, while smoking high 
amounts of cannabis is associated with increased levels of all three symptom 
dimensions: psychotic, negative and depressive. These results support the 
hypothesis that the impact of cannabis use is age specific.   
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INTRODUCTION  
Cannabis is the most widely used illicit substance in the world. The number of 
users is increasing and is estimated to range from 142.6-190.3 million 
worldwide, with the highest prevalence in young people (Johnson and Mott, 
2001b). Although in the U.S. and Canada the overall lifetime prevalence of 
cannabis use is around 46%, in 18- to 24-year-olds the prevalence is 70% (Adlaf 
et al., 2005). A recent U.S. national survey (Johnston et al., 2009) showed that 
the lifetime prevalence among 13-year-old children is as high as 15%. In 
Europe, on average one in three adolescents between 15–24 years has ever 
used cannabis (European Monitoring Centre for Drugs and Drugs Addiction 
(EMCDDA), 2009). Extensive use of cannabis by young individuals has lead to 
concerns regarding potential impact on population mental health. Numerous 
large longitudinal studies observed an independent effect of cannabis on the 
development of psychotic disorders, for review see (Moore et al., 2007). 
However, the impact of cannabis use is not restricted to clinically manifest 
psychotic disorders. In the general population, cannabis use is dose 
dependently associated with subclinical psychiatric symptoms such as psychotic 
experiences and negative symptoms (Arseneault et al., 2002;Verdoux et al., 
2003;Stefanis et al., 2004;Miettunen et al., 2008;Konings et al., 2008;Hides et 
al., 2009). Three of these studies report that these associations are stronger in 
younger subjects (Stefanis et al., 2004;Arseneault et al., 2002;Fergusson et al., 
2003). A dose dependent relationship between the amount of cannabis 
exposure and subclinical symptoms suggests that the level of exposure to 
tetrahydrocannabinol (THC), the main psychoactive component of cannabis 
(Mechoulam et al., 1970b), determines this relationship. The association 
between age of initial cannabis use and subclinical symptoms is less 
straightforward. One possible explanation is that individuals who are prone to 
psychotic experiences are more inclined to smoke cannabis at an early age. 
However there is also evidence suggesting that there is a window of 
vulnerability to cannabis exposure that explains the increased association 
between early use and psychiatric symptoms (Stefanis et al., 2004;Arseneault 
et al., 2002;Fergusson et al., 2003). Animal studies for instance show that 
exposure to THC during critical periods of brain maturation, such as early 
puberty, impacts on the development of several neurotransmitter systems 
(Trezza et al., 2008), suggesting that THC interferes with crucial processes in 
brain development. It is possible that the pathophysiological mechanisms 
underlying the associations with amount of use and the association with age of 
first use are distinct. If first exposure to cannabis early in life interferes with 
specific developmental processes, this may be reflected in a specific profile of 
subclinical psychiatric symptoms. A more detailed study of the association 
between cannabis use and subclinical psychiatric experiences may therefore 
reveal how these different aspects of cannabis use impact on subclinical 
psychiatric experiences. 
Since several studies show that a high score on self-reported psychotic 
symptoms predict an increased risk of a psychotic disorder later in life (Wiles 
et al., 2006;Hanssen et al., 2005;Poulton et al., 2000;Chapman et al., 
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1994;Yung et al., 2009), it is particularly interesting to study the relationship 
between cannabis use and high scores of these subclinical psychiatric 
experiences. We here report a study on the association between the amount of 
cannabis use and the age of initial cannabis use and top 10% scores in three 
symptom dimensions of self reported psychiatric experiences in a large 
population sample.  
 
METHODS  
Participants  
Participants were recruited using a project website mainly targeting Dutch 
speaking adolescents and young adults (18-25 years). Recruitment strategies 
included cooperation with more than 100 colleges, universities and youth 
centres that were willing to advertise for this study on their intranet and the 
use of online commercial advertisement products (i.e. banners and text links). 
The chance to win an Apple iPod ™ or a Nintendo Wii ™ was used as an 
incentive. Participants answered questions regarding their cannabis use, filled 
out the Community Assessment of Psychic Experiences (CAPE)(Konings et al., 
2006) questionnaire and provided their age, educational level and contact 
details. Submitting data anonymously was not possible. Every month 
approximately 670 visitors filled out our web based questionnaires between 
June 2006 and February 2009. This resulted in 21,838 participants. The 
assessment included two verification questions to protect against random 
answers. Participants that failed to correctly fill out the verification questions 
were excluded. To increase the homogeneity of the sample participants that 
indicated to be younger than 10 years or older than 60 years of age were 
excluded. After exclusion of these individuals, 17,698 participants remained 
(81% of 21,838). This study was approved by the UMC Utrecht medical ethical 
commission and all participants gave online informed consent.  
 
Assessments 
As a measure of subclinical psychiatric experiences, the CAPE questionnaire 
was used. The CAPE is a 42-item, self rating instrument and has a three-factor 
structure of 20 questions in the positive symptom dimension (delusional 
thinking, verbal- and visual hallucinations), 14 in the negative and 8 in the 
depressive dimension. It measures frequency as well as distress associated with 
these experiences. The questionnaire has discriminative validity for the 
different symptom dimensions in individuals from the general population 
(Konings et al., 2006;Hanssen et al., 2003;Stefanis et al., 
2002)(http://www.cape42.homestead.com/). The primary outcome measure 
was the odds ratio to belong to the highest 10% of total- and dimensional scores 
(positive, negative and depressive). Web-based questionnaires are reliable for 
epidemiologic research purposes, especially in settings in which internet access 
is high (Ekman et al., 2006), as is the case in The Netherlands where 99% of all 
adolescents use the internet on a daily basis (CBS Statistics Netherlands, 2009).  
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Cannabis measures 
In the Netherlands, THC-concentration and cannabis market value are highly 
correlated in marijuana (r=0.365, p < 0.001) and in hashish (r=0.719, p < 
0.001)(Trimbos, 2009). Therefore, we assessed the amount of euros (€) spent 
on cannabis per week in the last month, as a proxy measure of exposure to 
THC. For reference, prices range from €4.30 for one gram of imported 
marijuana with an average THC percentage of 5.5% to €15, - per gram of Dutch 
hashish with an average THC concentration of 33.3% (Niesink et al., 2009b). 
Participants were asked how many euros equivalent of cannabis they use per 
week and to choose one of the following classes; 1) cannabis naïve individuals 
who indicated never to have used cannabis; 2) participants using cannabis 
incidentally or spending less than 3 euros per week; 3) individuals spending 
between 3-10 euros per week on cannabis; 4) participants spending between 
10-25 euros per week; and 5) individuals spending more than 25 euros per week 
on cannabis. All categories (except for the first two groups) applied to the last 
month or longer. The initial age of cannabis use was categorized by asking 
participants which of the following five subgroups describes their cannabis use 
history; 1) participants who started to use before the age of 12 years; 2) first 
cannabis use between 12 and 15 years; 3) between 15 and 18 years; 4) between 
the age of 18 to 20 years; and 5) individuals that started to use after their 20th 
birthday. 
 
Concomitant drug use 
As part of another ongoing study, the first 13,000 participants were asked to 
fill out a number of additional questionnaires on various topics such as 
concomitant drug use. A sub sample of 816 participants completed a digital 
version of the drug use section of the Composite International Diagnostic 
Interview (CIDI) (Robins et al., 1988 408). This sub sample did not differ 
significantly from the total sample in terms of cannabis use, CAPE score, age, 
sex and educational level.  
 
Statistical analysis 
Firstly, we analyzed the relation between the weekly amount of money spent 
on cannabis and having a top 10% score on the different symptom dimensions. 
Odds Ratios (ORs) and their 95% confidence intervals (95% CI) for the amount of 
cannabis use were calculated using logistic regression, with a dichotomized 
score on the total CAPE and  the three dimensions of the CAPE as the 
dependent variable and THC exposure categories as the independent variables. 
Cannabis naïve individuals were used as the reference group. Corrected ORs 
and their 95%CI were calculated with additional adjustment for age, gender 
and level of education. Secondly, in the subgroup that used cannabis, ORs and 
their 95% CI for initial age of cannabis use were calculated using logistic 
regression, with a dichotomized score on the total CAPE and the three 
dimensions of the CAPE as the dependent variable and age categories as the 
independent variables. The age category of modal initial age (15 -18 years) was 
used as reference group to assess the risks of early use (i.e. before the age of 
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answers. Participants that failed to correctly fill out the verification questions 
were excluded. To increase the homogeneity of the sample participants that 
indicated to be younger than 10 years or older than 60 years of age were 
excluded. After exclusion of these individuals, 17,698 participants remained 
(81% of 21,838). This study was approved by the UMC Utrecht medical ethical 
commission and all participants gave online informed consent.  
 
Assessments 
As a measure of subclinical psychiatric experiences, the CAPE questionnaire 
was used. The CAPE is a 42-item, self rating instrument and has a three-factor 
structure of 20 questions in the positive symptom dimension (delusional 
thinking, verbal- and visual hallucinations), 14 in the negative and 8 in the 
depressive dimension. It measures frequency as well as distress associated with 
these experiences. The questionnaire has discriminative validity for the 
different symptom dimensions in individuals from the general population 
(Konings et al., 2006;Hanssen et al., 2003;Stefanis et al., 
2002)(http://www.cape42.homestead.com/). The primary outcome measure 
was the odds ratio to belong to the highest 10% of total- and dimensional scores 
(positive, negative and depressive). Web-based questionnaires are reliable for 
epidemiologic research purposes, especially in settings in which internet access 
is high (Ekman et al., 2006), as is the case in The Netherlands where 99% of all 
adolescents use the internet on a daily basis (CBS Statistics Netherlands, 2009).  
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Cannabis measures 
In the Netherlands, THC-concentration and cannabis market value are highly 
correlated in marijuana (r=0.365, p < 0.001) and in hashish (r=0.719, p < 
0.001)(Trimbos, 2009). Therefore, we assessed the amount of euros (€) spent 
on cannabis per week in the last month, as a proxy measure of exposure to 
THC. For reference, prices range from €4.30 for one gram of imported 
marijuana with an average THC percentage of 5.5% to €15, - per gram of Dutch 
hashish with an average THC concentration of 33.3% (Niesink et al., 2009b). 
Participants were asked how many euros equivalent of cannabis they use per 
week and to choose one of the following classes; 1) cannabis naïve individuals 
who indicated never to have used cannabis; 2) participants using cannabis 
incidentally or spending less than 3 euros per week; 3) individuals spending 
between 3-10 euros per week on cannabis; 4) participants spending between 
10-25 euros per week; and 5) individuals spending more than 25 euros per week 
on cannabis. All categories (except for the first two groups) applied to the last 
month or longer. The initial age of cannabis use was categorized by asking 
participants which of the following five subgroups describes their cannabis use 
history; 1) participants who started to use before the age of 12 years; 2) first 
cannabis use between 12 and 15 years; 3) between 15 and 18 years; 4) between 
the age of 18 to 20 years; and 5) individuals that started to use after their 20th 
birthday. 
 
Concomitant drug use 
As part of another ongoing study, the first 13,000 participants were asked to 
fill out a number of additional questionnaires on various topics such as 
concomitant drug use. A sub sample of 816 participants completed a digital 
version of the drug use section of the Composite International Diagnostic 
Interview (CIDI) (Robins et al., 1988 408). This sub sample did not differ 
significantly from the total sample in terms of cannabis use, CAPE score, age, 
sex and educational level.  
 
Statistical analysis 
Firstly, we analyzed the relation between the weekly amount of money spent 
on cannabis and having a top 10% score on the different symptom dimensions. 
Odds Ratios (ORs) and their 95% confidence intervals (95% CI) for the amount of 
cannabis use were calculated using logistic regression, with a dichotomized 
score on the total CAPE and  the three dimensions of the CAPE as the 
dependent variable and THC exposure categories as the independent variables. 
Cannabis naïve individuals were used as the reference group. Corrected ORs 
and their 95%CI were calculated with additional adjustment for age, gender 
and level of education. Secondly, in the subgroup that used cannabis, ORs and 
their 95% CI for initial age of cannabis use were calculated using logistic 
regression, with a dichotomized score on the total CAPE and the three 
dimensions of the CAPE as the dependent variable and age categories as the 
independent variables. The age category of modal initial age (15 -18 years) was 
used as reference group to assess the risks of early use (i.e. before the age of 
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12 years) compared to a more common starting age of cannabis use. Corrected 
ORs and their 95%CI were calculated with additional adjustment for age, 
gender and level of education.  
To assess the sensitivity of our results to selection bias, we performed two 
additional analyses. We estimated the impact of a hypothetical decrease in the 
number of heavy users (>25€/week) with total CAPE score in the top10% of the 
distribution. The same calculation was performed considering a hypothetical 
decrease of individuals with a top 10% CAPE score that started to use cannabis 
at or before the age of 12. Randomly, a predefined fraction of the heavy or 
young users was excluded and the association between cannabis use and a top 
10% CAPE score was estimated in the remaining participants. This procedure 
was repeated 1,000 times for each predefined fraction and odds ratios and 
their confidence intervals were pooled using Rubin’s rule (Rubin, 1987).  
Additional analyses were performed to assess the influence of lifetime 
concomitant drug use using the logistic regression model as described before 
with an extra indicator for concomitant use. Data were analyzed using R for 
Windows, version 2.9.1 (Development Core Team (2005), 2005). 
 
RESULTS  

A total of 17,698 subjects participated in our study. The mean age in our 
sample was 21 years (SD:4.2) and 51% was male. The educational level of the 
sample was comparable to the Dutch population in this age group (CBS 
Statistics Netherlands, 2008). No educational diploma had been attained by 
0.1% of the sample, secondary school was the highest educational attainment 
in 50.4%, 34.3% had a non-academic post-secondary school diploma and 8.3% 
had an academic diploma. Table 1 presents further characteristics of the 
sample.  

 
Table 1. Participants characteristics  
 Total Group Non-Users Users 
Number of participants 17,698 5,842 11,856 
Gender (% male) 51 32.9 57 
Mean age (SD) 21.6 (4.2) 21.0 (3.8) 22.0 (4.3) 
Total cape score mean (SD) 101.3 (30,1) 99.1 (27.2) 102.4 (31.4) 
Positive dimension mean (SD) 38.4 (12.7) 37.3 (11.3) 38.9 (13.3) 
Negative dimension mean (SD) 39.0 (14.1) 37.8 (12.9) 39.6 (14.6) 
Depressive dimension mean (SD) 23.9 (8.7) 24.0 (8.1) 23.9 (8.9) 

 
Initial age of cannabis use 

Individuals who started to use cannabis before the age of 12 years, had an 
adjusted odds ratio of 3.1 (95%CI 2.1 – 4.3) for the highest 10% of scores on 
psychotic experiences compared to participants with a modal starting age (15-
18 years). Starting to use between the age of 12 and 15 years resulted in an 
adjusted odds ratio of 1.2 (95%CI 1.0 – 1.3). Initial age of cannabis use after 18 
years was not associated with an increased score on psychotic experiences. An 

with using cannabis before the age of 12 (OR: 1.7 (95%CI 1.1 – 2.5)) and also 
before the age of 15 (OR: 1.1 (95%CI 1.0 – 1.3)). Using cannabis for the first 
time after the age of 18 years was not associated with an increased OR for the 
negative symptom dimension. In contrast, depressive symptoms were not 
associated with a young initial age of cannabis use. However, individuals who 
started after the age of 20 years experienced more depressive symptoms than 
the reference group (OR: 1.4, 95%CI: 1.0 – 1.8)). Figure 1 depicts adjusted odds 
ratios for five categories of initial age of cannabis use and a psychotic 
experiences score in the top 10% in the three symptom dimensions. Table 2 
shows all adjusted odds ratios and their 95% confidence intervals for top 10% 
scores on the total CAPE and its three symptom dimensions. 

 

Quantity of weekly cannabis use 

Analyzing the odds ratios associated with quantity of use, we found that the 
odds ratio for a top 10% score on psychotic experiences increases with the 
amount of cannabis that subjects indicate to use weekly. Odds ratios for a top 
10% score on psychotic experiences range from 1.7 (96%CI 1.1 – 2.1) in users 
consuming €3 to €9 weekly to 3.0 (95%CI 2.4 – 3.6) in heavy users (>€25). 
Likewise, quantity of use was associated to negative symptoms with adjusted 
odds ratios ranging from 1.3 (95%CI 1.1 – 1.6) in participants who used between 
€3 and €9 per week to 3.4 (95%CI 2.9 – 4.1) in individuals who consume a 
weekly equivalent of more than €25. Computation of the adjusted odds ratios 
for a top 10% score on depressive symptoms produced an odds ratio of 1.3 
(95%CI 1.1 - 1.5) in participants that used a weekly cannabis equivalent of €3 to 
€9 euros. Spending more than 25 euros per week on cannabis was associated 
with an adjusted odds ratio of 2.8 (95%CI 2.3 – 3.3) in this symptom dimension. 
Cannabis naïve subjects were used as the reference group in these analyses. All 
odds ratios are listed in table 2. Figure 2 depicts the adjusted odds ratios per 
category of weekly amount of use for a top 10% score on each of the three 
symptom dimensions.  

 

Concomitant drug use 

In the subsample in which information on concomitant drug use was available 
(N=816, not shown in tables), we performed an additional logistic regression 
analysis to assess the impact of lifetime use of other drugs than cannabis on 
the presented associations. In the group that used more than €25 worth of 
cannabis weekly, the odds ratio for a top 10% total CAPE score was 14.35 (95% 
CI 3.3 – 61.6) after adjustment for concomitant drug use. In this model, the 
odds ratio for a top10% CAPE score associated with concomitant drug use was 
3.1 (95%CI 0.8 – 12.7). The odds ratio for a top 10% total CAPE score in 
participants who started before the age of 12 years was 2.3 (95%CI 0.6 – 8.7) 
after adjustment for concomitant use. 
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12 years) compared to a more common starting age of cannabis use. Corrected 
ORs and their 95%CI were calculated with additional adjustment for age, 
gender and level of education.  
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young users was excluded and the association between cannabis use and a top 
10% CAPE score was estimated in the remaining participants. This procedure 
was repeated 1,000 times for each predefined fraction and odds ratios and 
their confidence intervals were pooled using Rubin’s rule (Rubin, 1987).  
Additional analyses were performed to assess the influence of lifetime 
concomitant drug use using the logistic regression model as described before 
with an extra indicator for concomitant use. Data were analyzed using R for 
Windows, version 2.9.1 (Development Core Team (2005), 2005). 
 
RESULTS  

A total of 17,698 subjects participated in our study. The mean age in our 
sample was 21 years (SD:4.2) and 51% was male. The educational level of the 
sample was comparable to the Dutch population in this age group (CBS 
Statistics Netherlands, 2008). No educational diploma had been attained by 
0.1% of the sample, secondary school was the highest educational attainment 
in 50.4%, 34.3% had a non-academic post-secondary school diploma and 8.3% 
had an academic diploma. Table 1 presents further characteristics of the 
sample.  

 
Table 1. Participants characteristics  
 Total Group Non-Users Users 
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Mean age (SD) 21.6 (4.2) 21.0 (3.8) 22.0 (4.3) 
Total cape score mean (SD) 101.3 (30,1) 99.1 (27.2) 102.4 (31.4) 
Positive dimension mean (SD) 38.4 (12.7) 37.3 (11.3) 38.9 (13.3) 
Negative dimension mean (SD) 39.0 (14.1) 37.8 (12.9) 39.6 (14.6) 
Depressive dimension mean (SD) 23.9 (8.7) 24.0 (8.1) 23.9 (8.9) 
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Individuals who started to use cannabis before the age of 12 years, had an 
adjusted odds ratio of 3.1 (95%CI 2.1 – 4.3) for the highest 10% of scores on 
psychotic experiences compared to participants with a modal starting age (15-
18 years). Starting to use between the age of 12 and 15 years resulted in an 
adjusted odds ratio of 1.2 (95%CI 1.0 – 1.3). Initial age of cannabis use after 18 
years was not associated with an increased score on psychotic experiences. An 

with using cannabis before the age of 12 (OR: 1.7 (95%CI 1.1 – 2.5)) and also 
before the age of 15 (OR: 1.1 (95%CI 1.0 – 1.3)). Using cannabis for the first 
time after the age of 18 years was not associated with an increased OR for the 
negative symptom dimension. In contrast, depressive symptoms were not 
associated with a young initial age of cannabis use. However, individuals who 
started after the age of 20 years experienced more depressive symptoms than 
the reference group (OR: 1.4, 95%CI: 1.0 – 1.8)). Figure 1 depicts adjusted odds 
ratios for five categories of initial age of cannabis use and a psychotic 
experiences score in the top 10% in the three symptom dimensions. Table 2 
shows all adjusted odds ratios and their 95% confidence intervals for top 10% 
scores on the total CAPE and its three symptom dimensions. 

 

Quantity of weekly cannabis use 

Analyzing the odds ratios associated with quantity of use, we found that the 
odds ratio for a top 10% score on psychotic experiences increases with the 
amount of cannabis that subjects indicate to use weekly. Odds ratios for a top 
10% score on psychotic experiences range from 1.7 (96%CI 1.1 – 2.1) in users 
consuming €3 to €9 weekly to 3.0 (95%CI 2.4 – 3.6) in heavy users (>€25). 
Likewise, quantity of use was associated to negative symptoms with adjusted 
odds ratios ranging from 1.3 (95%CI 1.1 – 1.6) in participants who used between 
€3 and €9 per week to 3.4 (95%CI 2.9 – 4.1) in individuals who consume a 
weekly equivalent of more than €25. Computation of the adjusted odds ratios 
for a top 10% score on depressive symptoms produced an odds ratio of 1.3 
(95%CI 1.1 - 1.5) in participants that used a weekly cannabis equivalent of €3 to 
€9 euros. Spending more than 25 euros per week on cannabis was associated 
with an adjusted odds ratio of 2.8 (95%CI 2.3 – 3.3) in this symptom dimension. 
Cannabis naïve subjects were used as the reference group in these analyses. All 
odds ratios are listed in table 2. Figure 2 depicts the adjusted odds ratios per 
category of weekly amount of use for a top 10% score on each of the three 
symptom dimensions.  

 

Concomitant drug use 

In the subsample in which information on concomitant drug use was available 
(N=816, not shown in tables), we performed an additional logistic regression 
analysis to assess the impact of lifetime use of other drugs than cannabis on 
the presented associations. In the group that used more than €25 worth of 
cannabis weekly, the odds ratio for a top 10% total CAPE score was 14.35 (95% 
CI 3.3 – 61.6) after adjustment for concomitant drug use. In this model, the 
odds ratio for a top10% CAPE score associated with concomitant drug use was 
3.1 (95%CI 0.8 – 12.7). The odds ratio for a top 10% total CAPE score in 
participants who started before the age of 12 years was 2.3 (95%CI 0.6 – 8.7) 
after adjustment for concomitant use. 
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Table 2. Full-model odds ratios with 95% confidence interval boundaries for the top 10% scores 
on the three symptom dimensions and the total scores of psychiatric experiences. Significant 
OR’s are bold. 
Amount of €/week OR for a top10% total      
CAPE score 

Corrected OR* Lower 95% CI Upper 95% CI 

Cannabis naïve (N=5842) ** 1.00 - - 

0 to 3 € (N=6,432) 0.96 0.82 1.13 

3 to 9 € (N=1,814) 1.46 1.21 1.76 

9 to 25 € (N=2,106) 2.00 1.68 2.38 

>25 € (N=1,504) 3.54 2.94 4.26 

Amount of €/week OR for top10%             
positive dimension score 

Corrected OR* Lower 95% CI Upper 95% CI 

Cannabis naïve (N=5842) ** 1.00 - - 

0 to 3 € (N=6,432) 0.98 0.84 1.15 

3 to 9 € (N=1,814) 1.72 1.44 2.06 

9 to 25 € (N=2,106) 1.96 1.65 2.33 

>25 € (N=1,504) 2.95 2.44 3.56 

Amount of €/week OR for top10%           
negative dimension score 

Corrected OR* Lower 95% CI Upper 95% CI 

Cannabis naïve (N=5842) ** 1.00 - - 

0 to 3 € (N=6,432) 0.95 0.81 1.11 

3 to 9 € (N=1,814) 1.34 1.11 1.62 

9 to 25 € (N=2,106) 2.05 1.74 2.42 

>25 € (N=1,504) 3.43 2.87 4.1 

Amount of €/week OR for top10%        
depressive dimension score 

Corrected OR* Lower 95% CI Upper 95% CI 

Cannabis naïve (N=5842) ** 1.00 - - 

0 to 3 € (N=6,432) 1.01 0.87 1.16 

3 to 9 € (N=1,814) 1.26 1.05 1.52 

9 to 25 € (N=2,106) 1.63 1.37 1.94 

>25 € (N=1,504) 2.75 2.28 3.32 
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Table 2. Continued 

Initial age OR for a top10% total                       
CAPE score 

Corrected OR** Lower 95% CI Upper 95% CI 

>20 (N=545) 1.18 0.90 1.55 

18-20 (N=1,909) 0.94 0.78 1.13 

15-18 (N=5,722) ** 1.00 - - 

12-15 (N=3,426) 1.16 1.01 1.32 

<12 (N=154) 1.82 1.23 2.70 

Initial age OR for a top10%                         
positive dimension score 

Corrected OR** Lower 95% CI Upper 95% CI 

>20 (N=545) 1.06 0.76 1.48 

18-20 (N=1,909) 0.84 0.69 1.01 

15-18 (N=5,722) ** 1.00 - - 

12-15 (N=3,426) 1.15 1.01 1.31 

<12 (N=154) 3.05 2.14 4.34 

Initial age OR for top10%                           
negative dimension score 

Corrected OR** Lower 95% CI Upper 95% CI 

>20 (N=545) 1.22 0.89 1.66 

18-20 (N=1,909) 1.02 0.85 1.22 

15-18 (N=5,722) ** 1.00 - - 

12-15 (N=3,426) 1.14 1.00 1.30 

<12 (N=154) 1.66 1.13 2.45 

Initial age OR for top10%                       
depressive dimension score 

Corrected OR** Lower 95% CI Upper 95% CI 

>20 (N=545) 1.35 1.01 1.80 

18-20 (N=1,909) 0.95 0.79 1.14 

15-18 (N=5,722) *** 1.00 - - 

12-15 (N=3,426) 1.04 0.91 1.20 

<12 (N=154) 1.24 0.80 1.94 

* Adjusted for age, gender, level of education and of onset age of cannabis consumption in the total study population. 
** Adjusted for age, gender, level of education and of onset age of cannabis consumption in the cannabis users.  
*** Reference group in logistic regression analysis. 
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Table 2. Continued 
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In the model for age of initial use, the odds ratio associated with the presence 
or absence of concomitant drug use was 0.9 (95%CI 0.4 – 2.0). A wide 
confidence interval and strong collinearity between concomitant drug use and 
an early initial age of cannabis use (r>0.8), indicate a weak statistical model. 
 

Analysis of sensitivity to selection bias 

It is conceivable that subjects experiencing psychiatric symptoms were more 
likely to participate in our study. If such selection was simultaneously skewed 
towards those that started to use cannabis before the age of 12 years or use 
more than 25€ per week, selection bias could have influenced the results. To 
quantitatively assess the sensitivity of the current design to such selection bias, 
we calculated the impact of a decrease in the number of participants with a 
high total score on psychiatric experiences (total CAPE) and i) a history of 
initial cannabis use before the age of twelve years or ii) having used a cannabis 
equivalent of more than €25 during the last month. These analyses indicate 
that the odds ratio would remain significant until 20% of participants with a 
high score on psychiatric experiences who also started to use cannabis before 
the age of 12 years are excluded from the analysis. Exclusion of 63% of 
participants with a high score on psychiatric experiences and heavy use 
(>€25/week) over the last month would render the association nonsignificant. 
The adjusted odds ratios for several hypothetical steps can be found in table 3. 
 
Table 3. Selection Bias Analysis, showing hypothetical adjusted odds ratios after exclusion of 
different proportions of participants with a total CAPE score in the top 10% of the distribution 
and 1) initial age of use before the age of 12 years or 2) heavy use (>€25/week) of cannabis. 
proportion of  
excluded  
participants 

adjusted odds 
ratio for onset 
age <12 * 

 
95% CI 

 

adjusted 
odds ratio for 
use >25€/ 
week * 

 
95% CI 

 

  lower upper  lower upper 
0 1.82 1.23 2.70 3.54 2.94 4.26 
0.1 1.64 1.09 2.46 3.16 2.61 3.83 
0.2 1.45 0.95 2.21 2.79 2.29 3.40 
0.3 1.27 0.82 1.98 2.43 1.98 2.98 
0.4 1.09 0.68 1.74 2.07 1.67 2.56 
0.5 - - - 1.70 1.36 2.13 
0.6 - - - 1.35 1.06 1.71 
* adjusted for age, gender and level of education. 
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Figure 1. Subclinical psychiatric symptoms and initial age of cannabis usewith the modal 
starting age category (15-18 years) as reference group (Total N=11,856). 

 
* Adjusted for age, gender, educational level and amount of cannabis use. 

 
DISCUSSION 
We investigated the association between initial age and amount of cannabis use 
and psychiatric experiences in three symptom dimensions (positive, negative 
and depressive) in a sample of over 17,500 participants with a mean age of 21 
years. We found that young initial age of cannabis use is strongly associated 
with current psychotic experiences. Although young cannabis users also had 
significantly increased odds ratios of experiencing more negative symptoms, 
the odds ratio for psychotic experiences was almost twice as high. Depressive 
symptoms were not associated with early onset of cannabis use. We also found 
that the amount of cannabis use is equally strongly related to positive-, 
negative- and depressive symptoms. Finally, our results show that moderate 
cannabis use and onset of cannabis use after the age of 18 years, did not 
increase the odds for having subclinical psychiatric experiences. 
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In the model for age of initial use, the odds ratio associated with the presence 
or absence of concomitant drug use was 0.9 (95%CI 0.4 – 2.0). A wide 
confidence interval and strong collinearity between concomitant drug use and 
an early initial age of cannabis use (r>0.8), indicate a weak statistical model. 
 

Analysis of sensitivity to selection bias 

It is conceivable that subjects experiencing psychiatric symptoms were more 
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towards those that started to use cannabis before the age of 12 years or use 
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we calculated the impact of a decrease in the number of participants with a 
high total score on psychiatric experiences (total CAPE) and i) a history of 
initial cannabis use before the age of twelve years or ii) having used a cannabis 
equivalent of more than €25 during the last month. These analyses indicate 
that the odds ratio would remain significant until 20% of participants with a 
high score on psychiatric experiences who also started to use cannabis before 
the age of 12 years are excluded from the analysis. Exclusion of 63% of 
participants with a high score on psychiatric experiences and heavy use 
(>€25/week) over the last month would render the association nonsignificant. 
The adjusted odds ratios for several hypothetical steps can be found in table 3. 
 
Table 3. Selection Bias Analysis, showing hypothetical adjusted odds ratios after exclusion of 
different proportions of participants with a total CAPE score in the top 10% of the distribution 
and 1) initial age of use before the age of 12 years or 2) heavy use (>€25/week) of cannabis. 
proportion of  
excluded  
participants 

adjusted odds 
ratio for onset 
age <12 * 

 
95% CI 

 

adjusted 
odds ratio for 
use >25€/ 
week * 

 
95% CI 

 

  lower upper  lower upper 
0 1.82 1.23 2.70 3.54 2.94 4.26 
0.1 1.64 1.09 2.46 3.16 2.61 3.83 
0.2 1.45 0.95 2.21 2.79 2.29 3.40 
0.3 1.27 0.82 1.98 2.43 1.98 2.98 
0.4 1.09 0.68 1.74 2.07 1.67 2.56 
0.5 - - - 1.70 1.36 2.13 
0.6 - - - 1.35 1.06 1.71 
* adjusted for age, gender and level of education. 
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Figure 1. Subclinical psychiatric symptoms and initial age of cannabis usewith the modal 
starting age category (15-18 years) as reference group (Total N=11,856). 

 
* Adjusted for age, gender, educational level and amount of cannabis use. 

 
DISCUSSION 
We investigated the association between initial age and amount of cannabis use 
and psychiatric experiences in three symptom dimensions (positive, negative 
and depressive) in a sample of over 17,500 participants with a mean age of 21 
years. We found that young initial age of cannabis use is strongly associated 
with current psychotic experiences. Although young cannabis users also had 
significantly increased odds ratios of experiencing more negative symptoms, 
the odds ratio for psychotic experiences was almost twice as high. Depressive 
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An alternative hypothesis is that increased vulnerability to THC during critical 
phases of brain maturation, as in early puberty, is reflected in a specific 
association between psychotic experiences and a young initial age of THC 
exposure. Such a window of vulnerability in early puberty is supported by a 
recent cohort study that showed that early cannabis use is a risk-modifying 
factor for psychosis-related outcomes in young adults (McGrath et al., 2010) 
and by experimental studies of the endocannabinoid system (ECN). The ECN 
plays an important role in brain organization during prenatal development and 
early puberty (Chevaleyre et al., 2006). Exposure to high levels of exo 
cannabinoids, such as THC, can disrupt neuronal signalling and might interfere 
with the activity of the endocannabinoid system during stages of high neuronal 
plasticity (Trezza et al., 2008;Lewis, 1997). In animal models, exposure to 
cannabinoids during critical periods of brain maturation has a profound 
influence on the development of GABA-ergic- (Garcia-Gil et al., 1999), 
glutamatergic- (Suarez et al., 2004), serotonergic- (Molina-Holgado et al., 
1997) and the catecholaminergic system (Fernandez-Ruiz et al., 2000;Garcia-
Gil et al., 1997;Hernandez et al., 2000). In agreement with such an impact of 
THC exposure early in life on the development of neurotransmitter systems, a 
number of papers report a dramatic effect of THC exposure in early puberty on 
various cognitive measures in animals (Schneider and Koch, 2003;Cha et al., 
2006;O'Shea et al., 2004;Quinn et al., 2008).  
We also noticed the relatively high symptom scores among individuals that 
started to use cannabis after the age of 20 years. 
 
Quantity of weekly cannabis use 
The second main finding of our study is that the amount of weekly cannabis use 
is equally associated with positive-, negative- and depressive symptoms (figure 
2). In subjects who use cannabis excessively (>€25 per week) the odds ratio for 
increased negative symptoms is 3.4 (95%CI 2.9 – 4.1), for psychotic experiences 
the odds ratio is 3.0 (95%CI 2.4 – 3.6) and for a top 10% score on depressive 
symptoms the odds ratio is 2.8 (95%CI: 2.3 – 3.3). These odds ratios are similar 
to those reported for the association between the amount of cannabis use and 
developing a psychotic disorder (Moore et al., 2007). An association of cannabis 
use with depression was also found before (Patton et al., 2002;Moore et al., 
2007) but not in two previous studies utilizing the CAPE (Stefanis et al., 
2004;Verdoux et al., 2003).  
Three previous studies reported that the association between cannabis use and 
psychiatric symptoms is stronger in younger subjects (Stefanis et al., 
2004;Arseneault et al., 2002;Fergusson et al., 2003). However, the current 
study is the first to explicitly examine associations with specific symptom 
profiles. Due to the large sample size we are able to directly compare groups 
with different initial ages of cannabis use, including a group that started before 
the age of 12 years. Other strengths of the current study are the informative 
measure of THC exposure (€/week), use of a single well validated instrument 
(CAPE) in all subjects and an anonymous setting which potentially increases the 
questionnaire sensitivity (Joinson, 1999;Buchanan and Smith, 1999). By 

 52

Figure 2. Subclinical psychiatric symptoms and weekly amount of use during the last month or 
longer with the cannabis naïve group as reference (Total N=17,698).  

 
* Adjusted for age, gender and educational level. 
 
Initial age of cannabis use 
An age-related association between cannabis use and subclinical symptoms was 
described before. However, from these studies it is not possible to identify the 
most vulnerable age group (Stefanis et al., 2004;Arseneault et al., 
2002;Fergusson et al., 2003). As these studies were cross-sectional too, they 
also do not allow causal inference. Therefore it is possible that this association 
reflects an increased propensity of young people with psychotic experiences to 
commence cannabis use. Another alternative explanation of these findings 
could be higher cumulative exposure to cannabis of early users, this hypothesis 
assumes that subjects that started at a young age continued to use cannabis in 
a certain pattern until present date, however detailed information on the 
pattern of use from onset to current use was not available. The disproportional 
level of psychotic symptoms among young cannabis users, compared to the 
more balanced profile of psychiatric symptoms that is associated with current 
quantity of cannabis use, is not easily explained by reverse causality or higher 
cumulative exposure. However, given the cross-sectional nature of the data, do 
not allow such causal inference. 
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Figure 2. Subclinical psychiatric symptoms and weekly amount of use during the last month or 
longer with the cannabis naïve group as reference (Total N=17,698).  

 
* Adjusted for age, gender and educational level. 
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choosing a top10%-cape score as primary outcome, a stringent measure was 
selected in order to increase relevancy. Individuals with particularly high scores 
on self-reported psychotic symptoms have a higher risk to develop a psychotic 
disorder later in life (Wiles et al., 2006;Hanssen et al., 2005;Poulton et al., 
2000;Chapman et al., 1994;Yung et al., 2009), by choosing a top10% cut off, we 
intended to maximize the informational value of the study. 
 
Web-based questionnaire 
The increased availability of internet access and the development of better 
web-based tools have improved the possibilities to acquire information on 
psychiatric symptoms via the internet such that they are considered a valid 
additional method in epidemiological research (Meyerson and Tryon, 
2003;Balter et al., 2005;Gosling et al., 2004;Ekman et al., 2006). Over the last 
years, numerous internet based assessments have been validated that measure 
a variety of psychiatric phenotypes ranging from cannabis abuse to depression 
(Houston et al., 2001;Vallejo et al., 2007;Khazaal et al., 2008;Graham et al., 
2006;Graham and Papandonatos, 2008;Coles et al., 2007;Lin et al., 
2007;Donker et al., 2009;Cuijpers et al., 2008;Spek et al., 2008). On a more 
critical note the use of web-based assessments could potentially have lead to 
instrument inaccuracy or to information bias. However, the distribution of this 
potential inaccuracy is most likely independent of cannabis use (exposure 
measure), and psychiatric experiences (outcome measure) and is therefore 
unlikely to have systematically influenced the reported associations. A second 
potential concern is the possibility of selection bias due to the online subject 
recruiting strategy. However, as described in the sensitivity analysis our results 
are fairly robust against selection bias. Even in the unlikely event that 
selection has lead to a 20 percent increase in participants with early cannabis 
use and high symptoms score the results would remain significant.  
A potential limitation is the limited availability of information on concomitant 
drug use. However, analysis of these data shows that after adjusting for 
concomitant drug use, the odds ratio for psychotic experiences increased to 
14.4 (95%CI 3.3 – 61.6) in the group that started before the age of 12 years. 
Therefore, these adjusted odds ratios do not weaken the associations reported 
earlier.  
Finally, it is important to notice that the association presented here are based 
on current (last month) and not cumulative cannabis use. It is not known what 
proportion of users have a longer history of cannabis use, implicating that we 
cannot disentangle acute intoxication from long term effects.  
 
Despite the fact that the informational value of the current dataset is limited 
by the retrospective and cross sectional design precluding any inference on 
causality, this study shows that heavy current cannabis use is associated with a 
different symptom profile than early cannabis use. This finding converges with 
epidemiological and animal studies and supports the hypothesis that there is a 
window of increased vulnerability of the maturing brain to the effects of exo 
cannabinoids such as THC, during early puberty. Given the developmental 

 55

nature of psychotic disorders (van Os and Kapur, 2009) further studies are 
warranted to examine the influence of cannabis on brain development.  
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ABSTRACT 
 
Although cannabis use is associated with an increased risk of developing 
psychosis, the cannabis constituent cannabidiol (CBD) may have antipsychotic 
properties. This targeted review aims to provide an overview of currently 
available animal-, human experimental-, imaging-, epidemiological- and 
clinical studies that investigated the antipsychotic properties of CBD. We 
performed a search for English articles using Medline and EMBASE. Studies were 
selected if they described experiments with psychosis models, psychotic 
symptoms or psychotic disorders as outcome measure and involved CBD as 
intervention. The results indicate that CBD impacts differently on the 
endocannabinoid system than Δ9-tetrahydrocannabinol (THC). Evidence from 
several research domains suggests that CBD shows potential for antipsychotic 
treatment. 
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INTRODUCTION  
Rationale and Background 
Schizophrenia is a highly invalidating disorder (van Os and Kapur, 2009), with a 
lifetime prevalence of 0.3 – 0.6% (McGrath et al., 2008). However, since the 
introduction of new generation atypical antipsychotics in the 1990’s, few 
clinically meaningful new treatment options for schizophrenia have emerged.  
Although cannabis use is associated with an increased risk of developing 
schizophrenia, the cannabis constituent cannabidiol (CBD) may have 
antipsychotic properties. Cannabidiol (CBD) is one of the 70 phytocannabinoids 
(Mechoulam et al., 2007) that can be found in the Cannabis sativa plant. CBD 
was first isolated in 1940 (Adams, 1940) and its molecule structure was 
described in the 1960s (Mechoulam et al., 1970a). In 1974 CBD was reported to 
interfere with the psychomimetic actions of Δ9-tetrahydrocannabinol (THC) 
(Karniol et al., 1974) and is since then considered as a potential antipsychotic 
agent.  
This review aims to provide an overview of currently available animal-, human 
experimental-, imaging-, epidemiological- and finally clinical studies that 
investigated the antipsychotic properties of CBD. To assess the evidence on the 
use of cannabidiol in the treatment of psychotic disorders, we performed a 
search for English and non-English articles using Medline and EMBASE. Search 
items included: “cannabidiol and treatment”, “cannabidiol and psychosis” and 
“cannabidiol and schizophrenia”. Each citation was evaluated by reading title 
and abstract and determining relevance and eligibility. Studies were selected if 
they described experiments with psychosis models, psychotic symptoms or 
psychotic disorders as outcome measure and involved CBD as intervention. 
Additional studies were identified by searching reference lists of previously 
identified studies. Studies on other agonists or antagonists of cannabinoid 
receptors were not selected. This paper first provides a brief overview of the 
endocannabinoid system (ECS) and a concise description of the role of the ECS 
in the neuropathology of psychotic disorders. Next we will review the studies 
that investigated the antipsychotic properties of CBD and discuss the 
implications for future studies.  
 
Endocannabinoid System 
 CBD is one of the phytocannabinoids that interacts with the human ECS. The 
main constituents of the ECS are the two well described receptors, CB1r and 
CB2r, and a number of endocannabinoids which play a central role in ECS 
functioning (Pertwee, 2008).  
Five endogenous cannabinoids have been identified (Devane et al., 1992) that 
bind to CB1 or CB2 receptors. The two ligands that are best described are 2-
arachidonoylglycerol (2-AG), a full agonist of CB1r (Mechoulam et al., 
1970a;Pertwee, 2008) and anandamide (N-arachidonoylethanolamine or AEA), a 
partial agonist of CB1r (Howlett, 2002a;Howlett et al., 2004). These 
endogenous cannabinoids, or endocannabinoids, are retrograde signaling, 
polyunsaturated fatty acid derivates. Availability and actions of cannabinoids 
are controlled by enzymes involved with synthesis and degradation, such as 
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fatty acid amide hydrolase (FAAH) and monoglycerol lipase (MGL) (Ueda et al., 
2011). Endocannabinoids are thought to act as retrograde synaptic messengers; 
after neurotransmitters such as glutamate and γ-aminobutyric acid  (GABA) 
induce a postsynaptic increase of intracellular calcium, they are released 
postsynaptically and inhibit the presynaptic release of these neurotransmitters 
(Pertwee, 2008). CB1 receptors thus inhibit release of excitatory and inhibitory 
neurotransmitters such as acetylcholine, noradrenaline, GABA, glutamate and 
dopamine (Freund et al., 2003). The ECS has a role in several physiological 
processes such as memory (Hampson and Deadwyler, 1999), appetite (Di Marzo 
et al., 2001) and stress responses (Hill et al., 2010).  
The two cannabinoid receptors are very different. The CB1 receptor is the most 
prominent G-coupled endocannabinoid receptor in the central nervous system 
(CNS) (Marco et al., 2011b). It is a transmembrane receptor that convert 
extracellular stimuli into downstream intracellular signaling pathways such as 
downregulation of cAMP following inhibition of adenylyl cyclase, activation of 
MAP kinase and inhibition of voltage-gated Ca2+ channels (Howlett, 
2002a;Howlett et al., 2004). Further downstream effects of these signaling 
pathways are complex and numerous and are beyond the scope of this paper, 
for review see Howlett 2010 (Howlett et al., 2010). CB1 receptors are found in 
the central and peripheral nervous system, but also in other organs such as 
digestive system tissue and the respiratory tract. Expression of CB1r is 
particularly abundant in nerve terminals in the cerebellum, hippocampus, basal 
ganglia and frontal cortex but is also prevalent in the basolateral amygdala, 
hypothalamus and midbrain (Mailleux et al., 1992;Glass et al., 1997;Herkenham 
et al., 1991). The expression of CB1r is not limited to neurons (Marco et al., 
2011b) but is also observed on glia cells (Sanchez et al., 1998;Waksman et al., 
1999;Walter et al., 2003).  In contrast to CB1, the expression of CB2 receptors 
is most prominent in the immune system (Munro et al., 1993;Galiegue et al., 
1995) where they act as immunomodulators (Onaivi et al., 2006). Recent data 
demonstrate however that CB2 receptors are also expressed in the CNS, most 
prominently on microglia, the immune cells of the brain (Van Sickle et al., 
2005;Gong et al., 2006;Onaivi et al., 2006;Garcia-Gutierrez and Manzanares, 
2011).  
Recently, other receptors besides CB1r and CB2r, were found to be involved in 
endocannabinoid signaling. Two of these orphan G protein-coupled receptors 
are GPR119 (mainly expressed in the digestive tract) and GPR55 (CNS and 
bone). Moreover vanilloid type 1 (TRPV1) ion channels are also activated by 
endogenous cannabinoids (in CNS) (Henstridge et al., 2011;Brown, 
2007;Starowicz et al., 2008;Balenga et al., 2011).  
Besides endocannabinoids a number of non-endogenous compounds also 
interact with the ECS. These exocannabinoids include the phytocannabinoids 
(such as CBD and THC) and synthetic cannabinoids (such as the CB1R antagonist 
Rimonabant). Probably, these exocannabinoids target CB1 and CB2 receptors in 
a less selective manner than endocannabinoids but the effect is similar to 
endocannabinoids, namely attenuating neurotransmitter release. THC is a 
partial CB1r and CB2r agonist, but with less affinity than AEA. In interaction 
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with inhibitory or excitatory neurotransmitters, THC exerts a mixed inhibitory-
excitatory effect on neuronal activity in different brain areas (Pertwee, 2008).  
 
Endocannabinoid System and psychotic disorders 
Two main lines of evidence suggest that the ECS is involved in the 
neuropathology of psychotic disorders, firstly from studies of cannabinoids and 
secondly from studies on their receptors.  
 
The role of cannabinoids in psychotic disorders 
A series of studies exploring the role of endogenous cannabinoids in the 
neurobiology of schizophrenia revealed that levels of endocannabinoids are 
markedly increased in the cerebrospinal fluid (CSF) and peripheral blood of 
schizophrenia patients. Furthermore, the increased AEA is reversed by 
antipsychotic therapy (Giuffrida et al., 2004;De Marchi et al., 2003;Leweke et 
al., 2007a). Moreover, schizophrenia patients with higher levels of AEA were 
less likely to develop a psychotic episode in the following 42 weeks. The 
authors suggest that the rise in AEA could represent reactive inhibitory 
feedback to over-activation of dopamine D2 receptors. Furthermore, Leweke 
and colleagues found that schizophrenia patients that regularly use cannabis 
have significantly lower AEA levels than schizophrenia patients that do not use 
cannabis. These findings lead to the hypothesis that cannabis use causes 
downregulation of AEA signaling in schizophrenia patients which may in turn 
facilitate psychosis (Giuffrida et al., 2004;Leweke et al., 2012a).  
Besides the role of endocannabinoids in the neurobiology of psychotic 
disorders, a large number of studies address the role of exocannabinoids in the 
development of psychotic disorders. Exposure to THC can cause acute transient 
psychotic symptoms in healthy individuals and schizophrenia patients (D'Souza 
et al., 2005;Yücel et al., 2008). This effect might be related to dopamine 
release in the striatum in humans following THC exposure (Bossong et al., 
2008;Bhattacharyya et al., 2012a) and in the prefrontal cortex in several 
animal models (Chen et al., 1990;Diana et al., 1998;Verrico et al., 2004). 
However, it is still debated if this is indeed a dopamine mediated pathway 
since negative studies have also been presented (Barkus et al., 2011;Kuepper 
et al., 2010;D'Souza et al., 2008;Stokes et al., 2009). 
Although the association between cannabis and psychosis is part of an ongoing 
debate (Macleod et al., 2004;Arseneault et al., 2002;Minozzi et al., 2010), a 
long term effect of cannabinoids is suggested by studies implying cannabis as a 
risk factor for psychotic disorders. Numerous epidemiological studies on 
Psychotic Like Experiences (PLE’s) (Schubart et al., 2010c;van Gastel et al., 
2012;Arseneault et al., 2004) but also psychotic disorders (Moore et al., 2007), 
several imaging studies (Rais et al., 2008;Rapp et al., 2012;Yücel et al., 2008) 
and gene-environment studies (Caspi et al., 2005;Di Forti et al., 2012;Henquet 
et al., 2006;van Winkel R., 2011) contribute to this notion. In addition, the 
course of disease is significantly worsened in schizophrenia patients that 
regularly use cannabis (Linszen et al., 1994;Faber et al., 2012;Grech et al., 
2005).  
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The role of cannabinoid receptors in psychotic disorders 
The second line of evidence that links the ECS with psychotic illness comes 
from studies into the role of the CB1 and CB2 receptors in schizophrenia. A 
series of studies investigated changes in the expression of cannabinoid 
receptors associated with schizophrenia. Dean et al found an increase in 
cannabinoid-1 receptors in the dorsolateral prefrontal cortex in schizophrenia 
patients compared with healthy controls (independent of cannabis use) and an 
increase in the density of cannabinoid-1 receptors in the caudate-putamen in 
response to cannabis use, independent of diagnosis (Dean et al., 2001). In 
contrast, in a post-mortem study investigating the relationship between CB1r 
signaling and altered GABA neurotransmission in schizophrenia, Eggan et al 
found that in the dorsolateral pre-frontal cortex levels of CB1R mRNA were 
significantly lower in subjects with schizophrenia. Since impaired cognitive 
functioning in schizophrenia is associated with reduced GABA 
neurotransmission, the authors hypothesize that reduced CB1r mRNA and 
protein levels in schizophrenia patients represent a compensatory mechanism 
to increase GABA transmission in order to normalize working memory function 
(Eggan et al., 2008).  
A different group examined the distribution and density of CB1 receptors in the 
left anterior cingulate cortex (ACC) taken postmortem from patients with 
schizophrenia and matched controls. A significant increase in CB1 receptors 
was found in the schizophrenia group as compared to the control group, 
suggesting that changes in the endogenous cannabinoid system in the ACC may 
be involved in the pathology of schizophrenia (Zavitsanou et al., 2004). 
Moreover, Newell et al demonstrated an increase in CB1 receptor density in the 
superficial layers of the posterior cingulate cortex in schizophrenia 
(independent of cannabis use) (Newell et al., 2006). Finally, a postmortem 
study in brain tissue of subjects with schizophrenia revealed that antipsychotic 
treatment induces down-regulation of CB1 receptors in the prefrontal cortex. 
The authors suggest that this response could represent an adaptive mechanism 
that reduces the endocannabinoid-mediated suppression of GABA release to 
normalize cognitive dysfunctions (Urigüen et al., 2009). 
Although the available data are ambiguous (Dean et al., 2001;Eggan et al., 
2008), and studies are scarce, they suggest that psychotic illness impacts on 
the functional expression of cannabinoid receptors. 
A different approach that implicates a role for the CB receptors in the 
development of psychosis comes from a series of studies investigating the 
impact of polymorphisms of the CNR1 gene, coding for the CB1 receptor, on 
the risk to develop psychotic illness.  
Ujike et al found that the presence of AAT-repeat microsatellite in the CNR1 
gene is significantly associated with schizophrenia, particularly the 
hebephrenic subtype. This finding was corroborated in other independent 
samples (Ujike et al., 2002;Chavarria-Siles et al., 2008;Martinez-Gras et al., 
2006). However, negative findings have also been reported on this AAT triplet 
(Tsai et al., 2000). Recently, a SNP in CNR1 (rs12720071) was found to 
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moderate the impact of cannabis use on white matter volumes and cognitive 
impairment, also suggesting gene-environment interaction (Ho et al., 2011). 
The CB2 receptor is also related to several biological processes that are 
involved in schizophrenia. A recent genetic association study in two 
independent populations suggested an increased risk of schizophrenia for 
people with a single nucleotide polymorphism (SNP) leading to low CB2 
receptor function (Ishiguro et al., 2010). Furthermore, de Marchi and 
colleagues reported that CB2R mRNA levels were diminished in peripheral blood 
mononuclear cells in patients with schizophrenia after treatment with 
olanzapine (De Marchi et al., 2003). The authors argue that, since CB2R 
expression is subject to downregulation in activated macrophages and 
leukocytes (Klein et al., 2001), the decrease of CB2R mRNA levels could be a 
consequence of reduced activity of blood leukocytes.  
A study in CB2R knock-out mouse revealed that deletion of CB2r might 
decrease motor activity in the open field test. Moreover, this study suggests 
that lacking CB2r was associated with cognitive impairment, an enhanced acute 
response to cocaine, increased PPI deficit and mood-related alterations. The 
authors conclude that in their study, deletion of CB2r is associated with 
schizophrenia like behaviors and point out an opportunity for pharmacologic 
intervention by manipulating CB2r (Ortega-Alvaro et al., 2011).  
 
Cannabidiol and the Endocannabinoid System 
Although cannabidiol has very low affinity for CB1 and CB2 receptors, Pertwee 
and colleagues found that CBD is capable of altering CB1R/CB2R function at 
relatively low concentrations by antagonizing CB1/CB2 receptor agonists such 
as AEA, 2-AG and THC (Thomas et al., 2007;Pertwee, 2008). CBD is therefore 
able to interfere with the impact of THC on the ECS, providing a biological 
basis for the notion that the THC/CBD ratio in cannabis products might 
moderate the risk of cannabis associated adverse effects.  Moreover, CBD 
reduces the cellular uptake of AEA (Bisogno et al., 2001;Leweke et al., 2012a). 
Given the above mentioned hypothesis on the role of AEA in counteracting 
dopamine D2 receptor overactivity, CBD may have antipsychotic capacities by 
counteracting D2 overactivity by increasing synaptic AEA.     
 
Cannabidiol as an antipsychotic agent 
Evidence from animal studies 
The first animal studies investigating the effect of cannabidiol in translational 
psychosis phenotypes, focused on the differential impact of THC and CBD on a 
number of these behavioral phenotypes. In 1970, Mechoulam reported that CBD 
did not induce a range of behavioral changes that was associated with THC 
exposure in rhesus monkeys (Mechoulam et al., 1970a), a finding that was later 
corroborated in a rat model (Fernandes et al., 1974).  
Since the dopamine transmission system is thought to play a key role in 
psychosis (Howes and Kapur, 2009;Fusar-Poli and Meyer-Lindenberg, 
2012a;Fusar-Poli and Meyer-Lindenberg, 2012b), several dopamine based 
animal models of psychosis were proposed as a mean to study the 
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pathophysiology of psychosis in animals. Examples of such models are 
apomorphine, cocaine or amphetamine induced stereotypic behavior and 
hyperlocomotion. Additionally, glutamate N-methyl-d-aspartate (NMDA) 
antagonists such as ketamine, PCP or MK-801, are used for glutamate based 
psychosis models (Lipska and Weinberger, 2000). In several murine psychosis 
model it was demonstrated THC and CBD exposure had different effects on 
hyperlocomotion, catalepsy, reduced startle response and increased prepulse 
inhibition (PPI). Evidence was found that CBD does not only exert very different 
effects than THC, but is capable of reversing psychosis phenotypes. CBD 
reversed THC induced reduction of social interaction in rats (Malone et al., 
2009) and apomorphine induced sniffing, biting and stereotyped behavior 
(Zuardi et al., 1991). CBD (5 mg/kg) also attenuated dexamphetamine-induced 
hyperlocomotion in mice (Long et al., 2010). Furthermore, CBD (30-60 mg/kg) 
was comparable to clozapine, and superior to haloperidol in attenuating 
ketamine induced hyperlocomotion in mice (Moreira and Guimaraes, 2005). 
This correcting effect of CBD on a glutamate hypofunction was later 
corroborated in a similar study investigating MK-801 induced hyperactivity, 
deficits in prepulse inhibition and social withdrawal (Gururajan et al., 2011). 
MK-801 (Dizocilpine) is a non-competitive antagonist of the glutamate receptor 
N-methyl-d-aspartate (NMDA). In a sensory gating model CBD (5 mg/kg) has a 
similar efficacy as clozapine in reversing MK-801 induced prolonged PPI (Long 
et al., 2006). This study demonstrated that this effect of CBD is probably 
mediated through the vanilloid type 1 receptor (TRPV1). The vanilloid receptor 
is a nonselective cation channel that is has been studied extensively for 
involvement in nociception (Cui et al., 2006;Huang et al., 2002). It was already 
known that CBD is capable of binding to TRPV1 (Bisogno et al., 2001) and that 
endocannabinoids also activate TRPV1  (Brown, 2007). A rapidly increasing 
number of studies suggest intensive interplay between vanilloid and 
endocannabinoid systems in several behavioral functions (Umathe et al., 
2012;Fogaca et al., 2012). 
 
A different approach to evaluate the psychopharmacological profile of CBD is to 
compare the effect of CBD on c-fos mediated immunoreactivity to that of 
clozapine and haloperidol. Alteration in expression of the c-fos gene is viewed 
as an immediate-early marker for recent neuronal activity (Day et al., 2008).  
c-fos expression is increased in several brain regions in reaction to typical and 
atypical antipsychotics (Dragunow et al., 1995). Moreover, typical and atypical 
antipsychotics produce different activation patterns (Robertson and Fibiger, 
1992). Guimaraes  et al compared c-fos expression in the nucleus accumbens 
and the dorsal striatum in reaction to haloperidol, clozapine and CBD (120 
mg/kg). Haloperidol induced c-fos expression in the nucleus accumbens (limbic 
region) and in the dorsal striatum (motor region). In contrast CBD and clozapine 
only induced activation in the nucleus accumbens. The similarity in activation 
patterns between CBD and clozapine is an argument for the possible 
relatedness in mechanism of action between atypical antipsychotics and CBD 
(Zuardi et al., 1991;Guimaraes et al., 2004). 
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Evidence from human experimental models 
One of the first studies comparing the psychomimetic effects of THC and CBD 
in humans was performed by Perez-Reyes et al in 1973. The investigators 
showed that compared to THC and cannabinol, CBD did not produce any 
psychological or physiological effects described as feeling “high” (Perez-Reyes 
et al., 1973). Karniol  et al showed in 1974, that simultaneous exposure to CBD, 
blocks THC induced effects on pulse rate, time production tasks and 
psychological reactions as anxiety or panic (Karniol et al., 1974). Zuardi et al in 
1982, was the first to demonstrate that CBD is capable of reducing THC induced 
effects, particularly anxiety (Zuardi et al., 1982;Crippa et al., 2009). In a more 
recent study, Hallak et al found a non-significant trend of CBD to reduce 
ketamine-induced depersonalization in healthy subjects (Hallak et al., 2011). In 
a study investigating the effect of CBD on THC induced behavioral measures 
such as euphoria and psychomotor impairment, Dalton et al found that 
although pretreatment with CBD did not alter THC induced effects, 
simultaneous exposure to CBD did (Dalton et al., 1976).  
Sensorimotor gating of startle response provides a further valuable and 
validated model of psychosis (Braff et al., 2001). In contrast to the animal 
studies described above, one study reported that CBD did not alter THC 
induced subjective reports, measures of cognitive task performance, EEG 
(electroencephalography) and ERP (event-related potential) in humans (Ilan et 
al., 2005). In parallel, CBD failed to demonstrate a reversal of Δ9-THC-induced 
P300 reduction in humans (Roser et al., 2008). However, one possible 
explanation for these contrasting finding is provided by Stadelman et al who 
argue that variation in CNR1 genotypes might differentially alter the sensitivity 
to the acute effects of cannabinoids on P300 generation in healthy subjects 
(Stadelmann et al., 2011).  
A therapeutic effect of CBD is also suggested by a study comparing the effects 
of THC and CBD in an evoked mismatch negativity (MMN) model. MMN is an 
auditory ERP that represents a measure of automatic context-dependent 
information processing and auditory sensory memory. A meta-analysis showed 
that MMN deficits are a robust feature in chronic schizophrenia and indicate 
abnormalities in automatic context-dependent auditory information processing 
and auditory sensory memory (Umbricht and Krljes, 2005). Significantly greater 
MMN amplitude values at central electrodes were found under cannabis 
extract, but not with pure THC in 22 healthy subjects. These greater MMN 
amplitudes may imply higher cortical activation and cognitive performance 
related to the positive effects of CBD (at doses of 5.4mg/kg) (Juckel et al., 
2007). A final, well studied experimental model for psychosis is binocular depth 
inversion (Schneider et al., 2002). Leweke et al investigated the capability of 
CBD to attenuate effects of the synthetic THC like CB1 receptor agonist 
nabilone on binocular depth inversion in 9 healthy subjects. They found that 
CBD (200 mg) clearly reversed nabilone induced effects (Leweke et al., 2000b).  
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Evidence from human experimental models 
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Evidence from imaging studies  
Studies investigating cannabis related changes in brain tissue composition 
provide markedly divergent results (Yücel et al., 2008;Matochik et al., 2005). 
Demirakca provided evidence for the idea that the THC/CBD ratio plays an 
explanatory role for these contrasting results. They found an inverse 
correlation between the THC/CBD ratio in hair samples of cannabis users and 
hippocampal volume, possibly explaining previous divergence in cannabis 
associated patterns of brain tissue composition (Demirakca et al., 2011).  
THC and CBD effects on cerebral activation were also studied with fMRI in 
relation to their potency to induce psychotic symptoms. In one study, three 
healthy volunteers underwent CBD pretreatment before THC admission, which 
successfully blocked the emergence of psychotic symptoms measured by the 
Positive and Negative Syndrome scale (PANSS) (Bhattacharyya et al., 2009;Kay 
et al., 1987). In a later study, the same group showed that THC and CBD have 
opposite effects on regional brain activation during tasks of verbal memory, 
response inhibition, sensory processing, and emotional processing (Fusar-Poli et 
al., 2010b;Fusar-Poli et al., 2009), without significant effects on behavioral 
performance (Bhattacharyya et al., 2010). These differential activation 
patterns were detected in several brain areas, the authors therefore suggest 
that this is a reflection of the fact that the differences in action of THC and 
CBD are not specific for a particular brain area. Furthermore, the authors note 
that the widely distributed brain regions where THC and CBD had opposite 
effects is consistent with the distribution of CB1 receptors in the brain (Elphick 
and Egertova, 2001).  
Borgwardt et al reported that the effects of THC in 15 healthy subjects on 
brain activation during a response inhibition task attenuates the engagement of 
brain regions that mediate response inhibition and that CBD modulated 
function in the left lateral temporal cortex and insula, regions not usually 
implicated in response inhibition (Borgwardt et al., 2008).   
Recently Bhattacharyya et al. investigated the effects of THC and CBD on 
attentional salience processing and found that THC induced psychotic 
symptoms (measured by the PANSS) which was related to striatal activation. 
Moreover, they found that CBD had opposite effects to THC on activation of the 
striatum, prefrontal cortex and medial temporal cortex (Bhattacharyya et al., 
2012b).  
Finally, Winton-Brown and colleagues used fMRI to show that THC and CBD 
modulate brain function differently in areas that are involved with the 
processing of auditory and visual stimuli and relate to induced psychotic 
symptoms according to the PANSS. THC and CBD have opposite effects on 
activation of the right posterior superior temporal gyrus, which is the right-
sided homolog of Wernicke’s area. Moreover, they showed that activation of 
these areas was clearly associated with the experience of psychotic symptoms. 
 
Evidence from epidemiological studies 
Numerous studies show that psychotic outcomes are associated with cannabis 
use in a dose-dependent fashion (Moore et al., 2007;Stefanis et al., 2004;van 
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Gastel et al., 2012;Skinner et al., 2010). The strength of this association might 
be influenced by cannabis potency, which can be defined in terms of the 
concentrations of THC and, inversely, CBD (Potter et al., 2008). In 1982, 
Rotanburg et al described a cohort with a relatively high (30%) percentage of 
psychotic symptoms that could be attributed to the use of cannabis variants 
with relatively low concentrations of cannabidiol (Rottanburg et al., 1982b). In 
an effort to assess the influence of different CBD concentrations in different 
cannabis products on the association between cannabis use and psychosis, Di 
Forti et al compared cannabis use habits of 280 first episode psychosis patients 
with healthy cannabis users and found that patients with psychosis used higher-
potency cannabis (with high concentrations THC and low concentrations CBD), 
for longer duration and with greater frequency (Di Forti et al., 2009). In a more 
direct approach, Morgan and colleagues showed that cannabis users (n=120) 
who have a higher CBD content in hair samples, have fewer psychometric 
psychotic experiences (Morgan and Curran, 2008), a result that was later 
replicated with a similar design in a different sample (Morgan et al., 2011). In a 
study investigating cannabis use associated cognitive performance, Morgan et 
al, found a clear, significant effect of CBD in attenuating THC induced deficits 
in memory performance (Morgan et al., 2010). Recently, we demonstrated in 
1,877 subjects that habitual use of cannabis with relatively high concentrations 
of CBD is associated with the experience of fewer psychotic experiences than 
the use of low CBD cannabis types (Schubart et al., 2011b).  
 
Clinical studies 
Zuardi and colleagues published several reports on the therapeutic use of CBD 
monotherapy in patients with psychotic symptoms. In a case report, successful 
treatment with 1200mg/day CBD was described in a 19 year old woman with 
schizophrenia (Zuardi et al., 1995). In a short report, therapy of 3 treatment 
resistant schizophrenia patients with escalating doses up to 1280mg/day of CBD 
was described, of whom only one patient showed mild symptom improvement. 
The authors speculate that a low initial CBD dose and the treatment resistance 
in these patients, might explain this negative finding. A pilot study 
investigating the effects of CBD in six patients with Parkinson’s Disease and 
psychotic symptoms, demonstrated a significant improvement of psychotic 
symptoms, without worsening motor functioning or cognition (Zuardi et al., 
2009). In another pilot study in patients with acute manic episodes, there was 
no evidence of a benefit of CBD, suggesting that the efficacy is confined to 
non-affective psychosis.  
Finally, Leweke et al reported the first double-blind controlled clinical trial in 
42 acute paranoid schizophrenia or schizophreniform disorder patients 
comparing CBD with amisulpride in treatment during four-weeks. They found 
that the therapeutic effect of CBD in reducing psychotic symptoms, measured 
with the Positive and Negative Syndrome scale (PANSS) was similar to 
amisulpride. However, CBD treatment was accompanied with significantly less 
extrapyramidal side effects, prolactine increase and weight gain than 
amisulpride (Leweke et al., 2012a). Moreover, the authors report an 
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association between higher AEA levels and clinical improvement within subjects 
treated with CBD. Since CBD has the capability to inhibit FAAH and, as 
mentioned above, FAAH activity reduces AEA concentrations, the authors 
suggest that inhibition of FAAH activity by CBD might be a functionally relevant 
component of its antipsychotic properties (Leweke et al., 2012a). 
 
Tolerability 
Extensive in vivo and in vitro reports of CBD administration across a wide range 
of concentrations, did not detect important side or toxic effects, in addition, 
the acute administration of this cannabinoid by different routes did not induce 
any significant toxic effect in humans (Bergamaschi et al., 2011). With a 
median Lethal Dose (LD50) of 212mg/Kg in rhesus monkeys, CBD has a low 
toxicity (Rosenkrantz et al., 1981). Bergamaschi and colleagues demonstrated 
that CBD is well tolerable up to doses of 1500mg/day. Some studies 
investigated mutagenic or teratogenic effects and describe no such events 
(Matsuyama and Fu, 1981;Bergamaschi et al., 2011;Dalterio et al., 1984).  
 
Conclusion 
In summary, evidence from several study domains suggests that CBD has some 
potential as an antipsychotic treatment.  
Animal studies show that CBD is capable of reversing various THC induced 
psychosis like behaviors in dopaminergic but also glutamatergic animal models 
of psychosis. In addition, these studies found that the vanilloid (TRPV1) 
receptor is likely to play an important role in CBD action and some provided 
evidence for the notion that CBD has a neuropharmacological profile that is 
similar to atypical antipsychotics.  
Human studies using experimental models of psychosis found higher cortical 
activation and cognitive performance related to CBD. Moreover, a study using a 
model of binocular depth inversion found that CBD is capable of reversing 
psychosis like effects of the CB1r agonist Nabilone. Finally, several studies 
suggest that CBD is capable of reducing THC induced psychological effects, 
particularly anxiety.  
 
Imaging studies provided various clues on a potential antipsychotic effect of 
CBD. A volumetric MRI study found CBD to have a protective effect on cannabis 
use associated hippocampus volume loss. A functional imaging study showed 
that pretreatment with CBD is capable of preventing THC induced psychotic 
symptoms. Moreover, a series of studies by Bhattacharyya and colleagues 
suggests that THC and CBD have opposite effects on regional brain activation in 
various areas, during psychosis associated tasks.  
Several epidemiological studies investigated differences in effects of cannabis 
type that contain different concentrations of CBD. Cannabis types containing 
more CBD consistently cause less psychotic like experiences in the general 
population.  
A series of relatively small clinical studies in different patient subcategories, 
published by Zuardi and colleagues overall suggests that CBD might have 
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antipsychotic properties. Currently, the first and only clinical trial (n=42) 
comparing CBD to amisulpride clearly reports that CBD is capable of reducing 
psychotic symptoms similar to amisulpride but with significantly less side 
effects.  
Given the high tolerability and superior cost-effectiveness, CBD may prove to 
be an attractive alternative to current antipsychotic treatment, possibly in 
specific subgroups of patients. However, since much remains unknown 
regarding the clinical properties of CBD, further studies are warranted about 
what the use can be of this compound. Illuminating pharmacological pathways 
through which CBD reduces the experience of psychotic symptoms could also 
lead to the design of new synthetic agents that act through the 
endocannabinoid system in ameliorating psychotic symptoms.  
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ABSTRACT 
 
Objective 
Cannabis is associated with psychotic outcomes in numerous studies, an effect 
that is commonly attributed to Δ 9-tetrahydrocannabinol (Δ 9-THC). An 
increasing number of authors identify cannabidiol, another component of the 
cannabis plant, as an antipsychotic agent. The objective of the current study is 
to investigate the role of cannabidiol content in the association between 
cannabis use and psychiatric symptoms in a large non-clinical population of 
cannabis users.  
Methods 
In a web-based cross-sectional study we obtained detailed information about 
cannabis use and subclinical psychiatric experiences using the Community 
Assessment of Psychic Experiences (CAPE). Different types of cannabis (i.e. 
marijuana, hashish etc) have distinctive proportions of Δ 9-THC and 
cannabidiol. Since average concentrations of Δ 9-THC and cannabidiol in the 
most popular types of cannabis sold on the Dutch market are annually 
measured, we were able to quantify exposure to Δ 9-THC and cannabidiol.  
Results 
We included 1877 subjects (mean age 23, SD 6.0) who used the same type of 
cannabis in the majority of the occasions (in >60% of occasions). We found a 
significant inverse relationship (F(1,1877): 14.577, p<0.001) between 
cannabidiol content and self-reported positive symptoms, but not with negative 
symptoms or depression. The estimated effect size of cannabidiol content was 
small.  
Conclusion 
Although the observed effects are subtle, using high cannabidiol content 
cannabis was associated with significantly lower degrees of psychotic symptoms 
providing further support for the antipsychotic potential of cannabidiol.  
 

 91

INTRODUCTION  
The association between cannabis use and psychotic outcomes is reported 
consistently, (Schubart et al., 2010a;Arseneault et al., 2004;Moore et al., 
2007;Skinner et al., 2010) although the causality of this association is difficult 
to assess and still under debate (Macleod et al., 2004;DeLisi, 2008). However, 
as cannabis is the most widely used illicit drug in the world (United Nations 
Office on Drugs and Crime, 2012), clarifying mental health sequelae of 
cannabis use is of great importance. A possible explanation of the 
heterogeneous nature of the findings in this field, is that exposure to cannabis 
is not uniformly defined and that several factors might influence biological 
exposure to cannabis. A number of effect modifying factors have already been 
identified. Cannabis associated risk of psychotic outcomes is increased in 
individuals who use high amounts of cannabis (Moore et al., 2007) and in 
subjects who start to use cannabis early in life (McGrath et al., 2010;Schubart 
et al., 2010a;Konings et al., 2008). Commonly, Δ 9-tetrahydrocannabinol (Δ 9-
THC) is denoted as the main psychoactive ingredient of cannabis products such 
as marijuana and hashish (Mechoulam et al., 1970b) and the concentration or 
content of Δ 9-THC is traditionally considered as the main measure of cannabis 
potency (McLaren et al., 2008). However, cannabis plants contain more than 70 
different cannabinoids that are also found in the cannabis products on the 
market (Elsohly and Slade, 2005). Cannabidiol is one of these cannabinoids and 
a number of studies suggest that cannabidiol has antipsychotic properties and 
could therefore modify the mental health sequelae of cannabis use. (Morgan 
and Curran, 2008;Leweke et al., 2000a;Zuardi et al., 2006b;Zuardi et al., 
1995). Di Forti et al. found that the use of cannabis containing a high Δ 9-THC- 
and a low cannabidiol (CBD) concentration was retrospectively associated with 
a higher risk of a first psychotic episode (Di Forti et al., 2009). Similarly, a 
number of authors hypothesize that cannabidiol possibly antagonizes the 
effects of  Δ 9-THC  (Smith, 2005b;McLaren et al., 2008); i.e. that it has 
protective properties against psychosis.  
Concentrations of cannabidiol and Δ 9-THC differ greatly between various types 
of cannabis products such as marijuana (weed) and hashish (resin), year and by 
place of origin (Potter et al., 2008;Trimbos, 2008;Trimbos, 2009;Mehmedic et 
al., 2010). For instance, in 2008 marijuana produced in The Netherlands 
contained virtually no cannabidiol and had a mean Δ 9-THC concentration of 
16%, whereas hashish imported from countries as Nepal, Afghanistan or 
Morocco, contained a similar concentration of Δ 9-THC (17%) but also contained 
9% of cannabidiol (Trimbos, 2009). Given the hypothesized antipsychotic 
potential of cannabidiol, the variation in concentrations of cannabidiol could 
be reflected in a moderation of the association between cannabis use and 
psychotic symptoms. Further exploring the role of cannabidiol in the 
association between cannabis and psychosis symptoms could be of value in the 
debate on the impact of cannabis on population mental health. Moreover, 
evidence on the associated risks of particular cannabis products could improve 
the quality of psychoeducation on the risks of cannabis use.   
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This study aims to investigate the influence of the Δ 9-THC/ cannabidiol ratio 
in different cannabis products on the association between cannabis use and 
psychiatric symptoms in a large non-clinical population of young adult cannabis 
users.   
 
METHODS 
Participants 
Participants were recruited using a project website launched in 2008 
(www.cannabisquest.nl). Individuals were directed to the website via different 
media; advertisements distributed on more than 100 different collaborating 
colleges and universities using intranet, posters and flyers. The chance to win 
an Apple iPod or a Nintendo Wii was used as an incentive. The website targeted 
mainly Dutch speaking young adults and adolescents (18-25 years). Besides 
personal information as age, educational level and contact details, all 
participants filled out the Community Assessment of Psychic Experiences 
(CAPE)(Stefanis et al., 2002;Konings et al., 2006) and the Cannabis Use 
Inventory (CUI) (described below). Only subjects who indicated to use cannabis 
were included in the analyses. Participants who indicated having an 
inconsistent pattern of cannabis use (<60% consistent preference) or were not 
aware of the type of cannabis they used, were excluded from the analyses. 
Verification questions were used to protect against random answers and 
internet bots that run automated tasks. To increase the homogeneity of the 
sample participants who indicated to be younger than 10 years or older than 60 
years of age were excluded.  
This study was approved by the UMC Utrecht medical ethical commission and 
all participants gave online informed consent. 
 
 Assessment of psychiatric symptoms 
The CAPE is a 42-item, self-rating instrument and includes three dimensions: 
positive symptoms, negative- and depressive symptoms with discriminative 
validity in individuals from the general population (Stefanis et al., 2002;Konings 
et al., 2006).  
 
Cannabis quantity measure 
To assess detailed information on cannabis use the Cannabis Use Inventory 
(CUI) questionnaire was developed. The CUI offers a retrospective 
comprehensive inventory of life time cannabis exposure. Participants are asked 
to indicate at which age they started to use cannabis and in which frequency. 
Thereafter subjects are asked to indicate if, and if so at what age, their 
consumption frequency had changed significantly and how long this period 
lasted. In total, participants can indicate five different periods of distinct 
cannabis use frequency, covering the period since first use until present day. 
Based on information from the CUI, the population sample was arbitrarily 
divided in nine categories on quantity of cannabis use in the last year: 1) Once 
a year or less, 2) Over once a year but not monthly, 3) Once a month, 4) 
Weekly for 0 to 5 euros a week, 5) Weekly for 5 to 10 euros a week, 6) Weekly 
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for 10 to 25 euros a week, 7) Weekly for 25 to 50 euros a week, 8) Weekly for 
50 to 100 euros a week, 9) Weekly for more than 100 euros a week. Outliers in 
amount of use (more than two standard deviation from the mean equalling) 
were excluded from analysis. 
 
Annual reports on Δ 9-THC and cannabidiol content 
The Netherlands Institute of Mental Health and Addiction (Trimbos Institute) is 
a Dutch centre of expertise and conducts research on mental health, mental 
resilience and addiction. Since 1999, the Trimbos Institute annually visits a 
random selection of 50 Dutch Coffeeshops (establishments were the 
distribution of small quantities of cannabis for personal use is legal under Dutch 
law), for reference, approximately 700 Coffeeshops existed in The Netherlands 
in 2007 (Trimbos, 2008). The researchers measures the concentrations of Δ 9-
THC, cannabidiol and cannabinol in the following five cannabis products: i) 
Dutch marijuana, ii) imported marijuana, iii) Dutch hashish, iv) imported 
hashish and v) the strongest marijuana sold in the Coffeeshop (Trimbos, 2009). 
Since all subjects in the current analysis had indicated the type of cannabis 
product they commonly use, the average measurements mentioned in the 
annual Trimbos reports, were used as a by proxy estimate of exposure to these 
cannabinoids.  
 
Cannabis Type 
Following the categorization of the annual Trimbos Institute measurements as 
described above, we asked participants which of the following types of 
cannabis they usually consumed; 1) Dutch marijuana, 2) imported marijuana, 3) 
Dutch hashish, 4) imported hashish, 5) the strongest type in my Coffeeshop. To 
increase the validity of our classification, participants could also give the 
following answers 6) hashish of unknown origin, 7) marijuana of unknown 
origin, 8) the most popular type in my Coffeeshop, 9) variation between two 
types 10) different every time, and finally 11) unknown. Only those 
participants were selected for further analysis who indicated using one of the 
cannabis types that are represented in the annual Trimbos Institute report 
(types 1,2,3,4 and 5). Finally, participants were asked how often they used the 
selected type of cannabis. We excluded subjects if they indicated using the 
selected type in less than 60% of the occasions where they used cannabis. 
Combining information from the Trimbos Institute annual reports on 
cannabinoid concentrations and the individual cannabis use patterns in our 
dataset, we were able to estimate the exposure to Δ 9-THC and cannabidiol. A 
Δ 9-THC /cannabidiol ratio was calculated for each participant.  
As a result of different THC and cannabidiol concentrations in the five cannabis 
products in the years 2008 and 2009, ten (5x2) levels THC/cannabidiol 
concentrations were calculated within the sample (THC/cannabidiol 
concentrations: 2.0, 3.6, 8.8, 16.0, 24.8, 29.6, 45.8, 55.3, 75.0, 81.5).  
To avoid analyses of small groups and in order to conserve power we applied a 
median split to dichotomize the THC/ cannabidiol ratio given that these 
cannabidiol concentrations broadly fall into two categories (high and low THC/ 
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cannabidiol ratio). Median spit was at 55.3 effectively defining a high 
cannabidiol content group and a low cannabidiol group that were used in the 
final analyses.  
 
Statistical Analysis 
Firstly, analysis of Co-Variance (ANCOVA) was used to investigate the 
association between the degree of cannabidiol content (high/low) and the total 
CAPE score, adjusting for age, sex and initial age and amount of cannabis use. 
Secondly, a MANCOVA was used to analyze the impact of cannabidiol content 
(dichotomized THC/ cannabidiol ratio) on the association between cannabis use 
and the three CAPE symptom dimensions (positive, negative and depressive) 
jointly as outcome measures, likewise adjusting for age, sex and initial age and 
amount of cannabis use. Additionally a four linear regression analyses were 
performed using the total cape score, positive-, negative and depressive 
symptoms as dependent variables and the undichotomized THC/CBD ratio as 
main independent variable adjusting for age, gender, age at first use and 
amount of cannabis use. 
 
RESULTS 
Sample characteristics 
We included a total of 1,877 participants selected from an initial number of 
11,465 subjects that filled out the online questionnaires in the period from 
April 2008 until March 2010. The reasons for exclusion were; not using cannabis 
(32%), not knowing exactly which type of cannabis was used (31%), incorrect 
answers to verification questions (16%), an inconsistent pattern of cannabis use 
(2.8%) and miscellaneous reasons (1.4%). The mean age of the participants was 
23 years (SD: 6) of which 34% was female. Three percent of the sample had no 
educational diploma, 43% had a secondary school diploma as highest academic 
achievement, 38% had a non-academic post-secondary diploma and 10% had a 
University degree. The mean cape score in this sample was 111.0 (SD: 31.7) 
which is higher than in a sample of non-clinical, cannabis naïve young adults as 
described elsewhere (Schubart et al., 2010a).  
 
Cannabis use preferences 
The majority of the sample preferred “Dutch marijuana” (69%),”Imported 
Hashish” was second (18%) followed by the “ strongest marijuana available” 
(8%) and ”Dutch Hashish” (3%). After the median split, the low cannabidiol 
content cannabis use group (n=663) is composed of 595 users who prefer 
“Dutch marijuana” in 2009 (THC: 15.0%, CBD: 0.2%) and 65 subjects who 
preferred the “strongest marijuana available” in 2009 ( THC: 16.3%, CBD: 
0.2%). The high cannabidiol content group (n=1214) consisted of 707 subjects 
who preferred “Dutch marijuana” in 2008 (THC: 16.6%, CBD: 0.3%), 25 subjects 
who prefer “ Imported marijuana” (THC: 6.4%, CBD: 0.4%), 57 subjects who use 
“ Dutch Hashish” (THC: 26.6%, CBD: 0.9%), 345 individuals that consistently 
used “imported hashish” (THC: 17.9%, CBD: 8.8%) and 80 subjects that 
preferred “strongest marijuana available” in 2008 (THC: 16.6%, CBD: 0.4%). As 
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shown in table 1, the average percentage of preference of a single type of 
cannabis and the amount of cannabis used was comparable between the two 
groups. Cannabis preference was correlated with age and gender, but post-hoc 
analysis revealed no significant differences between the user groups.  
 
Table 1. Characteristics of the cannabidiol content groups and results of the analyses.  

* Loyalty is defined as the mean percentage of the cases in which the participants choose their cannabis type of 
preference. 
**All analyses were adjusted for age, gender, amount of cannabis use and age of first cannabis use.  

 
Cannabis use and CAPE scores 
After adjusting for age, gender, amount of cannabis use and age of first use, 
cannabidiol content had a significant effect on total CAPE score. Subjects who 
use cannabis with high cannabidiol content had significantly lower total CAPE 
scores than low cannabidiol content cannabis users (F(1,1877):5.182, p:0.023) 
albeit with a small effect size (Partial Eta2: 0.003). Figure 1 shows the 
estimated marginal means of total cape scores in subjects that use high or low 
cannabidiol containing cannabis types. A multiple analysis of covariance 
(MANCOVA) showed a positive and significant relationship between the quantity 
of cannabis use in the last year and the outcome on all three dimension of the 
CAPE, (Pillai’s trace F: 3.303, p: 0.001).  
The age at onset of cannabis use was not associated with the total CAPE 
(F(1,1877): 0.578, p:0.447) or with the CAPE sub scores (Pillai’s trace F: 0.004, 
p:0.055) most likely due to the absence of an effect on the negative and 
depressive symptoms (between group effect, negative (F(1,1877): 0,142, 
p:0.706), depressive(F(1,1877): 0.014, p:0,905) ) in the presence of an effect 
on positive symptoms only (F(1,1877): 4.809, p: 0.028)  consistent with our 
previous findings (Schubart et al., 2010a). 

Group characteristics High CBD Low CBD  

N 1214 663 

Mean Age (SD) 23.1 (4.4) 24.3 (7.0) 

% male 
 

67% 64% 

CBD/THC ratio’s 2.0, 3.6, 8.8, 16.0, 24.8, 

29.6, 45.8, 55.3 

75.0, 81.5 

Cannabis type loyalty* 85% 86% 

Median cannabis use 
category 
 

1x/month weekly <€5 

Outcome**   F p-value 

Mean CAPE Total (SD) 109.8 (31.5) 112.8 (33.6) 5.182 0.023 

Mean Positive (SD) 39.7 (12.8) 41.7 (14.5) 14.577 <0.001 
 

Mean Negative (SD) 45.5 (15.5) 45.9 (16.0) 0.366 0.545 
 

Mean Depressive (SD) 24.6 (8.9) 25.1 (9.1) 1.971 0.161 
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CBD content and CAPE scores 
A multiple analysis of covariance (MANCOVA) with the three CAPE sub scores 
(positive, negative an depressive symptoms) as outcomes, showed a significant 
effect of cannabidiol content (Pillai’s trace F:5.691, p=0.001). Participants who 
indicated using cannabis types with high cannabidiol content reported 
significantly less positive symptoms (F(1,1877): 14.577, p<:0.001) again with 
small effect size (Partial Eta2:0.008). Figure 2 shows the estimated marginal 
means of the relationship between cannabis exposure and CAPE outcome for 
the high and low cannabidiol content groups. The associations of cannabidiol 
content with negative and depressive symptoms were not significant (negative 
(F(1,1877))= 0.366, p:0.545) and depressive (F(1,1877): 1.971, p:0.161). See 
table 1. The amount of use was independently associated with the total CAPE 
score (Pillai’s trace F: 0.048, p: 0.000) and between group effect (F:8.853, 
p<0.001). Finally linear regression analyses showed that  the THC/CBD ratio of 
preferred types of cannabis, after adjustment for age, gender, age at first use 
and frequency of use, is only associated with positive symptoms (β:0.052, 
p<0.001) as opposed to negative symptoms (β:0.004,p:0.850), depressive 
symptoms (β: 0.031,p:0.178) and the total CAPE score (β:0.031,p:0.155).  
 
DISCUSSION 
In a large cross-sectional sample of cannabis users from the general population, 
we investigated the association between cannabidiol content of preferred 
cannabis types and self-reported positive-, negative- and depressive psychiatric 
experiences. A subtle but significant association between using a cannabis 
product with low cannabidiol content and high levels of psychotic symptoms 
was observed. In contrast, low cannabidiol content was not associated with 
differences in negative or depressive symptoms. Our findings support earlier 
reports that attribute a role to cannabidiol in modifying the impact of Δ 9-THC 
on the risk of various psychotic outcomes.  
 
The relationship between CBD and psychotic symptoms 
The hypothesis that cannabidiol impacts on the effect of Δ 9-THC was firstly 
postulated in 1982 by Rottanburg et al. (Rottanburg et al., 1982a) who found 
an increased prevalence of psychotic disorders among users of cannabis with 
high Δ 9-THC content and lack of cannabidiol. Zuardi et al. observed that 
cannabidiol, co-administered with Δ 9-THC, significantly reduced the 
psychotomimetic symptoms induced by Δ 9-THC (Rottanburg et al., 1982c). A 
later study, using binocular depth inversion as a psychosis model, reported 
cannabidiol to attenuate the effects of a synthetic Δ 9-THC cannabinoid, 
Nabilone, suggesting cannabidiol has antipsychotic properties (Leweke et al., 
2000a). Moreover, recently a series of papers was published on distinct effects 
of CBD and THC on various measures of brain function, generating an 
explanatory hypothesis for the phenomenological differences associated with 
these two cannabinoids (Bhattacharyya et al., 2010;Fusar-Poli et al., 2010a). 
The findings of the current study also concur with the results of Di Forti et al. 
who report an association between the use of cannabis with high THC and low 
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cannabidiol content and a higher risk of developing a first psychotic episode (Di 
Forti et al., 2009) and a previous study in a small non-clinical population that 
showed that in hair samples of 140 individuals, the measured cannabidiol /Δ 9-
THC ratio was associated with the report of schizophrenia-like symptoms 
(Morgan and Curran, 2008), with low ratio’s predicting high levels of symptoms.  
 
Figure 1. Mean total CAPE score and cannabis exposure per cannabidiol content group 
(n=1,877). 
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who report an association between the use of cannabis with high THC and low 
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cannabidiol content and a higher risk of developing a first psychotic episode (Di 
Forti et al., 2009) and a previous study in a small non-clinical population that 
showed that in hair samples of 140 individuals, the measured cannabidiol /Δ 9-
THC ratio was associated with the report of schizophrenia-like symptoms 
(Morgan and Curran, 2008), with low ratio’s predicting high levels of symptoms.  
 
Figure 1. Mean total CAPE score and cannabis exposure per cannabidiol content group 
(n=1,877). 
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Figure 2. Mean score on positive symptoms and cannabis exposure per cannabidiol content  
group (n=1,877). 

  
Strengths and limitations 
Although the observed effect of CBD on the level of positive symptoms is 
significant, the effect sizes in our study are small compared to earlier studies 
investigating the antipsychotic potential of cannabidiol. A possible explanation 
of this small effect size might be that the dosage of cannabidiol in cannabis 
products intended for smoking is much lower than in the purified oral form that 
is used in treatment studies. The highest median cannabidiol concentration 
measured in cannabis samples, was 8.8% (Trimbos, 2008) . Estimating that a 
joint contains 1 gram of hashish, this would equal 88 mg of cannabidiol, which 
is 10 times less than applied in  earlier treatment studies (Zuardi et al., 
2006a;Leweke et al., 2000a). Moreover, the therapeutic properties of 
cannabidiol are most probably further reduced by the burning process that 
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occurs when cannabis is smoked. Furthermore, the cannabis products used by 
the subjects in our study are not actually the same samples in which 
cannabinoid concentrations were measured. Although this clearly constitutes a 
measurement bias, the fact that a small albeit significant effect was still 
found, further underlines the potential antipsychotic properties of CBD. Since 
the design of the current study is cross-sectional, causal inference on the 
reported association is not possible. An alternative explanation for the current 
findings therefore, is that individuals in the general population who experience 
psychotic symptoms are more likely to prefer cannabis products with lower 
cannabidiol content. Although this may not be the most intuitive explanation, 
it cannot be ruled out. A prospective, longitudinal design, accounting for 
baseline psychotic symptoms and genetic (family) risk of psychosis, could 
thoroughly assess the temporal dynamics between psychotic symptoms and 
exposure to THC and cannabidiol. Another potential limitation of the current 
study is that all data was collected using the internet. The increased 
availability of internet access and the development of better web-based tools 
have improved the possibilities to acquire information on psychiatric symptoms 
via the internet. Web-based tools are therefore considered a valid additional 
method in epidemiological research (Meyerson and Tryon, 2003;Balter et al., 
2005;Gosling et al., 2004;Ekman et al., 2006). Nevertheless, the use of web-
based assessments can potentially lead to inaccuracy. The distribution of this 
potential inaccuracy however, is most likely independent of the type of 
cannabis used (exposure measure) and is therefore unlikely to have 
systematically influenced the reported associations. Moreover, the sample is 
comprised of cannabis users only and therefore is a selected sample by 
definition. We also only included subjects with consistent and explicit 
preferences of cannabis use. However, by adjusting our statistical model for 
age, gender and cannabis use, the risk of confounding due to selection within 
the sample is minimized. Furthermore, a median split was applied to avoid 
separate analyses of groups with small numbers of subjects. The use of a 
median split has potential disadvantages, since all values on each side of the 
median are collapsed, information is lost, However since the distribution of the 
CBD ratio’s is not normal and the small group sizes lead to reduced power, a 
median split is a necessary mean to preserve power. Finally, concomitant use 
of other drugs than cannabis was not measured and could potentially have 
influenced our results.  
 
Conclusion 
To our knowledge this is the first large study to investigate the influence of 
cannabidiol content on the presence of psychiatric symptoms in cannabis users 
from the general population. The key finding of the current study is that 
cannabidiol mitigates the psychotic symptoms associated with cannabis use 
with a small, albeit significant, effect. Given the low dose of cannabidiol in 
joints as compared to oral administration in treatment studies, a larger effect 
could not be expected. The current data add to our knowledge of cannabidiol 
as a potential antipsychotic agent, suggesting that cannabis types with high 
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cannabidiol content are significantly less strongly associated with psychotic 
symptoms. 
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ABSTRACT  
 
Introduction 
Cannabis is a known risk factor for psychosis but the majority of cannabis users 
do not develop a psychotic illness as schizophrenia. Therefore it is plausible 
that the association between cannabis use and psychosis depends on individual 
biological vulnerability that may be genetically determined. We conducted a 
Genome Wide Environment-Interaction Study (GWEIS) to identify genetic 
variation at the SNP level that confers psychosis vulnerability associated with 
cannabis use.  
Methods  
We included a population sample of 1262 individuals from the general 
population that was enriched with participants that were selected for absent or 
extreme cannabis exposure and extreme high or low scores on psychosis 
vulnerability measured by a questionnaire assessing subclinical psychotic 
features; the Community Assessment of Psychic Experiences (CAPE). Whole 
genome genotype data was generated using Illumina arrays and subsequent 
imputation resulting in 2,504,766 SNP’s for analysis.  
Results  
We found that a SNP in the P2RX7 gene (rs7958311) was strongly associated 
with an increased risk (OR: 1.746, p: 1.10E-07) for a high CAPE score in heavy 
cannabis users.  
Conclusions  
We conclude that the P2RX7 SNP rs 7958311, is a viable candidate to partially 
explain the genetically determined variation in vulnerability to cannabis as a 
risk factor for psychosis. The P2X7 receptor closely interacts with the 
endocannabinoid system in several pathways that are relevant for the aetiology 
of psychotic disorders as schizophrenia.  
Moreover, the current study is a proof of concept that combining extreme 
phenotypic and environmental sampling strongly increase power to detect gene 
environment interaction.  
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INTRODUCTION  
Cannabis use is implicated as a risk factor for psychotic illnesses in different 
lines of research. From an epidemiological perspective, cannabis use is 
consistently associated with psychotic symptoms in the general population 
(Schubart et al., 2010) and a higher rate of psychotic disorders (Zammit et al., 
2002;van Os et al., 2002;Manrique-Garcia et al., 2012;Moore et al., 2007). 
Moreover, numerous studies suggest increased vulnerability to brain volume 
loss due to cannabis exposure in patients suffering from psychosis (Rapp et al., 
2012). Several studies show that cannabis use significantly decreases the age of 
the first psychotic episode (Myles et al., 2012;Power et al., 2012;Large et al., 
2011) and increases the amount and severity of psychotic exacerbations in 
schizophrenia patients (Grech et al., 2005).  
Nevertheless the majority of cannabis users do not develop psychosis and the 
explained variation in the occurrence of psychotic disorders as schizophrenia 
due to cannabis use is low. Therefore it is plausible that the association 
between cannabis use and psychosis depends on individual biological 
vulnerability that might be genetically determined.  
Genetic vulnerability for cannabis as a risk factor for psychotic disorders was 
investigated using several strategies. Family studies reveal that psychosis risk 
associated with cannabis exposure is higher in first grade relatives of 
schizophrenia patients (van Winkel, 2011;Boydell et al., 2006;McGuire et al., 
1995). Evidence for a second, more specific level of gene environment 
interaction is provided by various candidate gene- environment studies. Caspi 
et al (Caspi et al., 2005) reported that a single nucleotide polymorphism (SNP) 
in the cathecholamine transferase (COMT) gene, increased the risk of psychotic 
disorders in cannabis users. This finding was corroborated (Henquet et al., 
2008) as well as refuted (Zammit et al., 2011;Wigman et al., 2011). More 
recently, investigators of the GROUP study showed that a SNP in the AKT1 gene 
increased the risk of psychosis in cannabis users (van Winkel et al., 2011). This 
finding was recently replicated in an independent study in schizophrenia 
patients (Di Forti et al., 2012;Boks, 2012).  
These candidate gene studies have produced relevant hypotheses for the 
aetiology of schizophrenia. However, due to methodological constrains such as 
bias due to study- and population heterogeneity, candidate gene studies tend 
to overestimate effect size and are often not replicated (Ioannidis et al., 
2001). Moreover, the a priori selection of candidate SNP’s takes place within 
the boundaries of current models which decreases the potential of this 
methodology to discover new leads to the underlying biological pathways. In 
contrast, genome wide association studies provide the possibility to screen the 
genome without a priori selection. 
We therefore conducted a study that aims to incorporate information on 
cannabis use as risk factor of psychosis in a genome wide approach. Using a 
previously described extreme sampling method (Boks et al., 2007b), we aimed 
to increase power to detect how genetic variation on the SNP level impacts on 
the cannabis associated risk to psychosis. 
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ABSTRACT  
 
Introduction 
Cannabis is a known risk factor for psychosis but the majority of cannabis users 
do not develop a psychotic illness as schizophrenia. Therefore it is plausible 
that the association between cannabis use and psychosis depends on individual 
biological vulnerability that may be genetically determined. We conducted a 
Genome Wide Environment-Interaction Study (GWEIS) to identify genetic 
variation at the SNP level that confers psychosis vulnerability associated with 
cannabis use.  
Methods  
We included a population sample of 1262 individuals from the general 
population that was enriched with participants that were selected for absent or 
extreme cannabis exposure and extreme high or low scores on psychosis 
vulnerability measured by a questionnaire assessing subclinical psychotic 
features; the Community Assessment of Psychic Experiences (CAPE). Whole 
genome genotype data was generated using Illumina arrays and subsequent 
imputation resulting in 2,504,766 SNP’s for analysis.  
Results  
We found that a SNP in the P2RX7 gene (rs7958311) was strongly associated 
with an increased risk (OR: 1.746, p: 1.10E-07) for a high CAPE score in heavy 
cannabis users.  
Conclusions  
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risk factor for psychosis. The P2X7 receptor closely interacts with the 
endocannabinoid system in several pathways that are relevant for the aetiology 
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Moreover, the current study is a proof of concept that combining extreme 
phenotypic and environmental sampling strongly increase power to detect gene 
environment interaction.  
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METHODS  
We screened for suitable participants for our study using a project website 
(www.cannabisquest.nl) targeting Dutch speaking adolescents and young adults 
(18-25 years). Strategies to generate traffic on the project website included 
cooperation with over 100 colleges, universities and youth centres that were 
willing to advertise for this study on their intranet, and the use of online 
commercial advertisement products (i.e. banners and text links). The chance 
to win an Apple iPod ™ or a Nintendo Wii ™ was used as an incentive, contact 
details were used to inform participants about their price. Double entries were 
prevented by automated deletion of identical data rows and by monthly visual 
inspection of the data, excluding subjects with the same e-mail address or 
name and date of birth. Submitting data anonymously was not possible. The 
assessment included two verification questions to protect against random 
answers. Participants that failed to correctly fill out the verification questions 
were excluded. Averagely, every month 490 visitors filled out our web based 
questionnaires between June 2006 and September 2010. This resulted in 25,959 
individuals for our screening.  
 
Online assessments 
Participants provided the country of birth of their grandparents, their age, 
educational level and contact details.  
As a measure of psychometric psychosis vulnerability, an online version of the 
Community Assessment of Psychic Experiences (CAPE)(Konings et al., 2006) was 
used. The CAPE is a 42-item, self rating instrument and has a three-factor 
structure of 20 questions in the positive symptom dimension (delusional 
thinking, verbal- and visual hallucinations), 14 in the negative and 8 in the 
depressive dimension. The CAPE measures frequency as well as distress 
associated with these experiences. The questionnaire has discriminative 
validity for the different symptom dimensions in individuals from the general 
population and is considered a valid instrument for detecting individuals at 
ultra high risk for psychosis  (Konings et al., 2006;Hanssen et al., 2003;Stefanis 
et al., 2002;Mossaheb et al., 2012) (http://www.cape42.homestead.com/). 
The use of an online version of the CAPE for this purpose was validated and is 
described in detail elsewhere (Vleeschouwer, submitted).  
Through online questionnaires we assessed the amount in euro’s (€) that 
individuals spent on cannabis per week. THC-concentration and market value of 
cannabis are highly correlated in The Netherlands (Trimbos-instituut, 2009b). 
We therefore used the weekly amount of euro’s spent on cannabis as a proxy 
measure of exposure to Δ9-tetrahydrocannabinol (THC). The THC exposure was 
categorized into five classes; cannabis naïve, cannabis use equivalent of less 
than €3 per week, €3 to €10 per week, €10 to €25 per week and more than €25 
per week.  
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Power 
The sample sizes that are required to detect gene-environment interactions 
generally need to be much larger than those necessary to detect genetic or 
environmental factors in isolation (Luan et al., 2001;Boks et al., 2007b). This is 
in part a consequence of the fact that genetic and environmental risks are 
relatively infrequent in an unselected epidemiological sample. This leads to 
insufficient numbers of subjects suffering from the disorder that have also been 
exposed to the environmental factor. Abecasis and colleagues (Abecasis et al., 
2001) pointed out that selecting extremely discordant subjects from the 
population can substantially improve power, sometimes with as much a 20 fold 
increase. In the current study we exploit this effect further by using an 
adaptation from an extreme discordant case-control design (Abecasis et al., 
2001;Purcell, 2002).  We selected part of our sample not only for extremes 
regarding phenotypes, in this case psychometric risk for psychosis, but also 
regarding environmental (cannabis) exposure.  
Thus we aimed to enrich our sample with individuals reporting extremely high 
cannabis use and those with extremely low cannabis use. Simulations have 
pointed out that sampling the top and bottom 10 percent of environmental 
exposure leads to a 70 percent reduction of the required subjects for 
genotyping (Boks et al., 2007a). 
 
General inclusion criteria 
Participants that filled out the online questionnaires were selected if they were 
of age 18 or older. To prevent population stratification, we confined to 
inclusion of individuals with four grandparents born in The Netherlands. 
Selected subjects where contacted by telephone, invalid contact details 
automatically lead to exclusion. 
 
Table 1 Cannabis-psychotic symptoms quadrants of the selected sample 
 Heavy users (C+) Cannabis Naïve (C-) 
Top 20% psychosis scores (P+) Quadrant 1 Quadrant 3 
Bottom 20% psychosis scores (P-) Quadrant 2 Quadrant 4 

 
Samples 
To optimize the power to identify SNP’s that moderate the risk of cannabis 
associated psychosis vulnerability, we included in three waves. First, (as 
described above) we prioritized a sample of participants between the age of 18 
and 25 years, with extreme phenotypes and extreme exposure to cannabis. We 
contacted participants who belonged to the top- or bottom 20% of total CAPE 
scores who also where either cannabis naïve (i.e. had not used more than 6 
times lifetime) or heavy cannabis use (i.e. used more that 10 euro’s per week). 
This procedure created four CAPE-Cannabis profile quadrants, see table 1. 
Second, we invited an unselected sample of individuals who could have any 
score on the CAPE questionnaire and could fall into either category of cannabis 
use. Third, we included a sample of individuals who were willing to participate 
but refused to visit our hospital.  
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These subjects returned a saliva DNA sample and questionnaires by mail. The 
primary reason to include these individuals was the need to increase sample 
size but the inclusion of this sub-sample may also reduce potential selection 
bias.  
 
Assessment at inclusion 
Participants that visited our hospital underwent a structured clinical interview 
(SCID) (Spitzer et al., 1992) , to assess DSM-IV diagnoses. Concomitant drug use 
was assessed by using the drugs- and alcohol sections of the Composite 
International Diagnostic Interview (Who, 1993).  
 
Biological material 
Participants donated two 10cc blood EDTA blood tubes for DNA extraction. 
Moreover, urine drugs screen was performed to assess recent cannabis use. In a 
subgroup, a saliva sample was collected for DNA extraction. 
 
Ethical considerations 
This study was approved by the UMC Utrecht medical ethical commission and 
all participants gave informed consent. 
 
Genotyping 
For logistic reasons, genotype data was generated on three different array 
platforms; for 576 individuals on Illumina® HumanOmniExpress (733,202 SNPs), 
for 768 individuals on the Illumina® Human610-Quad Beadchip (620,901 SNPs) 
for 34 individuals on the Illumina® HumanHap550 array. 
 
Pre-processing genotype data, QC and imputation 
For each SNP platform, quality control procedures were initially performed 
separately using PLINK (Purcell et al., 2007). Participants were excluded based 
on gender errors and on >5% missing genotypes. We used linkage disequilibrium 
(LD) based SNP pruning to select the most informative SNPs (R2<0.2), only for 
the subsequent quality control step. Datasets were merged with Hapmap Phase 
3 to check ethnicity. Ethnic outliers were detected by visual inspection. After 
these QC procedures on subjects, we performed quality control on SNP’s. All 
SNP’s were filtered on missingness (>2%), Minor Allele Frequency (MAF) > 5% 
and Hardy Weinberg (p>1e-6) before merging the three datasets. We imputed 
the merged dataset with Hapmap2, release 24 using Beagle (Browning and 
Browning, 2009). SNP’s with an imputation score > 0.8 and SNP’s that were 
present originally in all of the datasets were extracted. 
 
Other genes of interest 
Based on earlier publications (van Winkel, 2011) (Di Forti et al., 2012;Boks, 
2012) (Caspi et al., 2005;Henquet et al., 2008), we planned to extract 
genotypes of 5 additional SNP’s in four genes (LRRTM1, AKT1, COMT, P2XR7) 
from our database. 
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Statistical Analysis 
To calculate the effect of gene by environment interaction on CAPE scores, we 
performed a logistic regression, using genotype, cannabis use, a GxE 
interaction term and gender as predictors. Dichotomized CAPE scores (by 
median split) were used as the dependent variable. All genome-wide 
association calculations were performed using the open-source whole genome 
association analysis toolset PLINK (Purcell et al., 2007). 
 
RESULTS 
Online screening 
The project website was launched in June 2006 and attracted more than 
100,000 unique visitors, resulting in more than 25,943 participants at the time 
of the final inclusion. The questionnaires contained verification questions as a 
measure of quality control. Approximately 17% of the subjects failed to answer 
these questions correctly, leaving 21,435 potential participants. The mean age 
of this group was 21.7 years, 51% was male, the average CAPE score was 66 and 
34.5% of the sample was cannabis naïve.  
 
Subject flow 
Selection of individuals with four Dutch grandparents and extreme phenotype 
and environmental (cannabis) exposure resulted in 4,119 potential participants 
for our study (for a more detailed subject flow see table 2).  From a pool of 
4,119 subjects, we found 1,364 participants who were successfully contacted 
and willing to participate in our study.  
 
Table 2. Subject flow 

Stage Number 
Online screening 25,958 
After verification questions 21,435 
Dutch grandparents 16,030 
Cannabis use pattern 11,228 
Top- / bottom 20% CAPE 

 
4,119 

Visit to hospital from the 
l t d  

802 
Visit to hospital from the 

l t d  
382 

Saliva samples 180 
Total samples before QC * 1,364 
Total samples after QC * 1,262 

* QC = Genotype data Quality Control 

 
Sample description 
The mean age of the included participants was 21.0 years. The mean CAPE 
score in the total sample was 67. For further details on characteristics of the 
different subsamples, see table 3. For an overview of DSM-IV diagnosis and 
description of the psychiatric history of the different samples, see table 4.  
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Table 3 Design and sample description  
Sample N Sex (% 

male) 
Age, Mean 

(sd) 
Cannabis use 

(%) > 3 
euro/week 

CAPE score 
(mean) 

Quadrant 1 (P+, C+) 136 66.9 21.1 (2.2) 100 86 
Quadrant 2 (P-, C+) 114 78.9 21.1 (2.0) 100 55 
Quadrant 3 (P+, C-) 206 25.2 20.4 (1.8) 0 80 
Quadrant 4 (P-, C-) 261 30.3 20.8 (2.0) 0 55 
Unselected 373 54.7 21.2 (2.5) 24 66 
Saliva sample 172 47.7 21.9 (5.7) 37 68 

 

 
Pre-processing, quality control and imputation 
Linkage disequilibrium (LD) based SNP pruning resulted in ~78k SNPs for the 
sets to assess heterozygosity (F<3SD), homozygosity (F>3SD) and relatedness by 
pairwise IBD values (pihat >0.1). Subject quality control resulted in the 
exclusion of 101 individuals. Four duplicates and three related sample-pairs 
were detected in the merged datasets (according to criteria described in 
methods section) and one outlier after clustering the merged dataset. 
Imputation resulted in 2,504,766 SNP’s for analysis. 
 
PLINK GWEIS analysis 
Table 5 lists the top 10 results of the G x E logistic regression analysis for a high 
CAPE score as a binary trait. We found that a novel variant in the P2RX7 
receptor gene (rs7958311) was ranked first of SNPs associated with an 
increased risk (OR: 1.746, p: 1.10E-07) for experiencing psychotic symptoms in 
heavy cannabis users. The identified SNP in P2RX7 is an imputed SNP, the 
imputation score is: 0.885.  
Table 6 shows the Odds ratios (adjusted for gender) for A/G or A/A carriers 
compared with G/G carriers depending on cannabis use status. Figure 2 shows 
the Q-Q plot for the interaction in the imputed data set (2.5M snp’s), λ= 0.993. 
Figure 3 shows a Manhattan plot of p-values for the G x E term. 
Six SNP’s that are in LD in the CADM2 gene (p: 1.05E-06), rank second in lowest 
p-values in our G x E interaction association analysis.  Figure 1 shows the 
adjusted Odds ratio (OR) of high CAPE score for participants with P2RX7 rs 
7958311 G/A or A/A compared to the G/G genotype.  
 
Other genes of interest 
Five additional pre-selected SNP’s of interest were looked up in our study 
database. Unfortunately LRRTM1 (rs673871), AKT1 (rs2494732) and (rs1130233) 
were not genotyped, imputed or called in our dataset. The COMT SNP rs4680 
was included but was not significantly associated with gene environment 
interaction (p: 0.695). A previously investigated variant in P2XR7 (rs2230912) 
was nominally significant (p: 0.0112).  
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Table 3 Design and sample description  
Sample N Sex (% 

male) 
Age, Mean 

(sd) 
Cannabis use 

(%) > 3 
euro/week 

CAPE score 
(mean) 

Quadrant 1 (P+, C+) 136 66.9 21.1 (2.2) 100 86 
Quadrant 2 (P-, C+) 114 78.9 21.1 (2.0) 100 55 
Quadrant 3 (P+, C-) 206 25.2 20.4 (1.8) 0 80 
Quadrant 4 (P-, C-) 261 30.3 20.8 (2.0) 0 55 
Unselected 373 54.7 21.2 (2.5) 24 66 
Saliva sample 172 47.7 21.9 (5.7) 37 68 

 

 
Pre-processing, quality control and imputation 
Linkage disequilibrium (LD) based SNP pruning resulted in ~78k SNPs for the 
sets to assess heterozygosity (F<3SD), homozygosity (F>3SD) and relatedness by 
pairwise IBD values (pihat >0.1). Subject quality control resulted in the 
exclusion of 101 individuals. Four duplicates and three related sample-pairs 
were detected in the merged datasets (according to criteria described in 
methods section) and one outlier after clustering the merged dataset. 
Imputation resulted in 2,504,766 SNP’s for analysis. 
 
PLINK GWEIS analysis 
Table 5 lists the top 10 results of the G x E logistic regression analysis for a high 
CAPE score as a binary trait. We found that a novel variant in the P2RX7 
receptor gene (rs7958311) was ranked first of SNPs associated with an 
increased risk (OR: 1.746, p: 1.10E-07) for experiencing psychotic symptoms in 
heavy cannabis users. The identified SNP in P2RX7 is an imputed SNP, the 
imputation score is: 0.885.  
Table 6 shows the Odds ratios (adjusted for gender) for A/G or A/A carriers 
compared with G/G carriers depending on cannabis use status. Figure 2 shows 
the Q-Q plot for the interaction in the imputed data set (2.5M snp’s), λ= 0.993. 
Figure 3 shows a Manhattan plot of p-values for the G x E term. 
Six SNP’s that are in LD in the CADM2 gene (p: 1.05E-06), rank second in lowest 
p-values in our G x E interaction association analysis.  Figure 1 shows the 
adjusted Odds ratio (OR) of high CAPE score for participants with P2RX7 rs 
7958311 G/A or A/A compared to the G/G genotype.  
 
Other genes of interest 
Five additional pre-selected SNP’s of interest were looked up in our study 
database. Unfortunately LRRTM1 (rs673871), AKT1 (rs2494732) and (rs1130233) 
were not genotyped, imputed or called in our dataset. The COMT SNP rs4680 
was included but was not significantly associated with gene environment 
interaction (p: 0.695). A previously investigated variant in P2XR7 (rs2230912) 
was nominally significant (p: 0.0112).  
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Figure 1. Adjusted * Odds ratio (OR) of high CAPE score for participants with P2RX7 rs 7958311 
G/A or A/A compared to the G/G genotype. (* adjusted for gender) 

 
 
 
 
Figure 2: QQ plot for interaction term in the imputed set (2.5M) using a full model 
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Table 5. Top 10 genome-wide G x E association results for heavy cannabis use and psychosis 
vulnerability. 
CHR SNP BP A1 MAF OR STAT P GENE 
12 rs7958311 120089738 A 0.2889 1.746 5.309 1.10E-07 P2RX7 
3 rs1003984 85952889 T 0.2587 1.981 4.881 1.05E-06 CADM2 
3 rs1003985 85952993 A 0.217 1.981 4.881 1.05E-06 CADM2 
3 rs1003986 85953053 T 0.2582 1.981 4.881 1.05E-06 CADM2 
3 rs12487728 85953621 T 0.2212 1.981 4.881 1.05E-06 CADM2 
3 rs9968137 85953797 G 0.2995 1.981 4.881 1.05E-06 CADM2 
3 rs12488483 85954040 A 0.2212 1.981 4.881 1.05E-06 CADM2 
10 rs4342983 115440504 C 0.0421 2.031 4.76 1.93E-06 CASP7 
6 rs17710848 153108495 A 0.0696 2.469 4.696 2.65E-06 Not 

annotated 
10 rs3121454 115365937 C 0.0481 2.029 4.645 3.39E-06 NRAP 

 
Table 6. Adjusted * Odds Ratio for A/G or A/A carriers compared with G/G carriers depending 
on cannabis use status.  
  

NO CANNABIS 
 

 
CANNABIS USE 

 
genotype adjusted OR 95% CI P Value adjusted 

OR 
LO 95% CI P Value 

P2RX7 (GG) 1 - - 1 - - 
P2RX7(GA) 0.622 0.47-0.83 0.001 2.347 1.54-3.60 0.000 
P2RX7 (AA) 0.478 0.27-0.85 0.011 3.693 1.50 -9.11 0.005 

* adjusted for gender 
 
DISCUSSION 
We performed the first Gene-Environment Wide Interaction Study (GWEIS) on 
the risk for psychosis and cannabis use in a sample of 1261 participants, 
enriched for individuals with extreme phenotypes and extreme cannabis 
exposure. We found that a SNP in the P2X7 receptor was associated with an 
increased psychosis vulnerability by cannabis use albeit with just below 
genome-wide significance.  
 
P2X7 
The P2RX7 gene is located on Chromosome 12 at 12q24.31 and encodes for the 
P2X7 receptor. The P2X7 receptor is a two-transmembrane ionotropic receptor 
that is activated by high concentrations of extracellular ATP as induced by for 
example cell damage or hypoxia. It has a high Ca2+ permeability and upon 
adequate stimulation a possibility to act as a non-selective large pore which 
can lead to cell death (Li et al., 2005). This receptor is present in all tissues, 
but is primarily expressed in immune cells, liver and whole brain, 
predominantly in microglia (BioGPS gene expression database). 
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Figure 1. Adjusted * Odds ratio (OR) of high CAPE score for participants with P2RX7 rs 7958311 
G/A or A/A compared to the G/G genotype. (* adjusted for gender) 
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Figure 3. Manhattan plot  

 
In the central nervous system P2X7 is also expressed on astrocytes and neurons 
(Sperlagh et al., 2006;Wiley et al., 2011). Many different effects have been 
attributed to activation of P2X7 by ATP such as secretion of TNF-a, IL-1β and 
IL-18, nitric-oxide release and secretion of caspase-1, for review see Wiley 
2011 (Wiley et al., 2011). Besides regulation of inflammatory reactions, the 
P2X7 receptor is also involved in regulation of neurotransmitter release, mainly 
GABA and glutamate (Sperlagh et al., 2006). The identified SNP, rs 7958311, 
has a minor allele frequency (MAF) of 0.289 and is a non-synonymous coding 
SNP (835A>G) that results in an amino acid change from Histidine to Arginine 
(His270>Arg) in an extracellular subunit of this transmembrane receptor. Stokes 
et al suggested that this SNP causes gain of function, measured as an increased 
P2X7-dependent ethidium uptake (195% of wild-type P2X7 response) (Stokes et 
al., 2010;Wiley et al., 2011), however elsewhere loss of function is also 
described (Sorge et al., 2012;Sun et al., 2010). Variation in the P2RX7 gene has 
been associated with various diseases. The most frequently described 
association is that of rs3751143 with increased susceptibility to tuberculosis 
(Xiao et al., 2010). It is suggested that mutations leading to a loss of function 
of the P2X7 receptor may affect macrophage function leading to decreased 
resistance to intracellular microorganisms, such as mycobacterium tuberculosis 
and toxoplasma gondii (Kapoor, 2009;Lees et al., 2010;Saunders et al., 2003). 
Moreover, P2X7 is implied in pain sensation (Ando and Sperlagh, 2012). The  
particular SNP identified in our study (rs 7958311) was associated with lower 
pain intensity in two independent human chronic pain cohorts (Sorge et al., 

 119

2012). This is interesting considering the recent interest in cannabis for pain 
control (Lynch and Campbell, 2011). 
 
P2RX7 and psychiatric disorders 
Variation in the P2RX7 gene is also associated with an increased risk for several 
psychiatric disorders. The most prominent association between the P2X7 
receptor and psychiatric disease is that with bipolar disorder. Since 1995, the 
12q24.31 region has been associated with bipolar disorder in various genome 
wide linkage scans (Hayden and Nurnberger, Jr., 2006;Barden et al., 
2006;Dawson et al., 1995;Degn et al., 2001;Morissette et al., 1999;Shink et al., 
2005b;Shink et al., 2005a;Curtis et al., 2003) (McQuillin et al., 2009).  Later 
candidate gene studies corroborated this finding and particularly associated 
one P2RX7 SNP (rs2230912) (Gln460Arg) with bipolar disorder in several 
independent cohorts (Soronen et al., 2011;Backlund et al., 2011;Backlund et 
al., 2012). However, also negative findings have been published about this 
association (Grigoroiu-Serbanescu et al., 2009;Green et al., 2009). The 12q24 
area, in which the P2RX7 gene is located, was also implied as an area of 
interest in two genome wide linkage scans for unipolar depression (Abkevich et 
al., 2003;McGuffin et al., 2005), later several candidate gene studies 
demonstrated that the same SNP (rs2230912) is associated with major 
depression (Hejjas et al., 2009;Nagy et al., 2008;Lucae et al., 2006;Soronen et 
al., 2011).  Likewise, the 12q24 region was implied in several genome wide 
linkage scans in schizophrenia (Bailer et al., 2002;Bailer et al., 2000;DeLisi et 
al., 2002). However, in the single candidate gene study on P2RX7 and 
schizophrenia, no association was found with 9 different P2RX7 SNP’s (Hansen 
et al., 2008). Recent GWAS studies and meta-analysis also do not imply SNP’s in  
the P2RX7 gene in the pathophysiology of schizophrenia (Ripke et al., 
2011;Steinberg et al., 2011). Given the complex aetiology of schizophrenia, it 
is possible that the biological mechanism behind the described G x E 
interaction in our study is only indirectly related with genetic vulnerability to 
schizophrenia as such.  
 
In a previous G x E candidate gene study on cannabis use and psychosis 
vulnerability, P2RX7 SNP rs2230912, was also investigated but did not show any 
evidence for G x E interaction (van Winkel, 2011). In the current study, this 
SNP was nominally significant (p: 0.0112). Given that the rs2230912 SNP shows 
some LD with the SNP identified in the current study (rs 7958311) (Fuller et al., 
2009) (Stokes et al., 2010), this is a likely finding. 
 
P2X7 and the endocannabinoid system 
The two best described endocannabinoids are 2-arachidonoylglycerol (2-AG) 
and anandamide (Howlett, 2002a;Howlett et al., 2004), both agonists of the 
cannabinoid receptors CB1 and CB2 (Pertwee, 2006). Interestingly, the P2X7 
receptor regulates 2-AG production in microglia (Witting et al., 2004) and 
astrocytes (Walter et al., 2004). Activation of cannabinoid receptors by 2-AG 
leads to attenuation of neuroinflammation (Van Sickle et al., 2005;Stella, 
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2012). This is interesting considering the recent interest in cannabis for pain 
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SNP was nominally significant (p: 0.0112). Given that the rs2230912 SNP shows 
some LD with the SNP identified in the current study (rs 7958311) (Fuller et al., 
2009) (Stokes et al., 2010), this is a likely finding. 
 
P2X7 and the endocannabinoid system 
The two best described endocannabinoids are 2-arachidonoylglycerol (2-AG) 
and anandamide (Howlett, 2002a;Howlett et al., 2004), both agonists of the 
cannabinoid receptors CB1 and CB2 (Pertwee, 2006). Interestingly, the P2X7 
receptor regulates 2-AG production in microglia (Witting et al., 2004) and 
astrocytes (Walter et al., 2004). Activation of cannabinoid receptors by 2-AG 
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2004;Stella, 2009;Stella, 2010;Miller and Stella, 2008) through activation of the 
CB1(Stella, 2010;Marsicano et al., 2003;Shen and Thayer, 1998;Sullivan, 1999) 
and CB2(Klegeris et al., 2003) receptors.  
It is therefore suggested that 2-AG may function as a gliotransmitter, involved 
in attenuating neuroinflammation (Walter et al., 2004) and that increased 
synthesis of 2-AG leads to an anti-inflammatory (M2) phenotype (Stella, 2010). 
This function may be mediated through the P2X7 receptor. 
 
Hypotheses on P2X7 – cannabis interaction 
The P2X7 receptor is thought to be involved in several key proceses in the CNS; 
neuroinflammation, neuroprotection, but also neurotransmission. It is, 
however, currently unclear how the polymorphism that we identified in this 
study affects these processes at the molecular level. Several studies suggest 
that 2-AG and other endocannabinoids have a neuroprotective (van der Stelt 
and Di Marzo, 2005) and even an antipsychotic function (Giuffrida et al., 
2004;Leweke et al., 1999;Leweke et al., 2007b;Leweke et al., 2012b;De Marchi 
et al., 2003). One of our hypothesis is that the described polymorphism in the 
P2X7 receptor alters 2-AG production and subsequently alters the 
neuroprotective function of the endocannabinoid system. Since THC interferes 
with the endocannabinoid system functioning, this may lead to a further 
dysfunction of the neuroprotective mechanisms of the endocannabinoid system 
upon high levels of ATP exposure. The combined effect of the P2RX7 
polymorphism and continuous exposure to THC could be the biological basis for 
the described interaction effect on psychosis vulnerability.  
A second hypothesis is that  both the P2X7 receptor and THC (Stella, 2010) 
influence neuroinflammation , (Stella, 2009;Stella, 2010). As a consequence, 
regulation of neuroinflammation could be altered in carriers of the P2RX7 risk 
genotype that also continuously use cannabis. Several lines of research point 
towards the notion that neuroinflammation plays a key role in the aetiology of 
schizophrenia, (for a recent and detailed review see Monji et al) (Monji et al., 
2011).THC exposure and inadequate P2X7 function could interact in causing 
suboptimal orchestration of neuroinflamatory responses, leading to an 
increased susceptibility for psychotic disorders as schizophrenia.  
 
CADM2 
Although not genome wide significant, as shown in table 5, 6 SNP’s in the 
CADM2 gene rank on places 2-7 in lowest p-values in our G x E interaction 
association analysis.   
CADM2 encodes a nectin-like member of the immunoglobulin-like cell adhesion 
molecules (Berger et al., 2011;Beroukhim et al., 2010). Although further 
replication is needed, recently, CADM2 was implied as a novel Autism Spectrum 
Disorder risk gene in a homozygous haplotype (HH) mapping analysis in 1,402 
Autism Genome Project trios (Casey et al., 2012). Given the large genetic 
overlap between schizophrenia and autism (Sullivan et al., 2012), further 
follow up is warranted.  
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Genome wide significance 
Significance threshold levels in GWAS studies are subject of ongoing debate 
(Hoggart et al., 2008;Pe'er et al., 2008). In studies for gene discovery, a 
Genome-wide significance threshold of approximately 5 ×10 -8 has become the 
norm (Cichon et al., 2009;Barsh et al., 2012;Dudbridge and Gusnanto, 2008). 
The SNP’s described in our study do not reach genome wide significance. 
 
Other genes of interest 
Previously described SNPs in LRRTM1 (rs673871), AKT1 (rs2494732) and 
(rs1130233) were unavailable for analysis. We therefore can not add to the 
previously stated hypotheses concerning these variants. The COMT SNP rs4680 
showed no evidence of gene environment interaction in our data.  
 
Limitations  
The current study has strong points, limitations and innovations.  
An innovative aspect of our study is the enrichment of our sample with 
individuals with extreme phenotypes and extreme environmental exposure. We 
enriched our sample not only for extreme pairs regarding phenotypes (high and 
low CAPE scores) but also regarding environmental exposure and selected 
individuals with extremely high cannabis use and those without cannabis use. 
Using this design, we generated more power to detect SNP’s that are genome 
wide significantly associated with interaction.  
Furthermore, our sample is enriched with late adolescents (18-25 years) and 
we therefore included an at risk population both for the environmental 
exposure as well as for the occurrence of psychosis. Finally, to avoid population 
stratification, we only included individuals with four Dutch born grandparents.  
A number of limitations have to be considered when interpreting the presented 
data.   
One limitation is the use of a dichotomized outcome measure (CAPE score) 
instead of treating the CAPE as a quantitative trait. Due to our extreme 
phenotype sampling method, the distribution of the CAPE scores was far from 
normal. Particularly when performing regression analysis with a G x E 
interaction term, the risk of heteroscedasticity is much higher (Voorman et al., 
2011), given the increased differences in variation due to small number of 
subjects per cells when combining SNP and environmental exposure data. In our 
sample, this resulted in inflation of probability (p values) and a high lambda. 
Robust error correction did not resolve this issue. We therefore decided to 
dichotomize the dependent (CAPE score) and performed a binary trait analysis. 
With an intermediate MAF of 0.289, rs 7958311 is a fairly common SNP. Given 
the relatively high prevalence of cannabis use and the relatively low 
prevalence of psychosis, it is likely that other, unknown, variables exist that 
also play a role in determining the risk of psychosis in cannabis users. 
Another limitation is the fact that the SNP in P2RX7 is an imputed SNP 
(R2:0.885). As a consequence the current finding is statistical, rather than  
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biological, in nature. We are currently performing validation PCR assays and 
sequencing to confirm the finding in our samples. 
The main outcome measure of this study is a high score on the CAPE 
questionnaire. The CAPE questionnaire is a well validated instrument to 
measure psychosis vulnerability, however it is an outcome measure based on 
self report and the majority of participants that have high scores on the CAPE 
questionnaire have not and will never develop a psychotic disorder. Although 
individuals with psychiatric problems are overrepresented in the subsamples 
with high CAPE scores (see table 4), a high score on the CAPE questionnaire is a 
proxy for psychosis vulnerability (Konings et al., 2006;Hanssen et al., 
2003;Stefanis et al., 2002;Mossaheb et al., 2012) but is not the exact same. 
The fact that some of the data was obtained online is unlikely to be a major 
limitation (Vleeschouwer et al., 2013a) but a potential limitation is that we 
relied on self report data regarding cannabis use. However, we measured the 
presence of cannabis metabolites in urine in the majority of our sample and 
there is no clear reason to assume that the over- or underreporting is over-
represented in subjects with high or low cape scores. There is therefore also no 
reason to assume that the distribution of inaccurate measurement of cannabis 
exposure is unequal and has lead to bias.  
 
Considering the relatively high risk of false positive findings in genetic 
association studies (Ioannidis, 2008), replication of the current results in an 
independent sample is essential before attributing further etiological 
significance to this finding. Moreover, it is needed that the impact of the 
identified SNP (rs 7958311) on 2-AG production in microglia and astrocytes is 
clarified. To further understand the impact of THC exposure on carriers of this 
SNP, relevant cell functions are currently investigated under experimental 
conditions with and without THC.  
 
Conclusion 
We conducted the first Gene-Environment-Wide Study (GWEIS) to uncover 
genetic variation underlying sensitivity to cannabis as a risk factor for 
psychometric psychosis vulnerability. To increase the statistical power of this 
approach, we included individuals with extreme phenotypes and extreme 
environmental exposure. The current study is a proof of concept that 
combining extreme phenotypic and environmental sampling strongly increase 
power to detect G x E.  
Given that the P2X7 receptor closely interacts with the endocannabinoid 
system in several relevant pathways, we conclude that the P2RX7 SNP rs 
7958311, is a viable candidate to explain some of the sensitivity to cannabis as 
a risk factor for psychosis.  
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ABSTRACT  
 
Introduction 
Cannabis is the most widely used illicit drug and is associated with numerous 
physiological and neuropsychiatric effects. Little is known about the biological 
mechanisms that underlie these associations. Gene-expression profiling may 
provide further insight into molecular mechanisms driving the effects that are 
associated with cannabis use.   
Methods 
90 heavy cannabis users and 100 cannabis naïve participants were matched for 
sex, use of other drugs than cannabis, cigarette smoking, use of alcohol, use of 
medication, and DSM IV diagnoses. All individuals were examined using 
standardized structure clinical interviews (SCID, CIDI) for psychiatric diagnosis 
and substance use. Genome-wide RNA expression profiling was obtained with 
HumanHT-12 v3 arrays using Illumina’s standard protocol. Gene expression data 
were transformed and normalized. After quality control 20,765 transcripts were 
available for further analysis. Expression levels were analyzed for association 
with cannabis status using linear regression. Cigarette smoking, use of other 
drugs than cannabis, age and gender were used as covariates. FDR correction 
for multiple testing was applied at the 0.05 level. Genome wide significant 
findings were validated using quantitative real-time PCR (qPCR). 
Results 
The expression levels of two transcripts; CX3CR1 (LogFold Change -0.42) and 
PPFIA2 (LogFold Change 0.17), were significantly associated with cannabis use 
after correction for covariates and multiple testing. The up-regulation of 
PPFIA2, but not CX3CR1 was validated by qPCR.  
Conclusions  
Changes in Liprin alpha 2 levels is a plausible mechanism by wich cannabis 
could influence psychiatric phenotypes. PPFIA2 is expressed in the brain and 
invloved in memory formation. The finding that PPFIA2 and CX3CR1 are 
differentially expressed in cannabis users could help us to generate new 
hypotheses on the etiology of adverse effects associated with cannabis use. 
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INTRODUCTION  
With an estimated annual prevalence of 170 million users, cannabis is the most 
frequently used illicit drug worldwide (United Nations Office on Drugs and 
Crime, 2012).  
Acute neuropsychological effects of cannabis are euphoria, increased 
awareness of sensation, dissociation, (pseudo)hallucinations and anxiety but 
also somatic responses as reddening of the eyes, a dry mouth and increased 
heart rate (Hall and Solowij, 1998). Moreover, cannabis acutely impairs all 
aspects of short-term memory, especially short-term episodic and working 
memory (Ranganathan and D'Souza, 2006). Long-term sequelae were 
investigated in a recent study that suggests that persistent cannabis use is 
associated with neuropsychological decline broadly across domains of 
functioning (Meier et al., 2012) and psychiatric disorders (Macleod et al., 
2004;Taylor et al., 2002;Degenhardt et al., 2008;Gillespie et al., 
2009;Satyanarayana, 2009;Schubart et al., 2011a). Particularly, the association 
with psychotic disorders is reported repeatedly (Moore et al., 2007;Schubart et 
al., 2010b;Pedersen, 2008;Skinner et al., 2010;Andreasson et al., 1987).  
 
The biological mechanisms underlying these adverse effects of cannabis use are 
still poorly understood.  The most important psychoactive constituents of the 
cannabis plant are Δ9-tetrahydrocannabinol (THC) and cannabidiol 
(CBD),  however these are only two of the approximately 70 phytocannabinoids 
that are found in the Cannabis sativa plant (Mechoulam et al., 2007). These 
phytocannabinoids are thought to interact with the human endocannabinoid 
System (ECS) which consists of endocannabinoids and at least five receptors of 
which CB1r and CB2r are most extensively described (Brown, 2007;Pertwee, 
2008;Starowicz et al., 2008). Through activation of cannabinoid receptors, 
cannabinoids induce the inhibition of release of excitatory and inhibitory 
neurotransmitters, such as acetylcholine, noradrenaline, GABA, glutamate and 
dopamine (Freund et al., 2003;Howlett, 2002b) resulting in either inhibition or 
excitation. Pharmacological imaging studies showed dopamine release in the 
striatum in humans following THC exposure (Bossong et al., 2008;Bhattacharyya 
et al., 2012a). Moreover, activation of CB2r impacts on migration of immune 
cells, including microglia (Miller and Stella, 2008) and THC is shown to have a 
modulating effect on cell-mediated and humoral immunity (Yuan et al., 
2002;Jan et al., 2003;Stella, 2009;Stella, 2010;Tanasescu and Constantinescu, 
2010).  
 
Few hypothesis exist that relate these findings on the cellular level to the 
earlier described neuropsychological effects (Marco et al., 2011a). Gene 
expression studies could help to uncover a new perspective through identifying 
genes and biological pathways involved in the response to cannabis exposure 
(Lockhart and Winzeler, 2000). 
Previous gene expression studies investigated the impact of THC on expression 
of pre-selected transcripts in several isolated models. Examples include post-
mortem samples (Lehrmann et al., 2006), animal models (Parmentier-Batteur 
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et al., 2002;Dean et al., 2001;Corchero et al., 1997) or specific cell lines 
(Samson et al., 2003;Sarafian et al., 2005). A priori selection of transcripts 
limits the possibility to uncover new leads in understanding the biological 
pathways underlying cannabis associated adverse effects. To date no studies 
were published investigating the effects of cannabis on gene expression on 
whole blood associated with cannabis use. Moreover, we are not aware of 
studies screening for genome wide expression changes associated with cannabis 
use.  
In this study we therefore directly compared genome wide gene expression 
patterns between heavy cannabis smokers and cannabis naïve participants by 
measuring gene expression profiles in whole blood. 
 
METHODS 
Recruitment 
Participants were recruited among subjects of an ongoing study on genetic and 
epidemiological determinants of cannabis related psychotic experiences. 
Individuals for the current study were recruited in three phases. First, we 
screened for suitable individuals using a project website 
(www.cannabisquest.nl) described elsewhere in detail (Schubart et al., 2010b). 
In short, participants provided information on cannabis use, the experience of 
psychotic like experiences (PLEs), country of birth of their grandparents, age, 
educational level and contact details (N=25,959). Second, individuals between 
the age of 18 and 25 years were invited to participate in an ongoing multilevel 
genetics study. Further inclusion criteria were; absent or extreme cannabis 
exposure and high or low scores (top- or bottom 20%) on the Community 
Assessment of Psychic Experience questionnaire (CAPE) (Konings et al., 2006). 
To control population stratification, we confined to inclusion of individuals 
with four grandparents born in The Netherlands. Selected subjects where 
contacted by telephone, invalid contact details automatically lead to 
exclusion. Third, for the current study, we recruited among individuals that 
participated in our genetics study. All participants gave written informed 
consent and this study was approved by Medical Ethical Committee Utrecht.  
 
Matching 
In order to minimize confounding by other factors that could potentially 
influence gene-expression, we performed a group wise matching procedure. 
The current study aims to detect gene expression changes associated with 
cannabis use, indifferent of absence or presence of PLE’s. We therefore firstly 
matched the samples of cannabis users and cannabis naïves for their score on 
the CAPE questionnaire, see also table 1.  To balance the presence of other 
potential confounding factors in the cannabis using group, we selected from 
the cannabis naïve group in the following order of priority: sex, use of other 
drugs than cannabis, cigarette smoking, use of alcohol, use of medication, and 
finally DSM- IV diagnosis. See table 1 for further details. 
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Cannabis exposure  
In the first (web-based) recruitment round, we assessed the amount in euro’s 
(€) spent on cannabis per week. In The Netherlands THC-concentration and 
market value of cannabis are highly correlated (Trimbos, 2009), we therefore 
used the weekly amount of euro’s spent on cannabis as a proxy measure of 
exposure to Δ9-tetrahydrocannabinol (THC). The THC exposure was categorized 
into five classes; cannabis naïve, cannabis use equivalent of less than €3 per 
week, €3 to €10 per week, €10 to €25 per week and more than €25 per week. 
Cannabis use that exceeded €10 per week and absence of cannabis use were 
inclusion criteria. 
 
Assessment at inclusion 
Drug use was further assessed by using the drugs- and alcohol sections of the 
Composite International Diagnostic Interview (CIDI) (Trimbos-instituut, 2009a). 
Assessments took place at the University Medical Center Utrecht and also 
included a standardized structure clinical interviews (SCID) (Spitzer et al., 
1992) to assess psychiatric diagnoses.  
 
Biological materials 
RNA from whole blood was obtained using two 10cc blood PAXgene (Qiagen TM) 
tubes. All participants donated a urine sample to perform drugs screen in order 
to verify their report on recent cannabis use. PAX-gene tubes were stored in -
20C and RNA was isolated within 6 months after phlebotomy. 
 
Laboratory measurements 
mRNA was isolated and purified from whole blood using the PAXGene 
extraction kit (Qiagen TM) according to the manufacturer's instructions including 
an DNase digestion step. Total mRNA was quantified using a ribogreen assay 
(Invitrogen Quant-itTM Ribogreen, #R11490). RNA quality was determined using 
Agilent 2100 Bioanalyzer. RNA samples with an RNA integrity number (RIN) 
values under 5.0 were excluded (Schroeder et al., 2006). Genome-wide RNA 
expression profiling was obtained with a HumanHT-12 v3 Beadchip, conferring 
over 48,000 probes and using Illumina’s standard protocol at the University of 
California, Los Angeles (UCLA) Illumina facility. RNA samples were prepared 
with the Illumina TotalPrep kit amplification and labeling protocol. 750 ng of 
amplified and biotinylated labeled cRNA was then used for array hybridization. 
BeadChips were scanned using an Illumina BeadArray reader. To prevent batch 
effects, the samples were randomly distributed over the different arrays. 
 
Expression data preprocessing 
BeadStudio© software version 3.2 was used to extract raw data and generate 
background-corrected gene expression data. Background correction was 
performed by subtracting the average value of negative control beads present 
on the array. Further pre-processing was done using the Lumi package for R. A 
variance stabilizing transformation (VST) and robust spline normalization (RSN) 
were applied to the data according to the Lumi procedure (Du et al., 2008). 
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Genes were then filtered based on detection values generated by BeadStudio©. 
Expression probes had to reach the detection p-value threshold <0.01 in at 
least one sample. Chip quality and outlier detection was performed by 
assessing quality statistics and plots before and after transformation and 
normalization.  
 
Expression data analysis 
Expression values were taken as dependent variables and tested for association 
with cannabis status as the independent variable using the Limma software 
package (Smith, 2005a). Cigarette smoking (present or abscent), the use of 
other drugs besides cannabis (present or abscent), age and gender were taken 
along as covariates. Significance threshold was set at a False-Discovery-Rate 
(FDR) corrected P < 0.05. 
  
Quantitative Real Time PCR (qPCR) 
For validation of the results, we analyzed the expression levels of the genome 
wide significant transcripts by qPCR (Applied Biosystems TM). Absolute 
quantities were obtained by running all samples in quadruplicates. First-strand 
cDNA was synthesized according to the manufacturer's instructions. 
Quantitative PCR was carried out using a TaqMan assay from Applied 
Biosystems. The following TaqMan gene expression assays were used: human 
genes for CX3CR1 (Hs00365842), CXCR3 (Hs01598433), PPFIA2 (Hs01548846), 
PPFIA2 (Hs01548855), PPFIA2 (Hs01548860). Ct values were normalized against 
GUS expression (ΔCt). Finally, the amplification profiles were analyzed using a 
threshold cycle (CT) relative quantification method. Log-fold changes and 
significance were calculated using a non parametric delta-delta method. 
 
cis expression Quantitative train loci (eQTL) 
In the previously described study on genetic determinants of cannabis 
associated psychotic symptoms, we generated whole-genome Single Nucleotide 
polymorphisms (SNP) data of all included subjects. We performed a cis 
Expression quantitative trait loci (eQTL) analysis to identify SNP’s that regulate 
mRNA expression levels of relevant loci. Genetic association were calculated 
using PLINK (Purcell et al., 2007), with a standard regression analysis, using 
gene expression as a quantitative trait. The p-value significance threshold was 
set at 0.05 /n, (n being the number of SNP’s to be tested). 
 
RESULTS 
Sample 
Between December 2006 and December 349 individuals were included in the 
current gene expression study. Due to failed response verification by urine 
analyses, unsuccessful RNA extraction, logistic and transportation problems, 
the final amount of available samples was 284, 188 from cannabis naïve 
individuals and 96 from heavy users. Characteristics of the drop-out was 
representative of the entire population with respect to age gender, cannabis 
use and CAPE score (data not shown).  
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We used the 188 cannabis naïve participants to perform groupwise matching for 
the group of 96 heavy users in the following order: CAPE score, sex, use of 
other drugs than cannabis, cigarette smoking, use of alcohol, use of 
medication, and finally DSM IV diagnosis. The matching procedure resulted in 
105 cannabis naïve participants balancing characteristics of 96 heavy users.  
 
After exclusion of participants due to technical reasons (technical outliers, 
n=6) and RNA samples with RNA integrity number (RIN) (Schroeder et al., 2006) 
under the cut-off value of 5.0, we performed our analyses with a total of 100 
cannabis naïve subjects and 90 heavy cannabis users. For sample 
characteristics see table 1. 
 
Table 1. Sample characteristics 
 Total group Cannabis naïve Heavy Cannabis users p-value 

n 190 100 90  

Mean age (sd) 
 

24.0 (2.0) 23.8 (1.8) 24.3 (2.2) 0.06 

Gender (%male) 59.5 39.6 81.1 <0.001 

Other drugs 52 (27%) 0 (0%) 52 (58%) <0.001 

Cigarette smoking 78 (41%) 8 (8%) 70 (78%) <0.001 

Alcohol use lifetime 170 (89%) 90 (90%) 80 (89%) 0.804 

Medication use 
recent 

43 (23%) 24 (24%) 19 (21%) 0.359 

DSM IV diagnosis 72 (38%) 20 (20%) 52 (58%) <0.001 

High CAPE score (%) 93 (49%) 50 (50%) 43 (48%) 0.864 

 
Differential expression  
After filtering and quality control, 20,765 probes remained (42.5%) for further 
analysis. Linear regression analysis yielded 2,131 probes with nominal 
significance. After FDR-correction at the 0.05 level, the expression of two 
transcripts, CX3CR1 (probe ID: ILMN_1745788) (LogFold Change -0.42) and 
PPFIA2 (probe ID: ILMN_1803318) (LogFold Change 0.17), were significantly 
associated with cannabis use. For further details, see table 2.  
 
qPCR validation 
Due to depletion of RNA samples, we were able to perform quantitative real-
time PCR (qPCR) in only 143 participants; 65 heavy users and 78 samples from 
cannabis naïve participants. These participants did not deviate from the 
original sample with respect to the covariates. Following the comparative CT 

(Applied Biosystems TM) protocol for PPFIA2 and CX3CR1, we validated the 
upregulation of the PPFIA2 transcript (log Fold Change 1.40, p: 0.046). 
However, the downregulation of CX3CR1 could not be validated (Fold Change 
1.04, p: 0.516). 
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cis expression Quantitative train loci (eQTL) 
We performed a cis eQTL analysis to identify Single Nucleotide polymorphisms 
(SNP’s) in the PPFIA2 gene that regulate expression levels of PPFIA2 mRNA. 
From the 190 participants included in the current study, genotype data was 
available from 143 individuals and 262 SNP’s in the PPFIA2 gene region 
(according to the Ensembl genome browser). Genetic association were 
calculated using standard association regression analysis in PLINK (Purcell et 
al., 2007). Given the fact that we tested 262 SNP’s, the p-value significance 
threshold was set at (0.05/262): 1.9 e-04. None of the 262 analyzed PPFIA2 
SNP’s was significantly associated with the expression of the PPFIA2 gene. 
 
DISCUSSION 
In this study of genome wide gene expression in whole blood of heavy cannabis 
users, we found that CX3CR1 and PPFIA2 expression were significantly different 
from controls.  After validation with qPCR, the upregulated expression of 
PPFIA2 in heavy cannabis users was verified.  
PPFIA2 encodes for liprin-α-2, a member of the liprin-α family. Liprin-α-2 is 
primarily expressed in hippocampus and cerebellum (Misawa et al., 2001). 
Spangler et al described that liprin-a2 was localized in mossy fiber endings in 
the CA3 region of the hippocampus, in synapses, the axon, dendrites and cell 
body, suggesting a broad array of functions for liprin- α proteins in neuronal 
cells (Spangler et al., 2011;Spangler and Hoogenraad, 2007). Liprin-α proteins 
were originally described as binding partners for the  common antigen-related 
(LAR) family of receptor protein tyrosine phosphatases (LAR-RPTPs) (Dunah et 
al., 2005;Pulido et al., 1995). In interaction with liprins, LAR-RPTPs moderate 
axon guidance (Choe et al., 2006;Hofmeyer et al., 2006;Prakash et al., 2009) 
and intracellular cargo transport (Miller et al., 2005). Currently, liprin-α 
proteins are predominantly investigated for their role key organizers of the 
presynaptic terminal, involved in organizing pre- and post synaptic vesicle 
preparation and neurotransmitter function in the synapse active zone (Patel et 
al., 2006;Ko et al., 2003;Jin and Garner, 2008;Owald et al., 2012;Spangler and 
Hoogenraad, 2007;Spangler et al., 2011;Spangler and Hoogenraad, 2007).  
 
Since LAR-RPTPs are intensively involved in the biology of memory and learning 
(Kolkman et al., 2004), the suggested upregulation of PPFIA2 in cannabis users 
points toward a potential biological pathway underlying the cannabis 
associated adverse effects on memory function. 
 
As described earlier, cannabis use is associated with impairment of all aspects 
of short-term, especially episodic and working, memory (Ranganathan and 
D'Souza, 2006) and long term decline of neuropsychological functioning in all 
domains (Meier et al., 2012).  
A possible biological pathway underlying this association and involving LAR-
RPTPs  and PPFIA2, is that THC influences LTD (Long-Term-Depression) in the 
hippocampus. LTD is a neurophysiological process that selectively weakens 
synaptic transmission and influences hippocampal functioning. LTD is 
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associated with deleting unnecessary memory traces. Interestingly, the latter 
function is consistently attributed to the ECS (Di Marzo, 2011;van der Stelt and 
Di Marzo, 2005), moreover it has been suggested that the ECS plays an 
important role in LTD (Chavez et al., 2010;Izumi and Zorumski, 2012). 
Likewise, LAR-RPTPs have a role in the induction of LTD. Several studies found 
that the induction of mAChR-LTD (muscarinic acetylcholine receptor-dependent 
Long-Term-Depression) in the hippocampus required the activation of protein 
tyrosine phosphatase (PTP), and that expression was partly mediated by liprin-
α – LAR binding (Dickinson et al., 2009;Wu et al., 2009). As described above, 
liprin-α-2 is well known for their role as binding partners LAR-RPTPs (Dunah et 
al., 2005;Pulido et al., 1995). Moreover, accurate binding of liprin-α to LAR-
RPTP in rat hippocampal synapses is crucial for the development and 
maintenance of excitatory synapses (Dunah et al., 2005), and 
LAR phosphatase deficiency has profound impact on spatial learning (Kolkman 
et al., 2004).  
 
Cannabis, PPFIA2 and psychosis 
Given the alleged role of cannabis in the etiology of schizophrenia, the 
upregulation of PPFIA2 in cannabis users is noteworthy. Besides its role in 
hippocampal functioning, liprin-α2 plays a role in postsynaptic targeting of 
AMPA (α-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate) glutamate 
receptors (Ko et al., 2003). In the context of the glutamate hypothesis of 
schizophrenia, dysfunctional trafficking of AMPA subtype glutamate receptors 
has been associated with the development of schizophrenia (Hammond et al., 
2011). As THC impacts on liprin-α2 expression, this could potentially imply the 
AMPA trafficking pathway as an underlying mechanism in the association 
between THC exposure and psychotic illness. In a recent genome wide 
association study (GWAS) in multiplex schizophrenia pedigrees, a polymorphism 
in PPFIA2 (rs12426725) was implicated as one of the SNP’s that were associated 
with schizophrenia with a very low p values (4.2E-06) albeit not genome wide 
significant (Levinson et al., 2012). We did not find evidence of a genetic 
contribution (including rs12426725) to the liprin levels in our data. 
 
CX3CR1(Fractalkine receptor) 
Our genome wide RNA expression profiling analysis suggested that cannabis use 
leads to downregulation of CX3CR1 in whole blood. Validation with qPCR did 
not confirm this finding. However, considering the limited power of our qPCR 
validation analysis due to loss of 47 subjects, CX3CR1 remains a potential 
candidate.  
This transcript codes for the CX3C chemokine receptor 1, which is a dedicated 
receptor for the chemokine Fractalkine (CX3L1). Fractaline is primarily 
expressed in neurons, whereas the fractalkine receptor is expressed on 
microglia (Harrison et al., 1998). Fractalkine plays a crucial role in the 
initiation and progression of inflammation, inducing numerous monocyte- 
mediated proinflammatory signals and chemotaxis of monocytes, T-
lymphocytes and microglia (Maciejewski-Lenoir et al., 1999;Hughes et al., 
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associated with deleting unnecessary memory traces. Interestingly, the latter 
function is consistently attributed to the ECS (Di Marzo, 2011;van der Stelt and 
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receptors (Ko et al., 2003). In the context of the glutamate hypothesis of 
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has been associated with the development of schizophrenia (Hammond et al., 
2011). As THC impacts on liprin-α2 expression, this could potentially imply the 
AMPA trafficking pathway as an underlying mechanism in the association 
between THC exposure and psychotic illness. In a recent genome wide 
association study (GWAS) in multiplex schizophrenia pedigrees, a polymorphism 
in PPFIA2 (rs12426725) was implicated as one of the SNP’s that were associated 
with schizophrenia with a very low p values (4.2E-06) albeit not genome wide 
significant (Levinson et al., 2012). We did not find evidence of a genetic 
contribution (including rs12426725) to the liprin levels in our data. 
 
CX3CR1(Fractalkine receptor) 
Our genome wide RNA expression profiling analysis suggested that cannabis use 
leads to downregulation of CX3CR1 in whole blood. Validation with qPCR did 
not confirm this finding. However, considering the limited power of our qPCR 
validation analysis due to loss of 47 subjects, CX3CR1 remains a potential 
candidate.  
This transcript codes for the CX3C chemokine receptor 1, which is a dedicated 
receptor for the chemokine Fractalkine (CX3L1). Fractaline is primarily 
expressed in neurons, whereas the fractalkine receptor is expressed on 
microglia (Harrison et al., 1998). Fractalkine plays a crucial role in the 
initiation and progression of inflammation, inducing numerous monocyte- 
mediated proinflammatory signals and chemotaxis of monocytes, T-
lymphocytes and microglia (Maciejewski-Lenoir et al., 1999;Hughes et al., 
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2002;Meucci et al., 2000;Harrison et al., 1998;Lee et al., 2006). It is reported 
that augmenting CX3CR1 signaling may protect against microglial neurotoxicity 
(Cardona et al., 2006). Moreover, fractalkine plays a role in the 
phosphorylation and activation of Akt (Hughes et al., 2002;Imai et al., 
1997;Meucci et al., 2000) and is involved in pruning (Schafer et al., 2012).  
The biological implications of a possible association between cannabis use and 
CX3CR1 expression remain unclear. We are currently performing functional 
experiments on the interaction between THC and PPFIA2 and CX3CR1 
regulation, hoping to further unravel the relationship between liprins, 
fractalkine and the ECS. 
 
Previous studies on THC induced gene-expression  
Although not in living cannabis users and not genome wide, a number of studies 
investigated the effect of THC exposure on gene expression. A series of studies 
investigated effects of THC on the density of cannabinoid receptors in post 
mortem brain tissue reporting contradictory findings (Dean et al., 
2001;Villares, 2007;Eggan et al., 2008). Moreover, cannabis use is associated 
with differential gene expression in postmortem anterior prefrontal cortex 
tissue, particularly in calmodulin-related signaling, Golgi and endoplasmatic 
reticulum-related transcripts and lipid metabolism (Lehrmann et al., 2006). 
Besides post-mortem designs, some papers describe the effects of cannabinoids 
under in vitro conditions in specific cell-lines. The main finding of these studies 
is that THC contributes to DNA damage, inflammation, alterations in apoptosis 
regulation (Sarafian et al., 2005) and induces inhibition of cell cycle 
progression (Galanti et al., 2008).  
In our study, we did not find the pathways described above to be differentially 
regulated. However, post-mortem studies examine specific brain areas and 
report on local gene expression regulation (accounting for a post-mortem 
interval) and the current study measured gene expression changes in peripheral 
blood. A further explanation for these convergent findings is that we did not, a 
priori, select transcripts, but performed genome wide expression analysis in 
order to generate new hypotheses on the underlying mechanisms of cannabis 
use associated adverse effects. 
 
Strengths and limitations 
A strongpoint of our study is that we exclusively included heavy cannabis users 
or cannabis naïve individuals to maximize the potential contrast in gene 
expression changes. We then intended to match optimally between the two 
groups for several potentially confounding factors. Further, in our regression 
analyses we included the matching factors as co-variables to further increase 
the reliability of our results.  
A limiting aspect of our study is that, due to sample depletion, we could only 
validate our genome wide expression array results only in a limited proportion 
of participants. The non-replication of the differential expression of CX3CR1 is 
potentially due to insufficient power. A further limiting factor is the fact that 
we did not measure white blood cell count (WBC), introducing potential 

 145

confounding due to unequal distribution of high or low WBC in either group 
caused by chance or even related to cannabis use. Further, we did not draw 
blood from our participants at a standardized time of day, potentially 
introducing variation due to circadian rhythm of gene expression. Another 
potential limitation is the fact that the inhalation of a cannabis cigarette does 
not only comprise inhalation of cannabinoids, but also thousands of organic and 
inorganic chemical compounds. Approximate matching and statistical 
adjustment may not entirely adjust for this potential confounding.  
Finally, we are not sure to what extent gene expression in whole blood is 
correlated with gene expression in the central nervous system. Several authors 
stated that whole genome gene expression measured in peripheral blood, and 
particularly in lymphocytes, could reflect the metabolism of brain cells, and 
may be exploited as a neural probe in studies of psychiatric disorders 
(Gladkevich et al., 2004;Davies et al., 2009). Given the postulated 
neuroimmunological role and ubiquitous expression patterns of CB1r and CB2r 
(Sanchez et al., 1998;Nunez et al., 2004;Cabral et al., 2008;Waksman et al., 
1999;Walter et al., 2003), it is plausible that measuring cannabis use associated 
differences in genome wide gene expression patterns could help to further 
understand the neurobiological mechanisms behind the numerous 
neuropsychiatric effects associated with cannabis use. Moreover the transcripts 
implied in this study show documented expression in brain (Spangler et al., 
2011).  
 
Conclusion 
This is the first study that directly investigates genome wide gene expression 
patterns in whole blood of heavy cannabis users. After qPCR validation, we 
found that the liprin alpha-2 gene (PPFIA2) is significantly up-regulated in 
cannabis users. Modifying Liprin alpha 2 levels is a plausible biological 
mechanism by wich cannabis could influence memory formation in the human 
cortex. Moreover liprin alpha-2 expression modification could be part of the 
biological mechanism underlying cannabis associated psychosis. The current 
findings could to generate new hypotheses on the etiology of adverse effects 
associated with cannabis use. Further molecular studies are warrented to 
follow up this new lead. 
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Summary 
 
In part I of this thesis, epidemiological determinants that influence the 
association between cannabis use and the development of psychosis are 
investigated.  
 
Chapter 1 provides a general introduction to this thesis. 
 
Chapter 2 is a study that focuses on the general mental health burden of 
cannabis use. The objective of this study was to investigate the relationship 
between cannabis use and the risk of psychiatric hospitalization, regardless of 
diagnosis. In a cross-sectional analysis in a sample of 17,698 individuals with a 
mean age of 22 years, we found a dose-response relationship between the 
amount of cannabis use and the odds for psychiatric hospitalization. The 
chance of ever having had a psychiatric hospitalization increased sixfold in 
heavy users compared to cannabis naïve participants. Exposure to cannabis 
before the age of 12 years was found to carry a 4.8 times increased odds for 
past psychiatric hospitalizations. We conclude that, although the underlying 
causal pathway remains unclear, both early and heavy use of cannabis are each 
and independently associated with poor mental health, and thus with 
significant medical and economic costs for society.  
 
Chapter 3 describes an epidemiological analysis in 17,698 participants on 
whether cannabis starting age and level of exposure are associated with 
specific profiles of psychiatric symptoms. We found that a young onset age of 
cannabis use was strongly associated with subclinical psychotic symptoms and 
to a lesser degree with negative symptoms, while smoking high amounts of 
cannabis was associated with increased levels of all three symptom dimensions: 
psychotic, negative and depressive. These results support the hypothesis that 
the impact of cannabis use is age-specific. Despite the fact that the 
informational value of the current dataset is limited by the retrospective and 
cross-sectional design precluding any inference on causality, this study shows 
that heavy current cannabis use is associated with a different symptom profile 
than early cannabis use. This finding converges with epidemiological and 
animal studies and supports the hypothesis that there is a window of increased 
vulnerability of the maturing brain to the effects of exo-cannabinoids such as 
Δ9-tetrahydrocannabinol (THC), during early puberty.  
 
Chapter 4 and 5 describe a further epidemiological factor that modulates the 
association between cannabis use and psychotic symptoms: the type of 
cannabis. As different types of cannabis contain different cannabinoids, it is 
plausible that they exert different impact on the risk of developing 
psychopathology. One of the cannabinoids that is of interest is cannabidiol 
(CBD).  
 

 13

Chapter 4 is a review of the literature on potential antipsychotic properties of 
CBD. First a brief overview is given of the endocannabinoid system (ECS) and a 
concise description of the role of the ECS in the neuropathology of psychotic 
disorders. Second, this review provides an overview of currently available 
animal, human experimental, imaging, epidemiological and finally clinical 
studies that investigated the antipsychotic properties of CBD. We performed a 
search for English articles using Medline and EMBASE. The results suggest that 
CBD impacts differently on the endocannabinoid system than THC. Evidence 
from several study domains suggests that CBD shows potential for antipsychotic 
treatment. Experimental animal and human studies show that CBD has an 
attenuating role in various animal psychosis models and in a number of studies 
has a similar pharmacological profile to atypical antipsychotics. The first 
clinical trials by Leweke and colleagues (Leweke et al., 2012b) are promising 
and underscore the need of large randomized, double blind, controlled trials 
comparing the effect of CBD to atypical antipsychotics. Given the high 
tolerability and superior cost-effectiveness, CBD may possibly be a highly 
attractive alternative to current antipsychotic treatment.  
 
Chapter 5 aims to investigate the role of CBD content in the association 
between cannabis use and psychiatric symptoms in a large non-clinical 
population of cannabis users. In a web-based cross-sectional study in 1877 
adolescents we obtained detailed information about cannabis use and 
subclinical psychotic experiences (CAPE). Different types of cannabis (i.e. 
marijuana, hashish etc) contain distinctive proportions of THC and CBD. Since 
average concentrations of THC and CBD in the most popular types of cannabis 
sold on the Dutch market are annually measured, we were able to quantify 
exposure to THC and CBD. We found a significant inverse relationship between 
CBD content and self-reported positive symptoms, but not with negative 
symptoms or depression. The estimated effect size of CBD content was small. 
Although the observed effects are subtle, the use of high CBD content cannabis 
was associated with significantly lower degrees of psychotic symptoms, 
providing further support for the antipsychotic potential of CBD. To our 
knowledge this is the first large study to investigate the influence of CBD 
content on the presence of psychiatric symptoms in cannabis users from the 
general population. Given the low dose of CBD in cannabis cigarette (“joint”) 
as compared to oral administration in treatment studies, a larger effect could 
not be expected.  
As our data suggest that cannabis types with high CBD content are significantly 
less strongly associated with psychotic symptoms, the current data add to our 
knowledge of CBD as a potential antipsychotic agent. 
 
In part II two studies are described that intend to unravel the underlying 
neurobiological mechanisms of cannabis use associated psychotic symptoms 
using a genetics approach.  
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Chapter 6 describes a Genome-Wide Environment Interaction Study (GWEIS) in 
a sample enriched with participants that were selected by sampling for 
extreme or absent cannabis exposure and extreme high or low scores of self-
reported psychotic symptoms (in total 1261 subjects).  
We describe that a variant in the P2X7 receptor gene (rs7958311) was, although 
not with genome-wide significance, associated with an increased risk for 
experiencing psychotic symptoms in heavy cannabis users. Since the P2X7 
receptor closely interacts with the endocannabinoid system in orchestrating 
microglia neuroinflammation response, the P2RX7 gene is a viable candidate to 
partially explain the biological interaction between cannabis exposure and 
genetic vulnerability in the development of psychotic symptoms. Moreover, the 
current study is a proof of concept that combining extreme phenotypic and 
environmental sampling strongly increase power to detect Gene Environment 
Interaction. Potential hypotheses will be presented in the general discussion of 
this thesis.  
 
Chapter 7 describes a study on gene expression changes that are associated 
with cannabis use. After a rigorous selection and matching procedure, we 
included 190 participants. Expression levels were analyzed for association with 
cannabis use status. Cigarette smoking, the use of other drugs than cannabis, 
age and gender were used as co-variants. Moreover, we corrected for multiple 
testing (FDR).The genome-wide significant findings were validated using qRT-
PCR. The expression levels of two transcripts (CX3CR1 and PPFIA2) were 
significantly associated with cannabis use after correction for multiple testing. 
The up-regulation of PPFIA2 was validated by quantitative PCR. Changes in 
liprin-alpha 2 levels point towards a plausible mechanism by which cannabis 
could influence memory formation and neuronal spouting in the human cortex. 
The finding that PPFIA2 and CX3CR1 are differentially expressed in cannabis 
users could help us to generate new hypotheses on the etiology of adverse 
effects associated with cannabis use.  

 15

General Discussion 
1. On causality 
Although empirical research utterly relies on the notion of causality, the 
formulation of criteria for causality is not straightforward. The famous British 
epidemiologist Bradford Hill intended to formulate such criteria (HILL, 1965) 
which have been used but also passionately disputed in the history of science. 
He established the following list:  

Strength of association (relative risk, odds ratio), Consistency, 
Specificity, Temporal relationship (temporality), Biological gradient 
(dose-response relationship), Plausibility (biological plausibility), 
Coherence, Experiment (reversibility).  

Several of these criteria concerning the link between cannabis use and 
psychosis have been described in this thesis; strength of association (chapter 
3), dose-response relationship (chapter 3), biological plausibility (chapter 6 and 
7). Others such as experiment (Bhattacharyya et al., 2012a) and consistency 
(Moore et al., 2007) have been suggested elsewhere. However, the notion that 
cannabis is indeed a causal agent of schizophrenia is still heavily debated 
(DeLisi, 2008;Hickman et al., 2007;Macleod, 2007;Macleod et al., 2004). 
Although several prospective studies and meta-analyses of these studies (Moore 
et al., 2007) suggest cannabis to be a risk factor, conflicting data have been 
reported (Minozzi et al., 2010;Faber et al., 2012). The association between 
cannabis use and psychosis could therefore also be the result of self-medication 
behavior of subjects experiencing psychotic-like or prodromal symptoms. A 
plausible alternative explanation of apparently conflicting findings is that there 
is a causal bi-directional association between psychosis and cannabis use. A 
recent large epidemiological study investigating the temporal dynamics of the 
link between cannabis and psychosis tested and corroborated this hypothesis 
(Griffith-Lendering et al., 2012). 
Finally, as eloquently formulated by Cecile Henquet and Jim van Os, it is the 
level of coherence between observational, biological and experimental studies 
on that will finally inform the community about the validity and causality of 
any association. (Henquet and van, 2008).  
One could conclude that causality is a fuzzy concept. 
 
2. Window of vulnerability 
One of the hypotheses that is corroborated in this thesis, is the notion of 
increased vulnerability to THC during critical phases of brain maturation. We 
found that cannabis use in early puberty  
is specifically associated with (positive)psychotic symptoms in contrast to a 
broader range of psychiatric symptoms that is dose dependently associated 
with cannabis use in general. 
THC impacts strongly on the functioning of the endocannabinoid system. This 
system plays an important role in brain organization during prenatal 
development and early puberty (Chevaleyre et al., 2006). Experimental studies 
of the endocannabinoid system show that exposure to high levels of exo-
cannabinoids, such as THC, can disrupt neuronal signalling and might interfere 
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with the activity of the endocannabinoid system during stages of high neuronal 
plasticity (Trezza et al., 2008;Lewis, 1997). In animal models, exposure to 
cannabinoids during critical periods of brain maturation has a profound 
influence on the development of the GABA-ergic (Garcia-Gil et al., 1999), 
glutamatergic (Suarez et al., 2004), serotonergic (Molina-Holgado et al., 1997) 
and catecholaminergic system (Fernandez-Ruiz et al., 2000;Garcia-Gil et al., 
1997;Hernandez et al., 2000). In agreement with such an impact of THC 
exposure early in life on the development of neurotransmitter systems, a 
number of papers report a dramatic effect of THC exposure in early puberty on 
various cognitive measures in animals (Schneider and Koch, 2003;Cha et al., 
2006;O'Shea et al., 2004;Quinn et al., 2008).  
As described in chapter 3, such a window of vulnerability in early puberty is 
also supported by a recent cohort study that showed that early cannabis use is 
a risk-modifying factor for psychosis-related outcomes in young adults (McGrath 
et al., 2010). In chapter 2 and chapter 3 we describe that young age of first 
cannabis use strengthens the association with several measures of psychiatric 
vulnerability. This finding converges with epidemiological and animal studies 
and supports the hypothesis that there is a window of increased vulnerability of 
the maturing brain to the effects of exo-cannabinoids such as THC during early 
puberty. Given the developmental nature of psychotic disorders (van Os and 
Kapur, 2009), the finding that cannabis use, as a risk factor, exerts maximal 
influence during early puberty creates a unique opportunity for prevention of 
psychotic disorders. 
 
3. Hypotheses on how the P2X7 receptor interacts with THC in causing 
psychosis vulnerability 
Although discussed in chapter 6, in the following paragraph I would like to 
elaborate further on potential explanations of the involvement of P2RX7 in the 
cannabis-associated risk of schizophrenia.  
 
As described previously, G x E interaction between cannabis and psychosis has 
been studied previously in family studies (van Winkel, 2011;Boydell et al., 
2006;McGuire et al., 1995) and candidate gene studies, generating promising 
but also contradicting results involving AKT-1 and COMT (Caspi et al., 
2005;Henquet et al., 2009;Di Forti et al., 2012;Zammit et al., 2007;van Winkel 
et al., 2011). P2RX7 has not been described in this context before.  
However, the P2X7 receptor is closely involved in endocannabinoid system 
functioning.  
The P2RX7 gene is located on Chromosome 12 at 12q24.31 and encodes for the 
P2X7 receptor. The P2X7 receptor is a two-transmembrane ionotropic receptor 
activated by ATP with high Ca2+ permeability and upon adequate stimulation (Li 
et al., 2005). This receptor is present in all tissues, but is primarily expressed 
in immune cells, liver and whole brain, predominantly in microglia (BioGPS 
gene expression database). In the central nervous system P2X7 is also 
expressed on astrocytes and neurons (Sperlagh et al., 2006;Wiley et al., 2011). 
Many different effects have been attributed to activation of P2X7 by ATP such 
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as secretion of TNF-a, IL-1β and IL-18, nitric-oxide release and secretion of 
caspase-1, for review see Wiley 2011 (Wiley et al., 2011). Besides regulation of 
inflammatory reactions, the P2X7 receptor is also involved in regulation of 
neurotransmitter release, mainly GABA and glutamate (Sperlagh et al., 2006). 
The relationship between P2X7 and the endocannabinoid system revolves 
around the finding that P2X7 plays a key role in the regulation of 
endocannabinoid production in microglia and astrocytes. Walter et al. 
described that ATP strongly increases the production of the endocannabinoid 2-
Arachidonoylglycerol (2-AG) by astrocytes by activation of the P2X7 receptor. 
The authors propose that 2-AG may be involved in restraining the propagation 
of harmful neuroinflammation (Walter et al., 2004). Similarly, Witting et al. 
show that activation of P2X7-receptors increases 2-AG production in microglial 
cells. It is thought that this accumulation of 2-AG leads to an anti-inflammatory 
(M2) phenotype (Stella, 2010). Activation of CB2 receptors by 2-AG, for 
example, decreases cytotoxic agent release (Klegeris et al., 2003). On CB1 
receptors, 2-AG activation leads to a decrease of glutamate release, less 
exitotoxicity (Marsicano et al., 2003;Shen and Thayer, 1998;Sullivan, 1999) and 
a decrease in cerebral blood flow, resulting in less cerebral edema (Stella, 
2010). Overall, these are all anti-inflammatory effects of increased availability 
of 2-AG following P2X7-activation.  
Simultaneously, P2X7-stimulation on itself also leads to neuroinflammation. 
Stimulation of P2X7-receptors on microglia leads to maturation, migration and 
production of cytokines (IL-1beta/IL-18) (Stella, 2010), for review see Wiley 
2011 (Wiley et al., 2011).  
 
Hypotheses 
P2X7 is a receptor with many functions that is involved in neuroinflammation, 
neuroprotection, but also neurotransmission. The biological effect of the 
proposed genetic variant (rs 7958311) is unknown. It could have no effect or 
could imply a gain or loss in each of its functions. Since it is unclear what the 
consequences are of the identified polymorphism at the molecular level, 
hypothesizing about the mechanism behind the discovered G x E interaction 
remains highly speculative.  
 
1) Neuroprotection 
The first hypothesis appreciates the neuroprotective role of the 
endocannabinoid system. We postulate that P2X7-dysfunction and continuous 
THC-exposure both compromise the endocannabinoid system functioning and 
thereby increase psychosis vulnerability. A series of studies exploring the role 
of endogenous cannabinoids in the neurobiology of schizophrenia revealed that 
the levels of endocannabinoids (as anandamide or 2-AG) are markedly 
increased in the cerebrospinal fluid (CSF) and peripheral blood of schizophrenia 
patients compared to healthy controls. Although this association might not be 
causative, the idea is strengthened by the fact that such increase of the 
endocannabinoid anandamide is reversed by antipsychotic therapy (Giuffrida et 
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Marchi et al., 2003). It is suggested that the rise in anandamide could represent 
an inhibitory feedback reaction to over-activation of dopamine D2 receptors. 
Furthermore, Leweke and colleagues found that schizophrenia patients who 
regularly use cannabis have significantly lower anandamide levels than 
schizophrenia patients not using cannabis. These findings lead to the model 
that cannabis use causes downregulation of anandamide signaling in 
schizophrenia patients, and that this mechanism may in turn facilitate 
psychosis (Giuffrida et al., 2004;Leweke et al., 2007a;Leweke et al., 2012b).  
Assuming that the identified SNP (rs7958311) causes a gain or loss of function in 
the previously described function of P2X7 in production of 2-AG in microglia 
and astrocytes (Walter et al., 2004;Witting et al., 2004), it is possible that the 
neuroprotective function of the endocannabinoid system is compromised by 
THC exposure and simultaneously by differential regulation of 2-AG production 
caused by a hypofunctional P2X7-receptor. A possible mechanism could be that 
the increased availability of 2-AG impacts on the sensitivity of the ECS in terms 
of CB1r and CB2r expression.  
 
2) Neuroinflammation 
A second hypothesis is that the interaction between THC and altered P2X7 in 
increasing psychosis vulnerability revolves around neuroinflammation. Recent 
meta-analyses of genome-wide association studies of schizophrenia suggest that 
the pathophysiology of schizophrenia is at least partly immunological (Ripke et 
al., 2011;Steinberg et al., 2011). Mounting evidence from a large variety of 
neurobiological research methodologies corroborate the notion of 
neuroinflammation as a central aspect of the etiology of schizophrenia, for a 
recent and detailed review see Monji et al (Monji et al., 2011).  
As described above, P2X7 is involved in 2-AG production. This endocannabinoid 
has an important role as activator of CB1 and CB2 receptors, that are part of 
the cascade which induces the M2 anti-inflammatory phenotype (Stella, 2010). 
Alteration of 2-AG levels most probably has implications for the orchestration 
of an immunological response to pathogens or tissue damage of any kind. 
Moreover, as described in detail above, P2X7 has a role as an activator of pro-
inflammatory (M1 phenotype) mechanisms (Wiley et al., 2011). It is therefore 
possible that variation in P2X7 function impacts on its role in 
neuroinflammation. THC on the other hand, also has profound impact on 
several aspects of immunological functioning (Cabral and Staab, 2005;Stella, 
2010). The severely increased availability of THC in brains of heavy cannabis 
users causes downregulation of the endocannabinoid system receptors CB1r and 
CB2r (Stella, 2009;Stella, 2010). As a consequence, regulation of 
neuroinflammation could be altered and a hypofunctional P2X7 receptor would 
then not be capable of producing adequate levels of 2-AG to regulate 
neuroinflammation. In this model, THC exposure and inadequate P2X7 function 
interact in causing suboptimal orchestration of neuroinflamatory responses, 
leading to an increased susceptibility for psychotic disorders.  
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We are currently conducting additional functional experiments to test the 
hypotheses postulated above. 
 
4. Some methodological remarks 
4.1 CAPE as a model for schizophrenia 
In this thesis, one of the main outcome measures are scores on self-reported 
subclinical psychiatric symptoms measured by the Community Assessment of 
Psychic Experiences (CAPE) questionnaire. The CAPE measures symptoms in 
three dimensions; positive symptoms (psychosis), negative symptoms (deficits 
in emotional response and cognition) and depression symptoms. In our studies, 
high scores on the CAPE serve as a model for schizophrenia vulnerability, as 
suggested in several studies (Konings et al., 2006;Lataster et al., 2009;Stefanis 
et al., 2002;van Os et al., 1999;Verdoux and van, 2002). Several authors show 
that a high score on self-reported psychotic symptoms predicts an increased 
risk (odds ratio up to 10) of a psychotic disorder later in life (Wiles et al., 
2006;Hanssen et al., 2005;Poulton et al., 2000;Chapman et al., 1994;Yung et 
al., 2009). While still contributing to our understanding of cannabis use on 
psychosis in general, this approach has a number of important advantages. 
Sampling from the population (in contrast to patient-based studies) overcomes 
the limitations of current categorical diagnosis of schizophrenia. Confounding 
factors as social and cognitive deterioration, duration of illness, treatment and 
severity of illness are bypassed. However, although individuals with psychiatric 
problems are overrepresented in the subsamples with high CAPE-scores (see 
chapter 6, table 4), it is an outcome-measure based on self-report and the 
majority of participants who have high scores on the CAPE-questionnaire have 
not and will never develop a psychotic disorder. When considering the results 
presented in this thesis, the reader must realize that a high score on the CAPE-
questionnaire is merely a model for schizophrenia. 
 
4.2. Web-based data 
We collected information on cannabis use and symptom scores in almost 26,000 
individuals (mean age 21.6 years) recruited via the internet 
(www.cannabisquest.nl). Participants answered questions regarding their 
cannabis use, filled out the CAPE-questionnaire, answered questions on their 
psychiatric history and provided their age, educational level and contact 
details. With these data we performed the analyses described in part 1 of this 
thesis. Moreover, these data served in screening for subjects that match 
inclusion criteria for our genetics studies described in part two of this thesis.  
As described in chapter 2, the increased availability of internet access and the 
development of better web-based tools have improved the possibilities to 
acquire information on psychiatric symptoms via the internet. They are 
currently considered a valid additional method in epidemiological research 
(Meyerson and Tryon, 2003;Balter et al., 2005;Gosling et al., 2004;Ekman et 
al., 2006). Over the last years, numerous internet-based assessments have been 
validated that measure a variety of psychiatric phenotypes ranging from 
cannabis abuse to depression (Houston et al., 2001;Vallejo et al., 2007;Khazaal 
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et al., 2008;Graham et al., 2006;Graham and Papandonatos, 2008;Coles et al., 
2007;Lin et al., 2007;Donker et al., 2009;Cuijpers et al., 2008;Spek et al., 
2008). On a more critical note, the use of web-based assessments could 
potentially have lead to instrument inaccuracy or to information bias. 
However, as shown in our sensitivity analyses in chapters 2 and 3, this does not 
seem to affect the quality of our data.  
We have tested measurement invariance of the online version of the CAPE-
questionnaire in a sample of 23,254 participants. Our results show that for 
research purposes the measurement differences between the online assessed 
CAPE and it’s paper and pencil original could be neglected without major 
consequences because of small effect sizes (Vleeschouwer et al., 2013). 
 
4.3. Cannabis measures 
In epidemiological analysis, the definition and operationalization of exposure 
variables is vital. The main psychoactive component of cannabis is THC. 
Concentrations of THC show great variation among different cannabis products. 
We therefore feel that measuring frequency of use or assessing a diagnosis of 
cannabis use or dependency is not the most accurate way to quantify THC 
exposure. In the Netherlands, THC-concentration and cannabis market value 
are highly correlated in marijuana (r=0.365, p < 0.001) and in hashish (r=0.719, 
p < 0.001)(Vleeschouwer et al., 2013). Prices range from €4.30 for one gram of 
imported marijuana with an average THC percentage of 5.5% to €15 per gram 
of Dutch hashish with an average THC concentration of 33.3% (Niesink et al., 
2009c). We therefore assessed the amount of euros (€) spent on cannabis per 
week in the last month, as a proxy measure of exposure to THC.  
 
4.4. Extreme sampling 
In chapter 6, we describe a study that aims to incorporate information on 
cannabis use as risk factor for schizophrenia in a genome-wide gene finding 
approach. Using a previously described extreme sampling method (Boks et al., 
2007b), we aimed to increase power to detect how genetic variation on the SNP 
level impacts on the cannabis associated risk for psychosis.  
Regarding the statistical power, studies on gene-environment interactions form 
a special group of studies (Luan et al., 2001;Boks et al., 2007b). The sample 
sizes that are required to detect gene-environment interactions are much 
larger than those necessary to detect genetic or environmental factors in 
isolation. This is the consequence of the fact that risks are relatively small in 
an unselected epidemiological sample, leading to insufficient numbers of 
subjects suffering from the disorder and having been exposed to the 
environmental factor. Selecting subjects who suffer from schizophrenia in an 
attempt to overcome this problem, introduces a selection-bias that excludes 
those subjects who have been exposed to the environmental factor but did not 
develop the illness. As a consequence of these difficulties, successful Gene 
Environment Interaction (GEI) studies are rare. In our GWEIS study we 
overcome the above mentioned limitation by using an adaptation from an 
extreme discordant case-control design. Several authors pointed out that 
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selecting extremely discordant subjects from the population can substantially 
improve power (Abecasis et al., 2001;Purcell, 2002). We therefore enriched the 
sample of our study not only for extreme pairs regarding phenotypes (in this 
case subclinical symptoms of psychosis as measured with the CAPE) but also 
regarding environmental (cannabis) exposure by selecting individuals with 
extremely high cannabis use and those with extremely low cannabis use.  
 
5. Conclusion 
The studies presented in this thesis aimed to identify genetic and non-genetic 
(epidemiological) factors that shape the association between cannabis use and 
psychosis. We showed that the age of first use of cannabis is a determinant for 
the strength of the association between cannabis use and psychotic symptoms 
and general mental health, as is the amount of cannabis that is consumed.  
Moreover it is likely that the THC/CBD ratio in consumed cannabis products 
further shapes the relationship between cannabis and psychosis. In the second 
part we suggest that carriers of the “A” risk allele in a SNP of the P2RX7 gene 
might have an increased risk of experiencing psychosis symptoms if they are 
heavy cannabis users. Finally we showed that the expression of liprin-α-2 mRNA 
is increased in the blood of heavy cannabis users compared to cannabis-naïve 
individuals. The meaning of the latter two findings is still unclear. We are 
currently conducting additional functional analyses to test these hypotheses.  
In conclusion, the current thesis adds to the notion that exposure of the 
developing brain to THC increases the risk of developing psychosis. Several 
potential pathophysiological pathways are suggested, including interference 
with microglial function.  
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Achtergrond 
Schizofrenie is een ernstige psychiatrische aandoening die bij ongeveer 1% van 
de mensen voorkomt. De ziekte kenmerkt zich door terugkerende psychoses, 
afvlakking van het gevoelsleven en cognitieve achteruitgang. De ziekte heeft 
voor veel mensen een verwoestende uitwerking en kan tot blijvende invaliditeit 
leiden. Tot op heden weten wij niet goed waar de ziekte door wordt 
veroorzaakt. Duidelijk is wel dat de ziekte door een complex samenspel van 
genetische en omgevingsfactoren ontstaat.  
 
In de laatste decennia zijn er steeds meer aanwijzingen dat cannabis een 
risicofactor is voor het ontstaan van schizofrenie. Mensen die cannabis 
gebruiken hebben ongeveer tweemaal zoveel kans op het ontwikkelen van een 
psychotische stoornis, zoals schizofrenie, als mensen die dit niet doen (Moore 
et al., 2007). Het is echter nog altijd onbekend hoe cannabis dit risico 
verhoogt, bovendien ontwikkelt lang niet iedereen die cannabis gebruikt een 
psychose. Waarom de één wel en de ander niet ziek wordt is onduidelijk. Er 
zijn aanwijzingen dat verschillende (epidemiologische) factoren rondom het 
cannabisgebruik alsook genetische kwetsbaarheid hierbij een belangrijke rol 
spelen (van Os et al., 2010).  
 
Doelstelling 
Het doel van dit onderzoek is het identificeren van genetische en niet-
genetische (eppidemiologische) factoren die de gevoeligheid bepalen voor het 
ontwikkelen van een psychose door het roken van cannabis. Door te ontrafelen 
hoe deze factoren de kans op psychose vergroten, hopen we bovendien beter 
te kunnen begrijpen welke effecten cannabis heeft op het brein en hoe 
psychose ontstaat.  
Wij hopen dat deze studie uiteindelijk kan bijdragen aan vroege detectie en 
preventie van psychiatrische aandoeningen.  
 
Strategie 
Om factoren te identificeren die het risico op psychotische symptomen 
vergroten, hebben wij een website opgezet om zo grote groepen mensen 
vragenlijsten te kunnen laten invullen. Op de website www.cannabisquest.nl 
heeft een groep van bijna 26,000 deelnemers vragenlijsten ingevuld over hun 
cannabisgebruik, psychiatrische voorgeschiedenis en over het hebben van 
psychotische symptomen (gemeten met de CAPE vragenlijst (Konings et al., 
2006)). De gegevens van deze mensen hebben wij gebruikt om; 1) verbanden te 
analyseren te analyseren tussen eigenschappen van deze mensen 
(epidemiologische factoren) en hun cannabis gebruik en 2) mensen te 
selecteren die geschikt waren voor onze genetische studie.  
 
Samenvatting van de belangrijkste resultaten uit dit proefschrift: 
Hoofdstuk 1 is een engelstalige introductie op het onderwerp van dit 
proefschrift. In deel I van dit proefschrift wordt ingegaan op de vraag welke 
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epidemiologische factoren invloed hebben op de kans om een psychose te 
ontwikkelen bij cannabisgebruik.  
 
In hoofdstuk 2 wordt de vraag behandeld of cannabisgebruik geassocieerd is 
met het hebben van een (niet nader gespecificeerde) psychiatrische 
voorgeschiedenis met een klinische opname. Onze conclusie was dat dit 
inderdaad het geval is. Onder mensen die jonger dan 12 en zelfs jonger dan 15 
jaar waren toen zij voor het eerst cannabis gebruikten, is de kans op opname in 
een psychiatrische instelling duidelijk (tot 4x) verhoogd. Ook de hoeveelheid 
cannabis die mensen gebruiken verhoogt dit risico tot 6x bij de zeer ernstige 
gebruikers.  
 
Hoofdstuk 3 beschrijft een studie naar het verband tussen cannabisgebruik en 
het ervaren van psychische klachten. Uit onderzoek is gebleken dat het ervaren 
van psychiatrische klachten (positieve, negatieve en depressie-symptomen) het 
risico op een psychotische stoornis zoals schizofrenie, sterk verhoogt. Uit 
analyse in een groep van 17,698 proefpersonen blijkt dat mensen die zeer jong 
(voor hun 12de) maar ook jong (voor hun 15de) zijn begonnen met 
cannabisgebruik, een sterk verhoogd risico hebben om psychische klachten te 
ervaren. Met name het risico op psychotische klachten (wanen en hallucinaties) 
is sterk verhoogd bij deze groep. Ook het gebruik van veel cannabis verhoogt 
dit risico, waardoor het lijkt dat er sprake is van een dosis-respons relatie. Hoe 
meer cannabis iemand gebruikt, hoe hoger het risico. 
 
Hoofdstuk 4 is een review waarin het mogelijke antipsychotische effect van 
cannabidiol wordt beschreven, wat naast Δ9-tetrahydrocannabinol (THC) een 
ander belangrijk bestanddeel is van de cannabisplant. Wij concluderen dat er 
met gebruik van zeer uiteenlopende onderzoeksmethodes, vanuit verschillende 
benaderingen bewijs is ontstaan voor een mogelijke antipsychotische werking 
van cannabidiol. Of cannabidiol ook daadwerkelijk als antipsychoticum kan 
worden gebruikt, moet nog blijken uit verder onderzoek. Aangezien de 
concentraties THC en cannabidiol sterk uiteenlopen tussen de verschillende 
soorten cannabis, is de hoeveelheid cannabidiol die iemand binnenkrijgt tijdens 
cannabisgebruik afhankelijk van het type cannabis dat gebruikt wordt.  
 
In hoofdstuk 5 wordt gekeken of het type cannabis (en daarmee de verhouding 
THC/cannabidiol) van invloed is op het risico om psychotische klachten te 
ontwikkelen in onze eigen onderzoekspopulatie. Uit onze studie blijkt dat de 
verhouding THC/cannabidiol een, weliswaar kleine, maar significante invloed 
heeft op het ervaren van psychotische klachten. De beschermende functie van 
cannabidiol wordt hierdoor bevestigd. Interessant is dat met name de 
buitenlandse hasjsoorten veel cannabidiol bevatten. Wiet, en met name 
Nederlandse wiet, bevat weinig tot geen cannabidiol. 
 
In deel II van dit proefschrift wordt ingegaan op de vraag welke genetische 
factoren een rol spelen bij het risico om een psychose te ontwikkelen bij 



Summary and General Discussion

9

179
 32

Achtergrond 
Schizofrenie is een ernstige psychiatrische aandoening die bij ongeveer 1% van 
de mensen voorkomt. De ziekte kenmerkt zich door terugkerende psychoses, 
afvlakking van het gevoelsleven en cognitieve achteruitgang. De ziekte heeft 
voor veel mensen een verwoestende uitwerking en kan tot blijvende invaliditeit 
leiden. Tot op heden weten wij niet goed waar de ziekte door wordt 
veroorzaakt. Duidelijk is wel dat de ziekte door een complex samenspel van 
genetische en omgevingsfactoren ontstaat.  
 
In de laatste decennia zijn er steeds meer aanwijzingen dat cannabis een 
risicofactor is voor het ontstaan van schizofrenie. Mensen die cannabis 
gebruiken hebben ongeveer tweemaal zoveel kans op het ontwikkelen van een 
psychotische stoornis, zoals schizofrenie, als mensen die dit niet doen (Moore 
et al., 2007). Het is echter nog altijd onbekend hoe cannabis dit risico 
verhoogt, bovendien ontwikkelt lang niet iedereen die cannabis gebruikt een 
psychose. Waarom de één wel en de ander niet ziek wordt is onduidelijk. Er 
zijn aanwijzingen dat verschillende (epidemiologische) factoren rondom het 
cannabisgebruik alsook genetische kwetsbaarheid hierbij een belangrijke rol 
spelen (van Os et al., 2010).  
 
Doelstelling 
Het doel van dit onderzoek is het identificeren van genetische en niet-
genetische (eppidemiologische) factoren die de gevoeligheid bepalen voor het 
ontwikkelen van een psychose door het roken van cannabis. Door te ontrafelen 
hoe deze factoren de kans op psychose vergroten, hopen we bovendien beter 
te kunnen begrijpen welke effecten cannabis heeft op het brein en hoe 
psychose ontstaat.  
Wij hopen dat deze studie uiteindelijk kan bijdragen aan vroege detectie en 
preventie van psychiatrische aandoeningen.  
 
Strategie 
Om factoren te identificeren die het risico op psychotische symptomen 
vergroten, hebben wij een website opgezet om zo grote groepen mensen 
vragenlijsten te kunnen laten invullen. Op de website www.cannabisquest.nl 
heeft een groep van bijna 26,000 deelnemers vragenlijsten ingevuld over hun 
cannabisgebruik, psychiatrische voorgeschiedenis en over het hebben van 
psychotische symptomen (gemeten met de CAPE vragenlijst (Konings et al., 
2006)). De gegevens van deze mensen hebben wij gebruikt om; 1) verbanden te 
analyseren te analyseren tussen eigenschappen van deze mensen 
(epidemiologische factoren) en hun cannabis gebruik en 2) mensen te 
selecteren die geschikt waren voor onze genetische studie.  
 
Samenvatting van de belangrijkste resultaten uit dit proefschrift: 
Hoofdstuk 1 is een engelstalige introductie op het onderwerp van dit 
proefschrift. In deel I van dit proefschrift wordt ingegaan op de vraag welke 

 33

epidemiologische factoren invloed hebben op de kans om een psychose te 
ontwikkelen bij cannabisgebruik.  
 
In hoofdstuk 2 wordt de vraag behandeld of cannabisgebruik geassocieerd is 
met het hebben van een (niet nader gespecificeerde) psychiatrische 
voorgeschiedenis met een klinische opname. Onze conclusie was dat dit 
inderdaad het geval is. Onder mensen die jonger dan 12 en zelfs jonger dan 15 
jaar waren toen zij voor het eerst cannabis gebruikten, is de kans op opname in 
een psychiatrische instelling duidelijk (tot 4x) verhoogd. Ook de hoeveelheid 
cannabis die mensen gebruiken verhoogt dit risico tot 6x bij de zeer ernstige 
gebruikers.  
 
Hoofdstuk 3 beschrijft een studie naar het verband tussen cannabisgebruik en 
het ervaren van psychische klachten. Uit onderzoek is gebleken dat het ervaren 
van psychiatrische klachten (positieve, negatieve en depressie-symptomen) het 
risico op een psychotische stoornis zoals schizofrenie, sterk verhoogt. Uit 
analyse in een groep van 17,698 proefpersonen blijkt dat mensen die zeer jong 
(voor hun 12de) maar ook jong (voor hun 15de) zijn begonnen met 
cannabisgebruik, een sterk verhoogd risico hebben om psychische klachten te 
ervaren. Met name het risico op psychotische klachten (wanen en hallucinaties) 
is sterk verhoogd bij deze groep. Ook het gebruik van veel cannabis verhoogt 
dit risico, waardoor het lijkt dat er sprake is van een dosis-respons relatie. Hoe 
meer cannabis iemand gebruikt, hoe hoger het risico. 
 
Hoofdstuk 4 is een review waarin het mogelijke antipsychotische effect van 
cannabidiol wordt beschreven, wat naast Δ9-tetrahydrocannabinol (THC) een 
ander belangrijk bestanddeel is van de cannabisplant. Wij concluderen dat er 
met gebruik van zeer uiteenlopende onderzoeksmethodes, vanuit verschillende 
benaderingen bewijs is ontstaan voor een mogelijke antipsychotische werking 
van cannabidiol. Of cannabidiol ook daadwerkelijk als antipsychoticum kan 
worden gebruikt, moet nog blijken uit verder onderzoek. Aangezien de 
concentraties THC en cannabidiol sterk uiteenlopen tussen de verschillende 
soorten cannabis, is de hoeveelheid cannabidiol die iemand binnenkrijgt tijdens 
cannabisgebruik afhankelijk van het type cannabis dat gebruikt wordt.  
 
In hoofdstuk 5 wordt gekeken of het type cannabis (en daarmee de verhouding 
THC/cannabidiol) van invloed is op het risico om psychotische klachten te 
ontwikkelen in onze eigen onderzoekspopulatie. Uit onze studie blijkt dat de 
verhouding THC/cannabidiol een, weliswaar kleine, maar significante invloed 
heeft op het ervaren van psychotische klachten. De beschermende functie van 
cannabidiol wordt hierdoor bevestigd. Interessant is dat met name de 
buitenlandse hasjsoorten veel cannabidiol bevatten. Wiet, en met name 
Nederlandse wiet, bevat weinig tot geen cannabidiol. 
 
In deel II van dit proefschrift wordt ingegaan op de vraag welke genetische 
factoren een rol spelen bij het risico om een psychose te ontwikkelen bij 



Chapter 9

180
 34

cannabisgebruik. Om deze genen te identificeren, hebben wij een “genome 
wide environment interaction study (GWEIS)” opgezet. Deze wordt beschreven 
in hoofdstuk 6. Wij hebben in een groep van 1262 proefpersonen geanalyseerd 
welke genetische varianten geassocieerd zijn met de gevoeligheid om 
psychotische symptomen te ontwikkelen bij cannabisgebruik. Eén van de 
vernieuwende aspecten van het gebruikte design is dat wij proefpersonen 
hebben geselecteerd op twee eigenschappen. Ten eerste het zeer hoog of zeer 
laag scoren op het hebben van psychiatrische klachten en ten tweede op het 
gebruik van zeer veel of praktisch geen cannabis. Door vooral mensen te 
includeren met deze “extreme” profielen, konden wij de statistische 
bewijskracht van onze analyses sterk vergroten. Voor een uitgebreidere 
bespreking van deze methode zie ook (Boks et al., 2007b).  
Uit de groep van 26.000 mensen die op de website vragen heeft beantwoord, 
zijn 1364 proefpersonen geselecteerd die aan de strenge inclusiecriteria 
voldeden. 1184 van deze mensen waren bereid om naar het UMC Utrecht te 
komen voor bloedafname. Bij deze proefpersonen is bloed afgenomen voor 
DNA-analyse en tevens is er bij hen een uitgebreide hoeveelheid aan klinische 
interviews en vragenlijsten afgenomen. Daarnaast hebben nog 178 mensen 
deelgenomen die niet naar het ziekenhuis wilden komen. Zij hebben de 
vragenlijsten per mail ingevuld en een speekselmonster met DNA naar ons 
opgestuurd per post. Uit deze studie blijkt dat onder cannabisgebruikers met 
name een variant van het gen P2RX7 een risicofactor is om hoog te scoren op 
psychosevragenlijsten. Het P2RX7-gen codeert voor het P2X7-eiwit dat een 
functie heeft in het immuunsysteem, maar ook samen blijkt te werken met het 
lichaamseigen cannabissysteem (het endocannabinoïd systeem). Deze 
ontdekking geeft aanleiding tot verschillende hypotheses die in verder 
onderzoek getoetst moeten worden.  
 
Het laatste hoofdstuk, hoofdstuk 7 gaat over genexpressie-veranderingen door 
cannabisgebruik. Genexpressie is de hoeveelheid DNA die daadwerkelijk wordt 
omgezet in messenger-RNA en uiteindelijk tot productie van een 
aminozuursequentie, ofwel eiwit, leidt. De mate van genexpressie is een maat 
voor de activiteit van een gen en is sterk afhankelijk van de functie van de cel 
waarin het gen tot expressie moet komen en, in mindere mate, van 
verschillende omgevingsfactoren die invloed hebben op het functioneren van 
de cel. Bij een deel van de mensen die geïncludeerd zijn (n=190), is RNA uit 
bloed geïsoleerd en genexpressie bepaald met behulp van micro-arrays. In deze 
data hebben wij geanalyseerd in hoeverre cannabisgebruik invloed heeft op 
genexpressie. In deze analyse wordt de activiteit van ca. 20.000 genen in het 
bloed van cannabisgebruikers vergeleken met de activiteit bij cannabis-naïeve 
proefpersonen. Uit deze analyse komt naar voren dat twee genen (CX3CR1 en 
PPFIA2) een significant ander activatiepatroon hebben onder 
cannabisgebruikers vergeleken met niet-cannabisgebruikers. Middels een 
aanvullende analyse (qPCR) is getracht deze ontdekking te valideren. Met deze 
analyse is alleen de veranderde regulatie van PPFIA2 bevestigd. PPFIA2 is een 
gen dat codeert voor een eiwit dat liprine-2-alpha heet. Dit eiwit is onder 
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andere betrokken bij het functioneren van synapsen en de geheugenfunctie. 
Verder onderzoek moet uitwijzen wat dit verband tussen PPFIA2 en cannabis 
betekent en wat dit zegt over de manier waarop cannabis invloed heeft op het 
functioneren van ons brein.  
 
Conclusie 
De doelstelling van dit proefschrift was om te onderzoeken welke genetische en 
niet-genetische factoren invloed hebben op de relatie tussen cannabis en 
psychose. Uit dit proefschrift blijkt dat zowel de leeftijd op en hoeveelheid van 
cannabisgebruik sterk geassocieerd zijn met zowel de kans dat iemand al ooit 
in een psychiatrische instelling is opgenomen alsook het risico op psychotische 
symptomen. Ook het type cannabis dat men gebruikt heeft invloed op dit 
risico. Tevens blijkt uit het tweede deel van dit proefschrift dat cannabis voor 
dragers van een variant in het P2RX7-gen mogelijk extra risicovol is en dat 
cannabis invloed heeft op de expressie van liprine-2-alpha. De betekenis van 
deze laatste twee bevindingen is nog onduidelijk. De resultaten zullen in 
onafhankelijke populaties moeten worden bevestigd en de achterliggende 
biologische mechanismen moeten met moleculair-biologische, functionele 
experimenten verder worden ontrafeld. 
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Dankwoord 
 

Hoewel het niet vanzelf ging, moet gezegd worden dat dit proefschrift bepaald 
niet uitsluitend dankzij mij en soms zelfs ondanks mij tot stand is gekomen. 
Velen hebben op zichtbare en onzichtbare manieren meegedacht, bijgestuurd, 
geïnspireerd, ondersteund en geïnvesteerd. Ik ben dan ook met name trots op 
de goede samenwerking met de vele mensen die ik heb ontmoet tijdens dit 
wetenschappelijk avontuur. 
 
Door de bijdrage van bijna 26.000 mensen die bereid waren om aan onze studie 
mee te doen is CannabisQuest mogelijk gemaakt. Mijn dank gaat daarom in de 
eerste plaats uit naar onze proefpersonen.  
 
Prof.dr. R.S. Kahn, beste René je kritische blik en je vaak uitgesproken visie op 
wetenschap en de psychiatrie hebben mij veel geleerd, als promovendus en als 
psychiater in spe. Ik bewonder je vermogen om met een minimum aan vragen 
tot de kern te komen (of de zere plek..) en de humoristische wijze waarop je 
de meest ongezouten kritiek dragelijk weet te maken, het heeft van mij een 
betere dokter en wetenschapper gemaakt en steeds weer heb je mij geholpen 
om het verhaal achter de data beter te begrijpen.  
 
Dr. M.P.P. Boks, beste Marco, op de dag dat ik jou feliciteerde met je eigen 
promotie vroeg je mij of het mij ook wat leek.. ik zei ja en daar heb ik geen 
spijt van. Bedankt voor het vertrouwen om jouw idee voor de CannabisQuest 
studie mede te mogen realiseren. Onze samenwerking was een leerzaam en 
vruchtbaar avontuur. Jouw creativiteit, optimisme en doorzettingsvermogen 
heb ik zeer gewaardeerd en hebben een doorslaggevende bijdrage geleverd aan 
dit eindresultaat. 
 
Prof. dr. I.E.C. Sommer, beste Iris, ik wil je hartelijk bedanken voor je 
motiverende, enthousiaste en prettige begeleiding. Hoewel wij met name in de 
eerste periode van mijn promotietraject hebben samengewerkt is jouw 
bijdrage blijvend inspirerend geweest.  
 
Geachte leden van de promotiecommissie, Prof.dr. W.A.M. Vollebergh, Prof.dr. 
W.J.G. Hoogendijk, Prof.dr. L. de Haan, Prof.dr. L.J.M.J. Vanderschuren en 
Prof.dr. R.A. Ophoff, hartelijk bedankt voor uw kritische lezing van mijn 
manuscript en de kans om mijn proefschrift voor u te mogen verdedigen. 
 
Prof.dr. R.A. Ophoff, beste Roel, ik dank je voor een bijzonder leerzame 
samenwerking, je passie voor de wetenschap is aanstekelijk en onze 
gesprekken toonden mij wat een mooi vak de genetica is. Helaas ben je er 
vandaag niet bij, ik wens je alle goeds in LA. 
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Jaap Wijkstra, als onderzoeksassistent bij de DUDG studie is het voor mij 
allemaal begonnen. Mijn opleiding tot psychiater in het UMC heb ik later 
wederom onder jouw begeleiding afgerond. Voor de keuze gesteld of ik meer 
dokter of onderzoeker ben kan ik je zeggen dat de dokter in mij het wint, de 
samenwerking met jou heeft hier een belangrijke rol in gespeeld.  
 
Willemijn van Gastel, het was leuk, gezellig en leerzaam om de CannabisQuest 
kar samen met jou te trekken. Ben erg blij dat wij op deze manier hebben 
samengewerkt en echt trots op ons resultaat! 
 
Deze studie was beslist vastgelopen zonder de hulp van onze uiterst 
competente onderzoeksassistenten: Sterre Beetz, Eveline Rooijakkers, Esther 
Mesman, Marthe de Bruine, Jeroen Berkhout en Annabel Vreeker; bedankt! 
 
Zonder onze stagiaires was het onmogelijk geweest om onze studie op gang te 
krijgen en te houden. Ik heb veel van jullie geleerd en wil jullie ook daarvoor 
van harte bedanken! In het bijzonder Anne-Marije Schat, Karin van Hoof, 
Lander van Bochaute, Klaudia Pietersen, Julie Duijm, Tania Su, Marloes Grit, 
Ben Janse, Ariel Vondeling, Alfred Veldhuis, Alain Boersen, Marieke Weijns, 
Sanne Kemner, Lieselotte Hueting, Marieke Marsman, Lina Marzouk, Fatih 
Ustum, Paula Karuza, Marjet Blom, Rogier Goetgebuer, Sven Heijdenrijk, Martin 
Olieman, Jeroen Steenmeijer, Mirthe de Vries, Celine Kromhout, Laura van 
Geffen, David de Jong, Marjet Blom, Sabine Lotgering en Jasper Helthuis.  
 
Roelof Bos, onze website bouwer van Ragfijn Webservice en daarmee 
CannabisQuester van het eerste uur. Bedankt voor een langdurige en goede 
samenwerking! 
 
Graag wil ik alle collega’s van de afdeling A1 heel hartelijk bedanken voor de 
ontzettend fijne tijd die ik dankzij jullie op de stemmingsstoornissen gehad 
heb. In het bijzonder Maria, Tania en (vroeger) Linda van het secretariaat, 
bedankt voor gezelligheid en de fantastische ondersteuning maar ook voor de 
vele, vele koekjes die ik bij jullie mocht stelen.  
 
Emmy Drost, Jeanette Sopacua en Elly Schreurs, bedankt voor jullie hulp en 
vaak onzichtbare maar onmisbare ondersteuning.   
Lot de Witte, Matthijs Bossong, Christiaan Vinkers, Marloes Vleeschouwer, 
Annabel Vreeker, Manja Lijntjes en Maartje Aukes, Eske Derks, Bobby Koeleman 
en Rolf Groenwold dank ik voor de waardevolle bijdragen aan verschillende 
projecten waarin wij hebben samengewerkt. 

 
Esther Janson en Eric Strengman hartelijk bedankt voor jullie hulp (en geduld) 
tijdens mijn werkzaamheden op het genetica lab.  
 
  

Simone de Jong en Kristel van Eijk, zonder jullie rekenkundige expertise was 
het echt niet gelukt. De humor hielp ook!  
 
Collegae assistenten en (inmiddels)psychiaters van het UMC Utrecht, in het 
bijzonder  Hilgo Bruining, Saskia Palmen, Babette de Graeff-Meeder, Sjoerd 
Fluitman, Geartsje Boonstra, Steven Bakker, Nanoushka van Waart, Miranda 
Fredriks, Peter-Jan van Eeten, Anne-Marije Schat, Max de Leeuw, Kim Majer, 
Arija Maat, Christiaan Vinkers, Jurjen Luykx, Nathalie Saridjan, Avram Oros en 
vele anderen, ik dank jullie voor een fantastische assistententijd. 
 
Professor Charles Newton, Dear Charles, I admire your work and collaborating 
with you inspired me to start and finish my PhD. Many thanks! 
 
Metten Somers, Elemi Breetvelt en Jeroen Koning, ik had mij geen betere 
kameraden kunnen wensen om deze jaren in het UMCU samen mee te beleven, 
gelukkig zijn we nu een intervisiegroep en gaat het feest gewoon door. 
 
Rainier, toen ik begon met studeren was je mijn kleine neefje die kwam 
logeren, nu ben je mijn paranimf, fier en koen. Ik dank je voor je hulp en steun 
bij mijn promotie en ben tegelijkertijd ongelofelijk trots op mijn grote neefje.  
 
Maarten, paranimf, een bijzondere, hechte en veelzijdige vriendschap hebben 
wij. Daarvoor en voor je ondersteuning bij mijn promotie dank ik je van harte. 
 
Αγαπημένοι Έλληνες γονείς, σας ευχαριστώ για όλη την αγάπη και υποστήριξη 
που μας βοήθησαν να πραγματοποιήσουμε όλα τα όμορφα πράγματα στην ζωή 
μας 
 
Mein Lieber Papa, zu glauben man könne alles was man sich in den Sinn setzt, 
hab ich von dir gelernt. Ohne deine Unterstützung, wärme und Förderung hatte 
ich diese Doktorarbeit nie geschrieben.   
 
Lieve mams, zoveel steun, zoveel warmte, zoveel liefde, op ontelbare 
manieren heb jij bijgedragen aan dit proefschrift en daarvoor wil ik je danken. 
 
Lieve Tania, lieve Max, het schrijven van deze laatste regels plaatst al het 
bovenstaande in het juiste perspectief. Er zijn geen woorden om te beschrijven 
hoe dankbaar en gelukkig ik ben dat jullie in mijn leven zijn. 
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