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CHAPTER |
Introduction




Phenomenology of psychosis

The term psychosis was suggested in 1845 by Feuchtersleben as a description of
severe mental illness with both psychological and physical symptoms [1]. Kraepelin
differentiated between neurosis and psychosis [2] and Schneider introduced the
term first-rank symptoms as core symptoms of the diagnostic category schizophre-
nia [3]. This became the foundation for the definition of schizophrenia and formed
the basis of modern classifications such as the Diagnostic and Statistical Manual of
Mental Disorders of the American Psychiatric Association (DSM) and International
Classification of Diseases (ICD-10). Nowadays, psychosis refers to a mental state in
which contact with reality is lost or highly distorted, and where insight into the
pathological nature is often absent. Schizophrenia is characterized by multiple psy-
chotic episodes, and includes both positive symptoms, (e.g. bizarre delusions, hallu-
cinations), disorganized behaviour (such as disorganised speech, disorganized and
catatonic behaviour) and negative symptoms (flat affect, poverty of thoughts or
speech and apathy). In order to fulfil DSM-IV criteria for schizophrenia, these symp-
toms have to interfere with social and occupational functioning, and may not be
due to the acute effects of substance abuse or a medical condition [4]. Prevalence
rates for schizophrenia are considered to be one percent worldwide [5]. Systematic
reviews however reveal a more complex and varied epidemiological picture where
prevalence rates of schizophrenia are higher in certain groups : for example, in men
in urban environments and in members of ethnic minority groups, higher rates of
schizophrenia have been reported [6, 7].

With the revision of DSM forthcoming, the discussion has arisen whether the old
categories of psychotic disorder, in particular schizophrenia, should be retained [8].
Psychotic disorders have long been considered to occur in a dichotomous way
where symptoms are “present” or “absent”, a view that is inherent with the cate-
gorical diagnostic systems used. Psychotic symptoms, however, may not exclusively
occur in patient populations in an all-or-none phenomenon. Moreover, there is
evidence to suggest that that psychosis exists in the general population as a contin-
uum where the psychosis phenotype is expressed at levels below its clinical mani-
festation. This broader psychosis phenotype is commonly referred to as psychosis
proneness, psychotic experiences or schizotypy [9]. Hanssen and colleagues showed
that the incidence of psychotic experiences in the general population was 100 times
higher than the incidence of psychotic disorders such as schizophrenia in the gen-
eral population [10]. Another study showed that 17.5 % of the population sample
reported non clinical psychotic symptoms while only 2% of this sample was diag-
nosed with a psychotic illness, revealing an incidence rate nearly 50 times higher
than the psychosis phenotype in the normal population than that of psychotic diag-
noses [11].
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Aetiology of psychosis

The etiology of schizophrenia is complex and involves multiple factors. Numerous
twin and family studies have shown that part of the vulnerability for the disease is
genetic, with heritability rates ranging between 41 and 86 % [12-14]. This genetic
liability may not be attributed to a single locus but is more likely due to result from
multiple variations in DNA sequence in multiple genes [15-17]. Genetic vulnerability
alone, however, is not sufficient to cause the disease. Mounting evidence suggests
that multiple environmental risk factors are implicated in the etiology of schizo-
phrenia as well [18] (e.g. infections during pregnancy and delivery [19], ethnic mi-
nority [20], trauma at childhood [21], and urbanicity [22, 23]). Their exact relevance
and the neurobiological processes involved however, remain poorly understood
[24].

Cannabis as a risk factor for psychosis

Cannabis is the most commonly used (illegal) drug in the world. In the Netherlands
about one in six people between the ages of 15 and 64 years has used cannabis at
least once in their lives, especially in the age group of 15-24 years. In the nineties,
the use of cannabis considerably increased in Europe, especially amongst young
people. In addition, Monshouwer and colleagues showed a doubling in the number
of young people using cannabis before the age of 14 between 1992 and 1996 [25].
In patients with a psychotic disorder, the use of cannabis is considerably higher than
in the general population (rates vary from 27-42 %) [26, 27]. Research has shown
that in these patients the use of cannabis is associated with a less favourable dis-
ease course, with more frequent hospitalizations, more relapses and poorer psycho-
social functioning [28-30]. Self report research however, suggests that cannabis use
may also have a positive impact on negative [31] and affective symptoms [32]. Pa-
tients themselves often report using cannabis for the positive effects of cannabis on
mood and social functioning [33, 34].

The French psychiatrist Moreau was the first in 1845 to publish a study on the acute
effects of cannabis. He exposed himself and his students to high amounts of THC
(A9-tetrahydrocannabinol, the psychoactive component of cannabis) and concluded
that THC may acutely induce psychotic symptoms [35]. These responses were
clearly dependent on the amount of cannabis being administered. Psychotic reac-
tions included paranoid ideas, illusions, hallucinations, depersonalisation and agita-
tion. Later, the psychiatrist and neurologist Ames conducted similar experiments
and similarly showed that intoxication with cannabis may result in delusions and
hallucinations in healthy volunteers [36]. Favrat and colleagues examined the im-
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pact of cannabis on cognition and driving skills and concluded that the majority of
the test cases did not react psychotically to synthetic THC. Two cases of healthy
subjects however, developed transient psychotic symptoms (depersonalization,
paranoid feelings and derealisation) following the oral administration of cannabis
[37]. These different findings suggest that people differ in their sensitivity to canna-
bis. D’Souza examined differential sensitivity for the acute effect of cannabis by
exposing both patients with schizophrenia as healthy controls to THC. The results
showed that patients were more sensitive to the acute effects of cannabis and
showed more psychotic perceptions and more cognitive impairments after exposure
to cannabis than controls [37].

The first study investigating the long term effects of cannabis exposure on psychosis
risk was published by Andreasson and colleagues in 1987. In this study 45,000 con-
scripts aged 18 years were followed over the course of 15 years. The results showed
that the risk of developing schizophrenia was 6 times higher for those who had used
cannabis at least 50 times at age 18 years, compared to those who had never used
cannabis at age 18 years [38]. In the Netherlands the long term effects of cannabis
have also been examined using data from the NEMESIS study (Netherlands mental
health survey and incidence study). Van Os concluded in this study that in the gen-
eral population, cannabis use is associated with a three-fold risk of psychosis. This
association remained statistically significant after adjusting for possible confounding
factors such as ethnicity and growing up in an urban environment [39]. In the
Christchurch Health and Development Study in New Zealand 1055 children were
examined during childhood and again at age 18, 21 and 25. These results similarly
showed that use of cannabis result in an increased risk of developing psychosis later
on in life [40]. In this study no relation was found to reverse causality, indicating
that psychotic symptoms did not increase the risk of starting to use cannabis (the so
called self medication hypothesis). In the German Early Developmental Stages of
Psychopathology (EDSP) study including 2437 young people, the self medication
hypothesis was further examined, but it was also shown here that psychosis vulner-
ability at baseline did not predict cannabis use 4 years later [41]. A study in the
Netherlands, however, following 1580 young people over a period of 14 years,
found that psychotic symptoms at baseline did increase the risk for later cannabis
use [40]. Overall, several meta-analyses have now been published, all showing that
use of cannabis is associated with a two fold increased risk for psychosis, independ-
ent of other risk factors for psychosis or pre-existing psychotic symptoms [41, 42]. It
seems clear, however, that cannabis alone may not be a sufficient nor a necessary
cause of psychosis, but seems to depend on other factors in order to have a causal
impact in the onset of psychotic symptoms
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Childhood trauma as a risk factor for psychosis

An association between trauma (sexual or physical abuse) and psychosis has been
suggested in several studies. Clinical studies have reported increased rates of child-
hood trauma among patients with a psychotic illness compared to the general
population [43, 44]. Furthermore, a study including 200 Community mental-health-
centre clients showed that in patients with a history of childhood abuse, hallucina-
tions were significantly more common compared to patients without a history of
childhood trauma. Similarly, another study reported that patients with a psychotic
diagnosis and with a history of childhood physical or sexual abuse, reported signifi-
cantly more severe positive symptoms of schizophrenia [43, 45] and hallucinations
[46, 47] but not delusions or negative symptoms compared to psychotic patients
without exposure to childhood trauma.

In the general population, a relationship between early life traumatic experiences
and development of psychotic symptoms later in life has also been noted. [48, 49].
For example, subjects in a large general population sample, who reported experi-
encing abuse frequently during childhood, had an estimated 30 times greater
chance of developing psychosis compared to those who did not report childhood
abuse. Less frequent abuse was associated with an estimated five times greater risk
of developing psychosis compared to those without any exposure to childhood
abuse [50]. In another non patient sample, it was shown that the 70 % of the per-
sons who reported hearing voices had first experienced hallucinations following a
traumatic event [51] . A dose response relationship between trauma and psychotic
symptoms has also been found with greater exposure to trauma being associated
with progressively greater risk for psychotic symptoms [21, 52—-54]. Also peer vic-
timization in early childhood was shown to be associated with psychotic symptoms,
with more severe victimization being associated with a greater risk [55]. A very
recent study by Arsenault and colleagues showed that children who experienced
maltreatment by an adult or peer victimization had more risk of developing psy-
chotic symptoms than those children who had not experiences these traumas.
When children were exposed to these traumas early in life, the risk of developing
psychotic symptoms was higher than those who had been exposed to mal-
treatment later in life [56].

Thus, both cannabis use and childhood trauma have consistently been found to be
associated with psychosis risk. The pathway, by which both environmental factors
may lead to adult psychotic illness, however remains poorly understood and is in
urgent need of further investigation.
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Cultural aspects of psychosis

Few studies have investigated the incidence of psychotic disorders in non-western
or developing countries [57]. A possible explanation for this is that good quality
medical infra structure is absent in non developed countries. Also, a substantial
proportion of patients with psychosis is known to seek treatment in alternative
services, in which methods based on non-biomedical beliefs or other pathways of
care are commonly applied [58, 59]. A study conducted in Malaysia showed that the
majority of patients with psychiatric complaints consulted traditional healers (73 %)
[60]. Thus, in non-western countries, the prevalence rates of psychotic disorder may
often be underestimated [61]. Studies investigating psychosis rates among ethnic
minorities in western societies, however, systematically showed increased incidence
rates among migrant and minority ethnic populations [62, 63]. The incidence of
psychosis, for example, was found to be significantly higher in African-Caribbean
and Black African groups living in the UK than in the White British population [64,
65]. Also in the Netherlands, incidence of psychotic disorder was found to be higher
among ethnic minorities (non native Dutch people). Here it was found that the
variation in the incidence of psychosis in the different minority groups varied by
degree of perceived discrimination: the more intense the perceived discrimination,
the higher the incidence of psychotic disorders in that group compared to the other
minority groups. [66]. Clearly, more information on the prevalence of psychotic
symptoms in non-western societies and ethnic minority is needed, as well as the
role of culture specific environmental factors that moderate the risk for psychosis.

Adolescence

The onset of psychotic disorders occurs typically early in adult life. Studies on the
onset of the disease consistently show an increase in the incidence and prevalence
of the disorder from the age of 15 onwards [67] whereas an onset before the age of
12 years rarely occurs. Age of onset differs between sexes, with a peak incidence in
men between 10 and 25 years and in women 25 and 35 years [68]. Similarly, the
more broadly defined psychosis phenotype, psychotic experiences, is much more
common in young people and declines with age [11, 69]. Adolescence is also a pe-
riod during which young people start experimenting with drugs such as cannabis.
There is evidence to suggest that an early onset of cannabis use increases the risk of
using cannabis more frequently and for longer periods of time, as well as using
drugs other than cannabis later in life [70]. In a mid-secondary school where adoles-
cents were followed for 10 years, it was found that the heavier the use of cannabis
and the earlier the onset, the higher the risk of developing drug related problems,
delinquency and juvenile offending, school dropout and difficulties in interpersonal
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relationships at age 24 years [70-72]. With respect to psychosis, there are two stud-
ies showing that early exposure to cannabis (before the age of 15 years) increases
the risk of developing psychotic symptoms or psychotic illness later in life [73, 74]

Adolescence and early adulthood, thus seem to be a critical developmental period
in which exposure to toxic substances, such as cannabis, may be more detrimental
than exposure during later adult life. Pharmacological and gene knock-out studies
have demonstrated that the central effects of THC are mediated via partial agonism
at cannabinoid 1 (CB1) receptors, the primary binding site of endogenous cannabi-
noids [75]. Experimental studies on animals have shown that the CB1 receptor bind-
ing reaches maximum values around puberty. In humans, this progressive increase
in CB1 receptor binding potential has been shown in several brain regions as well
[76]. This progressive increase of CB1 receptor binding potential may thus reflect
the final manifestation of complete functional maturity of the endocannabinoid
system. Given that the endocannabinoid system acts in close interaction with the
dopamine system, and dysregulation of the dopamine system has been suggested
as playing an import role in the development of psychotic symptoms; cannabis ex-
posure during adolescence specifically may increase the risk of developing psychosis
later in life.

Aims of the thesis

The overall aim of the thesis was to investigate the association between cannabis
and psychiatric diseases, mainly psychosis, and to test whether an association be-
tween cannabis and psychosis is also present in a non-western society. This thesis
furthermore aimed at exploring whether early traumatic experiences moderate the
long-term psychosis inducing effects of cannabis use later in life in population based
samples.

Chapter Il provides a review on substance use during adolescence and discusses
patterns of substance use in the Caribbean area. In addition, the prevalence of alco-
hol and cannabis use during adolescence was investigated including different school
systems in Trinidad. Chapter lll describes a series of case-studies on cannabis using
psychiatric patients in Trinidad, in order further to investigate patters of clinical
presentations of affective and psychotic symptoms as well as suicidal ideation in
relation to cannabis use. Chapter IV discusses the reliability and validity of the
Community Assessment of Psychic Experiences (CAPE42), an instrument to assess
psychotic experiences in general. In chapter V the CAPE was then used to investi-
gate the association between adolescent exposure to cannabis and the risk of de-
veloping psychosis in a sample of school students in Trinidad. In chapter VI, interac-
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tion between childhood trauma and cannabis was investigated in two independent
population-based samples to establish whether early traumatic experiences moder-
ate the long-term psychosis inducing effects of cannabis use later in life. The final
chapter provides a summary and discusses the main findings presented in this the-
sis.
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Abstract

Substance use is a worldwide problem with increasing use among children and ado-
lescents in the school systems. This study investigated the lifetime and current use
of cannabis and alcohol in two contrasting school systems in Trinidad: Government
Secondary Schools (GSS) and Servol Vocational Schools (SVS). A questionnaire was
administered to 468 students (age 12-23 years) at three grammar-styled schools
and two vocational schools in north, central and south Trinidad. Demographic data
was collected on age, gender, family structure, religion, and peer -group effect.
Twenty-eight percent reported lifetime cannabis use and sixty-one percent lifetime
exposure to alcohol. Current rates of cannabis use was almost four and a half times
more common among vocational school students. Both alcohol and cannabis was
more commonly used by males in both school systems (95% Cl 43.6 — 56.4, p =
0.004). The age of onset of cannabis and alcohol use was statistically lower in gov-
ernment-assisted school students (T 2.36, df 95, p < 0.05, T 5.06, df 253, p <0.001
and T 3.07, df 118, p <0.01 respectively). Cannabis use was positively correlated
with peer group usage, increased with age, and positively correlated with a non-
intact family (X2 = 7.451, df = 1, p = 0.006). Alcohol and cannabis were more preva-
lent in vocational school systems, where cannabis was excessively used. Important
contributory factors were family dysfunction, gender, age, and peer pressure. It is
imperative that the Ministry of Education be sensitized about this growing problem
and appropriate educational and preventative programs instituted.
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Introduction

Substance abuse, especially tobacco, alcohol, and cannabis is becoming more preva-
lent among adolescents. Internationally, the pattern is changing among youths, with
an increasing use of cannabis (1) and alcohol (2,3). Lifestyle changes associated with
the use of these recreational drugs have resulted in more social problems (4) and
criminal violence (5). In addition, recent reports have linked cannabis use with poor
performance at school and the risk of using other illicit drugs (6). Alcohol and can-
nabis use have been implicated as trigger factors in precipitating anxiety states,
mood disorders, and suicidal behaviour (7-9).

The rates of cannabis use among adolescents who have used this substance at
least once in their lifetime range from 32.5% to 43.0% (10,11). The lifetime inci-
dence ranges from 3.5% to 8% cannabis use to 2.2% to 7% cannabis dependency
(12,13). The incidence rates of alcohol, tobacco, and cannabis use were even higher
in youths with disabilities (14), who reported signifi-cantly more exposure to risk
factors and fewer protective factors (15). Studies in developing countries have also
reported high rates of cannabis use with a prevalence of 17% among male students
and 8% among girls in the Seychelles (16) and 3.4% in Nigeria (17). The pattern is
changing worldwide, with more frequent use of cannabis (10) and earlier onset of
use. The age of initial use has decreased to a mean of 12 years (18). Contributory
factors associated with cannabis use were identified as peer pressure, negative
family atmosphere, school difficulties, co-morbid psychopathology, and male gen-
der (19,20).

The prevalence rates of the current use of alcohol among adolescents ranges
from 14.5% (17) to 47.5% (21). In many developed countries, high rates of alcohol
use has been reported among adolescents, with a rate of 71% in Portugal (22). In an
eight year study among adolescents the Baltic states, increased rates of weekly
point prevalence drinking were found, with 25 % of the boys drinking weekly (23). In
London 32% of 14-16 year-old schoolchildren reported at least one episode of ex-
cessive drinking, defined as the consumption of 10 or more units of alcohol per
drinking occasion (24). Factors associated with the consumption of alcohol were
similar to those found in studies of adolescent cannabis use, namely peer norms,
peer relationships, school difficulties, family history of alcohol use, and use of alco-
hol by parents. In addition, positive associations with were found male gender
(19,22,25). A high co-morbidity with cigarette smoking was seen in schoolchildren
and students (24,26).

Increasing rates of alcohol and cannabis use among adolescents have also been
reported in Caribbean countries. Over a period of 15 years, a threefold increase
from 8% in the rates of cannabis use has been observed in Trinidad (27-29). The use
of drugs in Trinidad was related to traditional values, low self esteem, and low edu-
cational expectations (30). A survey of secondary school students between the ages
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of 12—18 years in Jamaica revealed that 60.7% of 394 students tested admitted to
the use of one or more drugs (31). Alcohol was the most commonly used drug, with
50.2% of females having tried a psychoactive drug compared with 63% of the males.

Gordon (32) and Sharma (33) surveyed students in secondary schools in urban
Jamaica almost two decades later and reported increased use, with alcohol remain-
ing the most popular drug. Twenty percent of the students surveyed believed there
was no risk in taking drugs and half of the students who took drugs had initiated
drug use before the age of 10 years. According to Douglas (34), between 1987 and
1997, the use of marijuana significantly increased overall from 19.8% to 26.9% for
lifetime use and 4.15% to 7.7% for current use. Mari-juana use represented 80.0%
of illicit drug use. Again in Jamaica, prevalence rates of 50.2% for alcohol and 16.6%
for tobacco were reported (35), with higher prevalence among male students, urban
students, and children of professionals.

The aims of the present study were to investigate patterns of lifetime preva-
lence and current use of drug exposure in two contrasting school systems in Trini-
dad, one system being Servol, which has mainly disability students, and to deter-
mine possible contributory factors.

Methods

Trinidad and Tobago are twin islands located in the southern Caribbean Sea, just off
the coast of Venezuela. The islands have a population of 1.3 million, 49.9% females
and 50.1% males. The ethnic composition is 40.3% Indo-Trinidadian, 39.6% Afro-
Trinidadian, 18.4% mixed, and 1.7% others (CSO 2004).

In Trinidad and Tobago, the school system comprises either a grammar-styled
or a vocational school system. Schools in the former are government or govern-
ment-assisted schools (GAS), both at the primary and the secondary levels. At the
secondary level, the schools are classified as government secondary, assisted sec-
ondary, junior secondary, senior comprehensive, and composite schools. The gov-
ernment-assisted secondary schools, which are managed by denominational boards,
are generally considered the more prestigious schools, whereas the others are cate-
gorized as non-prestigious schools. In 2001, 111,781 students were enrolled in the
secondary level schools; with 22,251 in government-assisted secondary schools
(36).

Several vocational training centers are located in Trinidad and Tobago; the best
known of these centers is SERVOL. The SERVOL schools were established in 1974 in
Trinidad and Tobago in an effort to address dropouts from the grammar-styled
school and those so disadvantaged due to poor performance. SERVOL has a popula-
tion of approximately 5,000 students, with ages ranging from 13 to 20 years. Many
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of these students come from disadvantaged homes and abusive situations, some
have learning disabilities, and others may have psychiatric pathology.

Two SERVOL schools (SVS) in north and central Trinidad were randomly as-
signed and visited. . Three vocational schools in north and central Trinidad were also
included in this study. The schoolchildren were randomly selected in these different
schools and their ages ranged from 12 to 23 years. The students who volunteered
were asked to fill in a 15 item questionnaire under the supervision of their teachers.

Statistical analyses

All data were analyzed using the of SPSS (Statistical Package for the Social Sciences,
Version 11.0). The independent samples T test and the Levene’s Test for Equality of
Variances were done to compare whether the different means of both groups were
equal to each other.

Results

Of the 472 students participating in this study, 45.3% were male (n = 214) and 53.8
% (n = 254) female. Four students were omitted from this study because of in-
sufficient information (0.8%) (see table 1). The mean age of this population was
16.05 years with a standard deviation of 1.94 and a mean of 16.0 years (range 12—
23 years). The majority of children (38.6 %, n = 182) were of African descent, 25.2 %
(n =119) of Indo-Trinidadian origin and 27.3 % (n = 129) of mixed origin. One person
was mentioned as white (0,2 %) and 41 children (8.7 %) could not specify their de-
scent.

Demographics vocational schools

One hundred and forty seven students (147) from two vocational schools in North
and Central Trinidad were interviewed by means of a 15-item questionnaire (see
table 1). Of this cohort 68.3 % (n = 99) were males, 31.7 % (n =46) females. The
mean age was 17.4 years (SD 1.44, median 17.0 years, range 14-23 years). The ma-
jority of children were of African-Trinidadian descent, 51.2% (n = 76) and only a
minority (n = 11, 7.5%) of Indian-Trinidadian descent. Most of them (n = 84, 57.1%)
were living in a non-intact family, defined here as living with only one parent, living
with family members, living with step family and some living on their own. The ma-
jority belonged to the Roman Catholic religion (n = 34, 23.1%) or were Pentecostal
(n=25,17.0%).
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Table 1: Demographics vocational schools and government-assisted schools in Trinidad

Vocational schools Government assisted
Mean age (SD) 17.4y (1.44) 15.4y(1.82)
Median (range) 17.0y (14-23) 16.0y (12-19)
No. % No. %

Boys 99 67.3 115 354
Girls 46 31.3 208 64.0
African descent 76 51.2 106 32.6
Indian descent 11 7.5 108 33.2
Other/mixed 32 21.8 98 30.2
Family: intact 41 27.9 192 59.1

not intact 84 57.1 131 40.3
Roman Catholic 34 23.1 57 17.5
Muslim 13 8.8 18 5.5
Hindu 3 2.0 70 21.5
Pentecostal 25 17.0 65 20.0
Presbyterian 2 14 13 4.0
Jehova’s 3 2.0 11 3.4
Baptist 9 6.1 34 10.5
Anglican 9 6.1 18 5.5
Other 13 6.5 37 11.4
TOTAL 147 325

Demographics government-assigned schools

A total of 325 students completed the questionnaire in the Government assigned
schools of Central and South Trinidad. Among this group 64.6% (n = 208) were fe-
male and 35,4% (n = 115) male (see table 1). The mean age was 15.4 years with a
standard deviation of 1.82, median age of 16 years and a range from 12 to 19 years.
32.6% (n = 106) were of African-Trinidadian descent, 33.2% (n = 108) of Indian-
Trinidadian origin and 30.1 % (n = 98) of other and mixed origin. Most of the stu-
dents from this school came from an intact family (n = 192, 59.1%). Hindu (n = 70,
21.5%), Pentecostal (n = 65, 20.0%) and Roman Catholic (n = 57, 17.5%) were the
most common religions.

Life time cannabis and alcohol use

The lifetime prevalence of cannabis use was found to be 31.7% (n = 40) in the voca-
tional schools (see table 2 and figure 1). The life time cannabis use in vocational
schools was higher than the schoolchildren, who ever used cannabis in the other
schools (n = 84, 26,2%) This was not a statistically difference (19%, 95% ClI 19,5 -
38,5, p = 0,06). There was no significant difference in lifetime alcohol use between
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the GAS and SVS (n = 78, 61,9% and n = 196, 61,1% respectively, 61,5% , 95% Cl =
51,4-71,6,p=0,09).

Current cannabis and alcohol use

The current use of cannabis was significantly more prevalent with 4.4 times greater
in vocational schools than in the GAS and as many as 28 schoolchildren of vocational
schools reported using cannabis versus 17 children in the other schools. There was
no significant difference in current alcohol use between the students of vocational
schools or government schools (see table 2 and figure 2)

Table 2: Substance use in different school systems in Trinidad.

Substance use Vocational schools Government assisted
N % N %
Past 126 - 321 -
cannibis 40 31.7 84 26.2
alcohol 78 61.9 196 61.1
Present 120 - 319 -
cannibis 28 233 17 5.3
alcohol 25 20.8 65 20.4
First age of use N Age £SD N Age £SD
cannibis 50 13.8+2.29 45 12.69+2.28 t5.06 df 253 p <0.001
alcohol 74 13.66£2.5 181 11.3+£3.32 2.36 df 93 p<0.05
cigarettes 42 13.5+2.66 76 11.84+3.05 t3.07 df 116 p<0.01
other drugs 9 14.44 +£2.92 15 13.93+1.87 t0.47 df 22 p>0.01

cannabis acohol

. vocational schools
B govemment assisted schools

Figure 1: Life time cannabis and alcohol use
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cannabis dcohol

. vocational schools
B government assisted schools

Figure 2: Current cannabis and alcohol use

Substance use and gender

With respect to gender differences among these schools (see figure 3) there was a
predominance of male students using alcohol and cannabis in both schools (50.0%,
95% Cl 43.6 - 56.4, p = 0.004).

Substance use and age

Analysis of the ages of onset of different drug use in the two school systems with
the independent Sample T-Test showed that the age of onset of alcohol consump-
tion and cannabis use were statistically different (see table 2). The age of onset of
alcohol use in non-vocational schools was significantly lower compared to age of
onset in vocational students (T 5.06, df 253, p < 0.001). Also students of government
assisted schools started to use cannabis at an earlier age than the other students (T
2.36, df 95 p<0.01).

Age and present use of cannabis and alcohol was calculated and a trend of in-
crease use over age was seen for cannabis. Use of alcohol was more or less stable
over the different ages (see figure 4).
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Figure 3: Gender differences in cannabis and alcohol life time and present use in the two different school
systems

Vocational schools: canpasvoc - past use cannabis; canpresvoc - present use cannabis; alcpasvoc - past
use alcohol; alcpresvoc - present use alcohol; Government schools:canpasgov - past use cannabis; can-
presgov - present use cannabis; alcpasgov - past use alcohol; alcpresgov - present use alcohol

Table 3: Present use of cannabis and use of cannabis among friends

How many friends are using? Cannabis use in schools
Vocational Government assisted
Present users Non-users Present users Non-users

None 1 20 19 72
1-2 4 10 13
3-4 1 5 2
more than 4 16 23 46 17
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Figure 4: Percentage of cannabis and alcohol use in both school systems in the different ages
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Substance use among peer groups

Response on the questionnaire to “how many of your friends were also using drugs”
indicated that cannabis use was seen with more frequent use by friends. Students
who did not use any drugs also had many friends who did not use at all also (see
table 3). The students in the vocational schools who were non users were con-
fronted with many friends using cannabis. Students in vocational schools who were
using cannabis were shown to have less contact with students who were NOT using
cannabis (4.1, 95% Cl 1.0 - 7.1, p = 0.05). This situation was also found in Govern-
ment Assisted schools and this difference was statistically significant (37.5, 95% ClI
26.9 - 48.0, p < 0.001). Sixteen (94.1%) students in government schools said they
had more than one friend using cannabis compared with students (58.3%) in voca-
tional schools. This difference was almost statistically different (13.0, 95% Cl 9.9 -
16.0, p = 0.05). Sixty-one (76.3%) students in government schools who used canna-
bis said they had at least one friend who used cannabis. Of the 104 governmental
students who never used cannabis, 32 (30.8%) said they had friends using cannabis.
This was statistically significant (42.9, 95 % Cl 32.6 - 53.2, p < 0.001).

Table 4: Cannabis use and none use in different family systems

Cannabis Family status

Use Intact Not intact Statistics

Present 24 47 X’ =7,451, df = 1.
P = 0,006

None 91 41 X*=39,035, df = 1.
P < 0,001

Substance use and family structure

When ‘use of cannabis’ and ‘non use’ was measured in two different types of fami-
lies, statistically significance differences were seen between cannabis use and a non
intact family and no use of drugs at all and living in an intact family (table 4). [num-
bers are in table 4]

Discussion

Students of three government high schools (n = 323) and two vocational schools (n
= 145) participated in this study in Trinidad. The students were questioned about
their cannabis and alcohol use. Analysis of the demographic data of the two school
types showed a slight gender difference between the schools with 68.3% (n = 99)
boys in the two vocational schools and 35.4% (n = 115) males in the government
schools. Differences in age were also seen between these two school types. A total
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of 325 students completed the questionnaire in the government-assigned schools,
with a mean age of 15.4 years (SD 1.82, median age of 16 years, range 12—19 years)
and 145 students filled in the questionnaire to age in the vocational schools (mean
age 17.4 years (SD 1.44, median 17.0 years, range 14-23 years). The mean age of
students in the vocational schools was higher than that of students of the govern-
ment schools. Another difference in demographic data was ethnicity; most students
in the vocational schools were of African-Trinidadian descent in contrast with the
government schools in which the majority were of Indian-Trinidadian descent
(30.1%). Most students of the vocational schools (57.1 %, n = 84) were living in a
non-intact family, whereas most government assigned school students were living
with an intact family (59.1 %, n = 192).

The use of alcohol in the past and present was high in both school types. Life-
time alcohol use was around 60% in both school types, and current alcohol use was
around 20% in both school types. Both parameters showed no statistically signifi-
cance differences between the school types (61.5%, 95% Cl = 51.4 - 71.6 , p = 0.09
for life time alcohol use and 20.6%, 95% Cl 12.1 - 29.1, p > 0.05 for current alcohol
use. These rates are high, but comparable with world literature. These studies show
a wide range in rates of lifetime, about 50% to 60% (37,38) and about 20% (39) and
17.9% (40) in current alcohol use.

Cannabis use in the past was very common in both school systems. About one
third of the students had ever used cannabis (31.7%, n = 40 in the vocational
schools versus 26.2%, n = 84 in the government assisted schools, 19%, 95% Cl 19.5 -
38.5, p = 0.06). Current cannabis use was more than four times more often reported
in vocational school students (23.3%, n = 28 versus 5.3% , n = 17), which was statis-
tically significant (14.3%, 95% Cl 6.3 - 22.3, p = 0.002). Possible explanations for this
difference could lie in the older age of children visiting vocational schools, presence
of more family problems, and possible psychiatric problems among their students,
because vocational schools accept students who fail in the other schools, who fail
on “common entrance”, and many of these students come from disadvantaged
homes and abusive situations. These factors can be risk factors in increasing drug
use. Many of these vocational schoolchildren come from non-intact families, with
parenting by single parents and family members. Cannabis use in these social situa-
tions showed a significant increase among non intact family homes (X2 = 7.451, df =
1, p = 0.006). This relationship between growing up in a single parent family and
more commonly use of cannabis is supported in another study by Rey (39), who
found that cannabis use increased rapidly with age and was more common in ado-
lescents living with a sole parent.

When the age of onset of cannabis and alcohol use was analyzed, the results
showed a lower age of onset in the government assisted schools, which showed
statistical significance. An hypothesis for the later age of onset of cannabis use
among vocational school students and still higher prevalence of cannabis use could
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be that the vocational students start to use cannabis at a higher age (albeit still
young: 13.8 years, SD 2.29) and use it more and longer than do the other students
(see above; differences in age between different school systems. This may be a
possible confounder in the found results).

Different patterns of cannabis use can result in different psychiatric symptoms
and behavior (41). When the ages of cannabis use were analyzed, the results
showed that cannabis use seemed to increase with age.

When the possible influence of peer groups on drug use was analyzed, the re-
sults showed that use of cannabis was positively associated with the use of cannabis
by friends, these differences were almost significant (13.0, 95% Cl 9.9 - 16.0, p =
0.05). Such influence of the peer group on drug use among adolescents has been
discussed in the literature, and a recent study by van den Bree and Pickworth (42)
revealed three risk factors for adolescent cannabis use: own and peer involvement
with substances, delinquency, and school problems.

The present study has many limitations. The division of the school system into
two different systems is a global division and has certain limitations. There are many
differences in the two school systems we analyzed, like age (children in the voca-
tional schools a higher age) and social situation (more non-intact families in the
vocational students). The differences in gender between the two schools, with male
gender being more prominent in the vocational schools, may cause a bias, because
men are known to have a higher prevalence of drug use than do women. Addition-
ally, the higher age of the school students in the vocational schools may lead to a
bias. Cannabis use is known to increase with age, which may be an explanation for
the increased rate of cannabis use in the older vocational students. The vocational
schools that were visited were located in the more northern area of Trinidad, which
is more urban than the southern part of Trinidad, which is more rural. One of the
three government-assigned schools visited were located in the southern part. An-
other limitation was that much data were missing on the questions about drug use.
Not all the schoolchildren filled in these questions, maybe because of the presence
of teachers, while filling in, but still there were many data left, which were used (see
table 2) for analysis.

Despite these limitations, this study provided insight into cannabis and alcohol
use in schools in Trinidad. When the two school systems were compared, differ-
ences in alcohol and cannabis use was found. Alcohol and cannabis use is highly
prevalent in both systems, but present cannabis use was far more prevalent in the
vocational schools. More males were using cannabis when analyzed in both school
systems (50.0%, 95% Cl 43.6 - 56.4, p = 0.004). Several factors associated with drug
use were found—peer involve-ment, male gender, and age. Alcohol use was preva-
lent in both schools and at all ages, whereas cannabis use seemed to increase with
age. Alcohol and cannabis use was a common problem in Trinidad with high preva-
lence rates in both genders.
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Since alcohol and cannabis use is associated with psychic problems and behavior
problems, school teachers should be aware of this and government should support
and assist preventive programs for drug use in schools, while treatment for alcohol
and drugs addiction should be aimed at this young, specific population.
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Validity and reliability of the CAPE: a
self-report instrument for the measurement
of psychotic experiences in the general

population

Konings M, Bak M, Hanssen M, van Os J, Krabbendam L. Validity and
reliability of the CAPE: a self-report instrument for the measurement of
psychotic experiences in the general population.

Objective: General population longitudinal cohort studies have
demonstrated the prognostic validity of self-reported psychotic
experiences, but data on reliability and cross-validation with interview-
based measures of these experiences are sparse. This study tested the
reliability and validity of the Community Assessment of Psychic
Experiences (CAPE42).

Method: At baseline, the CAPE42 was used to measure the subclinical
psychosis phenotype in a general population sample (n = 765). At
follow-up (mean interval: 7.7 months), the Structured Interview for
Schizotypy, Revised (SIS-R), the Brief Psychiatric Rating Scale
(BPRS), and the CAPE42 were administered (n = 510).

Results: Baseline self-reported dimensions of psychosis were
specifically and independently associated with their equivalent
interview-based dimension at follow-up (standardized effect sizes of
0.4-0.5) and with their equivalent self-reported measure (standardized
effect sizes of 0.6-0.8).

Conclusion: The results indicate that self-reported dimensions of
psychotic experiences in general population samples appear to be
stable, reliable and valid.

Significant outcomes

e The CAPE has good reliability and validity.
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e As the application of self-report measures is cost-effective, this research method may be more
economical for the purpose of conducting research in the general population.
e Not only the positive psychotic experiences but also attenuated negative symptoms can be captured

with self-report.

Limitations

e The low response rate in the first sampling phase may introduce selection possibly affecting

generalizability.

e For psychometric reasons, the CAPE does not include a disorganization dimension.
o The finding that the CAPE has adequate reliability and validity does not mean that it can be used as
a screening tool for psychotic disorders, because the prevalence of self-reported experiences is much

higher than the prevalence of clinical disorder.
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Introduction

Many studies have shown that subclinical experi-
ences of psychosis occur as part of a continuous,
albeit skewed, distribution that shows only partial
overlap with clinical psychotic disorder (1-5). These
milder forms of expression of psychosis seem to be
quantitatively, rather than qualitatively, different
from the clinical disorder. Phenomenological con-
tinuity is suggested by studies showing that the
dimensions of the subclinical psychosis phenotype
closely resemble those that have been identified in
the clinical disorder. There is consistent evidence for
the existence of a positive and a negative dimension,
both in the clinical and the subclinical domain,
whereas evidence for a third dimension of disor-
ganization is more equivocal (6-10). In addition to
psychopathological resemblance, several studies
have shown that the clinical and non-clinical
phenotypes share risk factors and epidemiological
patterns of variation (11-17), providing further
evidence that the clinical and subclinical expres-
sions of psychosis form part of the same continuum.

Although the majority of individuals experien-
cing these lesser psychotic ‘symptoms’ are not in
need for care, they may nevertheless have an
increased risk of developing a clinical disorder (18—
20). Given that transitions over the continuum
occur, assessment of subthreshold psychotic symp-
toms in the general population is crucially import-
ant (21). Most studies investigating psychotic or
psychosis-like experiences in the general popula-
tion use self-report instruments, for example, the
Perceptual Aberration Scale (PAS) (22), the Schiz-
otypal Personality Questionnaire (SPQ) (23), the
Schizotypal Personality Scale (STA) (24) and the
Rust Inventory of Schizoid Cognitions (RISC)
(25). However, information about the reliability of
these instruments and cross-validation with inter-
view-based measures is sparse.

Aims of the study

The aims of the current study were i) to examine
the reliability and stability of a recently developed
self-report scale, the Community Assessment of
Psychic Experiences (CAPE; http://www.cape4?2.
homestead.com), and ii) cross-validate the CAPE
using interview-based measures.

Material and methods
Procedure and sample

The Continuum of Mental Disorders Study
(COMED study) (26) is a longitudinal family
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study in the general population in the city of
Sittard, the Netherlands. The COMED study
included two measurement points: T1 and T2. So
as to recruit a general population sample at T1,
subjects of the municipality of Sittard aged 36—
65 years were randomly selected from the munici-
pal register and sent a letter in which they were
asked to participate. The mailing frame comprised
2287 females and 2302 males. The subjects were
randomly selected from the gender strata ‘female’
and ‘male’ combined with the age strata 3645,
‘46-55" and ‘56-65 years of age. The response rate
was 8-10% in the different strata. In the next
sampling phase, a snowball sampling procedure
was used: the participants (i.e. index subjects who
had responded to the mail survey) were asked to
invite their family members (i.e. mother/father,
sister/brother, spouse, children, spouse’s family,
etc.) to take part in the study.

At T1, all participants filled in several self-report
questionnaires, including the CAPEs (see Instru-
ments) and a demographic questionnaire (see
Instruments). The CAPE assesses psychotic experi-
ences and has been shown to assess variation of
positive and negative dimensions of the subclinical
psychosis phenotype in the general population
(27). The subjects with a mean (i.e. between 40th
and 60th percentile) or a high (i.e. above 75th
percentile) score on the CAPE positive psychosis
dimension and their relatives were asked to parti-
cipate in the second measurement. This strategy
was aimed at oversampling of individuals with
higher levels of psychosis, thus increasing statistical
power, while at the same time ensuring that the
sample included sufficient individuals with ‘aver-
age’ levels of the subclinical psychosis phenotype so
as to have sufficient variation along a hypothesized
continuum of psychosis. At T2, trained psycholo-
gists administered a 2-hour interview at the home
of the subject, including the Structured Interview
for Schizotypy, Revised (SIS-R; see Instruments),
the CAPE and the Brief Psychiatric Rating Scale
(BPRS). The mean period between T1 and T2 was
7.7 months (SD 4.8 months; range 1-26 months).
The total general population sample at T1 com-
prised 768 subjects pertaining to 116 families, aged
17-77 years, 765 of whom filled in the CAPE at T1.
Taking into consideration every possible family
relationship between subjects, 61.0% of the sample
were first-degree relatives, 18.2% second-degree,
6.6% third-degree, and 0.4% were fourth-degree
relatives; 13.8% of the participating subjects were
married to each other or were partners. At T2, 510
subjects completed the CAPE, 497 subjects were
interviewed with the SIS-R and 495 subjects were
interviewed with the BPRS.



Instruments

The CAPE was developed so as to rate self-reports
of lifetime psychotic experiences in the affective
and non-affective domains. Items are modelled on
patient experiences as contained in the PSE-9 (28)
and the schedules assessing negative symptoms
such as the SANS (29) and the SENS (30). The
CAPE measures, on a dimensional scale, frequency
of as well as distress associated with these experi-
ences. The frequency score is measured on a four-
point scale from ‘never (1)’, ‘sometimes (2)’, ‘often
(3)’ to ‘nearly always (4)’. The degree of distress
associated with the experience is also measured on
a four-point scale with labels ranging from ‘not
distressed (1), ‘a bit distressed (2)’, ‘quite distressed
(3) to ‘very distressed (4). The CAPE includes
dimensions of positive psychotic experiences, neg-
ative psychotic experiences and depressive experi-
ences. Measures of hypomania and disorganization
were not included in the CAPE, given the fact that
these may not be reliably measured by self-report
in the general population.

Previous research with the CAPE has shown i) a
three-factor structure of positive, negative and
depressive dimensions in a large and representative
sample of young men (27) and in a large sample of
undergraduate female students (31), and ii) dis-
criminative validity across groups of individuals
with schizophrenia, affective and anxiety disorders
and individuals from the general population (32).
The final version 42-item instrument is mainly
based on the 2l-item Peters et al. Delusions
Inventory (PDI-21) (1). Furthermore, two items
on auditory hallucinations, 14 negative and eight
depressive symptom items were added. For a
detailed description of the development of the
CAPE, we refer to previous work (27, 32). The
CAPE positive, negative and depressive dimen-
sions encompass 20, 14 and 8 items respectively.

The CAPE provides a total score per dimension
by adding up the scores on the frequency question.
So as to account for partial non-response, CAPE
scores were weighted for the number of valid
answers per dimension (weighted scores), and
weighted CAPE scores expressed as units standard
deviation (standardized scores) conform with pre-
vious publications (27, 32).

The SIS was originally developed by Kendler
et al. (33). Vollema and Ormel (34) translated the
SIS into Dutch and revised the SIS by improving
and standardizing the rating procedures, thus
creating the SIS-Revised (SIS-R). The instrument
is designed to measure the symptoms and signs
comprising the three dimensions of the subclinical
psychosis phenotype. Items can be scored on a
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four-point scale from absent (score 0) to severe
(score 3). Positive schizotypy (PS) covers the
symptoms referential thinking, magical ideation,
illusions and suspiciousness (six items in total).
Negative schizotypy (NS) contains the symptoms
social isolation, social anxiety, introversion,
restricted affect, referential thinking and suspi-
ciousness (eight items in total).

The BPRS (35) was used to also allow a
comparison with a clinical, symptom-based meas-
ure. The BPRS time frame used in the COMED
study was the past four weeks. BPRS ratings of 2-3
indicate non-pathological experiences and ratings
of 4-7 parallel pathological experiences (35). The
BPRS positive score was composed of the follow-
ing four items: suspiciousness, unusual thought
content, delusions and hallucinations (score range
4-28). The BPRS negative score comprised the
items flattened affect and self-neglect (score range
2-14).

Analyses

All analyses were carried out with STATA VERSION 8
(36). First, so as to examine reliability and stability
of the CAPE dimensions, linear regression analyses
were performed in which the associations between
the corresponding CAPE dimensions of T1 and T2
were expressed as the standardized regression
coefficients. Robust estimates of variance were
used, which allows for observations that are not
independent across groups (i.e. families). Also,
intra-class correlation coefficients were calculated
between the corresponding CAPE dimensions of
T1 and T2 using the stata LoNEwAY command.
Second, so as to examine associations between
dimensions of the CAPE at T1 on the one hand
and the SIS-R and BPRS at T2 on the other, linear
regression analyses were performed in which the
associations between the positive and the negative
dimensions of the CAPE at T1 and the positive and
the negative dimensions of the SIS-R and BPRS at
T2 were expressed as the standardized regression
coefficients. The T1 rather than the T2 measure-
ment of the CAPE was used for this analysis, so as
to avoid spuriously high associations that may be
induced by administering the different scales
immediately after each other (correlation by meas-
urement occasion). Again, robust estimates of
variance were used. So as to test whether the
coefficients of these associations differed from each
other, multivariate multiple regression analysis was
carried out (stata MVReG procedure). Multivariate
multiple regression differs from ordinary multiple
regression in that several dependent variables (in
this case SIS-R positive and negative dimension
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scores and BPRS positive and negative scores) are
jointly regressed on the same independent variables
(in this case CAPE positive and negative dimension
scores). The advantage of using multivariate mul-
tiple regression analysis is that the between-equa-
tion covariances are estimated, so that coefficients
across equations can be tested with the Wald test.
For example, this procedure allowed us to directly
test the hypothesis that the coefficient of the
regression of the SIS-R negative dimension on
the CAPE negative dimension was significantly
greater than the coefficient of the regression of the
SIS-R negative dimension on the CAPE positive
dimension.

So as to examine dose-response relationships
between the CAPE dimensions at T1 and T2, and
between the CAPE dimensions at T1 and the SIS-R
and BPRS dimensions at T2, the sample was
divided into three groups according to their tertile
group level on the continuous CAPE positive and
negative dimension scores at T1.

Results
Sample characteristics at T2

The sample of 510 individuals at T2 comprised
more women than men: 59.4% and 40.6% respect-
ively. The mean age was 47.3 years (SD 12.0),
ranging 18-77 years. Most subjects (71.3%) were
married; 14% had an educational level of primary
and lower technical/vocational education, 42%
had a medium level of education and 43% had a
high level of education. Three percent admitted to
current use of drugs (range: 0-6 drugs used).
Psychological complaints were reported lifetime by
44.8% of the sample, conform recent epidemiolog-
ical investigations in the Netherlands, which repor-
ted a 40% lifetime prevalence of psychiatric
disorders (37). Depressed mood, nervous exhaus-
tion and anxiety were the most commonly reported
psychological complaints. The means of the weigh-
ted positive (PSY), negative (NEG) and depressive
(DEP) dimensions of the CAPE, before standard-
ization, were, at T1 1.4 (SD = 0.25), 1.6 (SD =
0.38) and 1.7 (SD = 0.42) respectively, and at T2,
1.2 (SD = 0.18), 1.6 (SD = 0.34) and 1.6 (SD =
0.35) respectively. Participants scored a mean of,
respectively, 2.2 (SD = 2.2, range of 0-14 for six
items) and 2.9 (SD = 2.8, range of 0-17 for eight
items) on the positive (PS) and negative (NS)
dimensions of the SIS-R. The sample mean BPRS
score were 4.4 (SD = 1.1, score range 4-16 for four
items) and 2.1 (SD = 0.40, score range 2—6 for two
items) for the positive and negative dimension
respectively. The BPRS scores were markedly
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Table 1. Associations between the CAPE dimensions at T1 and the corresponding
CAPE dimensions at T2

B t P
CAPE positive dimension 071 8.08 0.000
CAPE negative dimension 0.78 19.43 0.000
CAPE depressive dimension 0.76 15.36 0.000

CAPE, Community Assessment of Psychic Experiences.

skewed: 19.9% of the sample had a score higher
than 1 on one or more of the BPRS positive items
and 5.7% on one or more of the negative items.

Reliability of CAPE dimensions

The positive dimension of the CAPE at T1 was
strongly associated with the positive dimension of
the CAPE at T2 (see Table 1). Similarly, the
negative dimension at T1 was strongly associated
with the negative dimension at T2, and the
depressive dimension of the CAPE at T1 was
strongly associated with its corresponding dimen-
sion at T2. The intraclass-correlation coefficient for
the CAPE positive dimension at T1 and T2 was
0.63 (95% CI 0.43, 0.83). For the CAPE negative
dimension the intra-class correlation coefficient
was 0.64 (95% CI 0.47, 0.81). For the CAPE
depressive dimension the intra-class correlation
coefficient was 0.62 (95% CI 0.40, 0.85).

Cross-validation of CAPE dimensions

There was a significant and moderately strong
association between the positive dimension of the
CAPE at T1 and the positive dimension of the SIS-
R at T2 (B= 0.52, t =8.48, P =0.000). The
strength of the association increased with increas-
ing levels of CAPE positive dimension scores as
indicated by the summary coefficient over three
tertile levels of the CAPE positive dimension
(linear trend, f = 0.40, t = 7.93, P = 0.000). The
association was only slightly reduced when the
CAPE positive and negative dimensions were
entered simultaneously in the equation (Table 2).
The association between the negative dimension of
the CAPE and the positive dimension of the SIS-R
was much weaker and not statistically significant
(Table 2). The association between the positive
dimension of the SIS-R and its corresponding
dimension of the CAPE was significantly stronger
than its association with the CAPE negative
dimension (F(1,488) = 35.0, P = 0.000).

There was a significant and moderately strong
association between the negative dimension of the
CAPE at Tl and the negative dimension of
the SIS-R at T2 (B = 0.50, = 9.19, P = 0.000).



Table 2. Associations between the CAPE dimensions at T1 and the corresponding
SIS-R and BPRS dimensions at T2 with the effect sizes for both CAPE dimensions
adjusted for each other

B t P

SIS-R positive dimension

CAPE positive dimension 0.49 7.83 0.000

CAPE negative dimension 0.07 1.46 0.145
SIS-R negative dimension

CAPE positive dimension 0.18 7.89 0.003

CAPE negative dimension 042 3.03 0.000
BPRS positive dimension

CAPE positive dimension 021 259 0.010

CAPE negative dimension 0.14 1.95 0.051
BPRS negative dimension

CAPE positive dimension —-0.04 —-0.63 0.529

CAPE negative dimension 021 256 0.01

CAPE, Community Assessment of Psychic Experiences; SIS-R, Structured Interview
for Schizotypy, Revised; BPRS, Brief Psychiatric Rating Scale.

The strength of the association increased with
increasing levels of CAPE negative dimension
scores (linear trend, B =0.32, 1=345 P=
0.000). In the model with both the positive and
the negative dimension of the CAPE, the associ-
ation with the negative dimension of the CAPE
was only slightly reduced and there was a much less
strong association with the positive dimension of
the CAPE (Table 2). The association between the
negative dimension of the SIS-R and its corres-
ponding dimension of the CAPE was significantly
stronger than its association with the CAPE
positive dimension (F(1,488) = 8.67, P = 0.003).

The CAPE positive dimension at T1 was signi-
ficantly associated with the BPRS positive dimen-
sion at T2 (B = 0.27, ¢t = 3.54, P = 0.000). The
strength of the association increased with increas-
ing levels of CAPE positive dimension scores
(linear trend, B = 0.19, t = 3.45, P = 0.000). The
joint regression analysis of the positive dimension
of the BPRS on the positive and negative dimen-
sion of the CAPE yielded a significant association
with the positive dimension of the CAPE, which
was stronger than the association with the negative
dimension of the CAPE (Table 2), although not
significantly so (F(1,487) = 2.1, P = 0.15).

The CAPE negative dimension at T1 was signi-
ficantly associated with the BPRS negative dimen-
sion at T2 (B = 0.19, ¢t =2.76, P = 0.006). The
strength of the association increased with increas-
ing levels of CAPE negative dimension scores
(linear trend, B =0.15, ¢=2.74, P = 0.006).
When both dimensions of the CAPE were entered
simultaneously in the model, the negative dimen-
sion of the BPRS remained significantly associated
with the negative dimension of the CAPE and this
coefficient was significantly greater than the

Validity and reliability of the CAPE

coefficient of the positive dimension of the CAPE
(Table 2) (F(1,487) = 7.36, P = 0.007).

Discussion

Baseline self-reported positive and negative dimen-
sions of psychosis were specifically and in a dose—
response fashion associated with the interview-
based positive and negative dimensions at follow-
up. The standardized effect sizes were between 0.4
and 0.5 for the associations with the SIS-R
dimensions and slightly lower (around 0.2) but
still statistically precise for the associations with
the BPRS dimensions. The effect sizes for the
internal stability were high (0.6-0.8), indicating
that self-reported dimensions of subthreshold psy-
chotic experiences at baseline were strongly asso-
ciated with the same dimensions at follow-up. This
implicates good validity and reliability of the
CAPE. As the application of self-report measures
is cost-effective, this research method may be more
economical for the purpose of conducting research
in the general population.

The effect sizes of the associations between the
CAPE and the SIS-R were equally large for the
positive and the negative dimensions. Although
the SIS-R negative dimension showed some over-
lap with the CAPE positive dimension, possibly
partly because of the fact that the SIS-R negative
dimension contains some positive experiences, the
association with the CAPE negative dimension was
much stronger. Similarly, the association between
the CAPE positive dimension and the correspond-
ing dimension of the SIS-R was much stronger
than the association of the latter with the negative
dimension of the CAPE. This confirms previous
findings with the CAPE (27) and suggests adequate
discriminative validity of the CAPE dimensions in
relation to established measures of the psychosis
phenotype. In addition, these findings suggest that
not only the positive psychotic experiences but also
attenuated negative symptoms can be captured
with self-report.

Associations with the CAPE dimensions were
lower for the instrument assessing clinical symp-
toms than for the instrument assessing schizotypy.
A likely explanation for this finding is that the
BPRS interview captures experiences and symp-
toms at the higher end of the psychosis continuum,
whereas both CAPE and SIS-R are sensitive to
variation across the whole range of expression of
psychosis.

Although both CAPE and SIS-R measure the
subclinical expression of psychosis, the instruments
differ in their approach to the measurement of the
distribution of psychosis. Schizotypy instruments,
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such as the SIS-R, are based on the assumption
that in the subdisorder range along the continuum,
the expression of the trait is attenuated and takes
on the form of ‘schizotypal’ signs and symptoms.
In this tradition, several schizotypy instruments
have been developed of which some, such as the
PAS (22), include items that are close to the
‘pathological’ experiences seen in clinical psychosis,
whereas others include items that are closer to
‘normal’ experiences, for example, the STA (24)
and the RISC (25), and yet others, such as the SPQ
(23), have based their items on the DSM criteria
for schizotypy. However, schizotypy instruments
do not always cover the type and range of
experiences seen in clinical patients (1). In addition,
the choice of instruments greatly influences the
resulting distribution of psychotic and psychosis-
like experiences. For example, the distribution of
scores on a scale with a more clinical approach to
schizotypy, such as the PAS, will be half normal,
whereas the distribution on a scale that is more
normalized in its approach to schizotypy, such as
the SPQ, will be closer to normal (11). The
approach adopted in the CAPE is to measure in
the general population the same symptoms that are
seen in patients with clinical psychotic disorders,
rather than the variably defined attenuated experi-
ences. The implicit assumption of this approach is
that experiencing symptoms of psychosis, such as
delusions and hallucinations, is not inevitably
associated with the presence of disorder. The
latter is dependent on symptom factors, such as
intrusiveness and frequency and comorbidity of
symptoms on the one hand, and personal and
cultural factors, such as coping, illness behaviour,
societal tolerance and functional impairments on
the other (11).

The finding that the CAPE has adequate reliab-
ility and validity does not mean that self-reported
psychotic experiences form a useful screening tool
for psychotic disorders. This is because the preval-
ence of these self-reported experiences is much
higher than the prevalence of clinical disorder
according to DSM-IV and ICD-10, which opens
the risk for a large number of false-positive
diagnoses. In a previous study, we have shown
that the predictive value of the presence of self-
reported psychotic experiences in a non-selected
general population sample was too low to be an
accurate indicator of clinician-assessed disorder,
both cross-sectionally and longitudinally (38, 39).
For example, in a cross-sectional comparison, out
of 100 subjects with at least one self-reported
psychotic symptom associated with distress, one-
quarter had a psychotic disorder and three-quarter
did not have a psychotic disorder (39). In a
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prospective study, only around 5-15% of individ-
uals with incident self-reported psychotic experi-
ences had developed an outcome defined in terms
of functional impairment associated with need for
care 2 years later (38).

Methodological issues

Arguably, a disadvantage of the CAPE is the fact
that it does not, for psychometric reasons, attempt
to measure a disorganization dimension. There-
fore, the self-report and interview measures in the
present study could not be compared regarding
disorganization.

The low response rate in the first sampling phase
(i.e. 8-10%, see Material and methods) did intro-
duce selection possibly affecting generalizability.
However, the results showed a level of self-reported
lifetime psychological complaints in the general
population sample (44.8 %) that corresponded
with other large-scale general population studies in
the Netherlands such as the NEMESIS survey,
which reported a 41.2% lifetime prevalence of at
least one DSM-III-R disorder (37). In this and
previous general population studies, depressed
mood, nervous exhaustion and anxiety were the
most prevalent problems. Moreover, the mean of
the BPRS positive dimension in our general
population sample (total score of 4.4 for four
items pertaining to the positive psychosis dimen-
sion) does not fall into the pathological range of
the psychiatric rating scale and the 20% rate of
BPRS psychotic experiences corresponds to the
rate reported in previous Dutch, New Zealand and
German general population samples (20, 40, 41).
Therefore, the prevalence of self-reported lifetime
psychological complaints and the prevalence of
subclinical positive psychotic experiences measured
with a psychiatric rating scale argues against poor
generalizability of the results obtained in the
present sample.
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Early exposure to cannabis and risk for
psychosis in young adolescents in Trinidad

Konings M, Henquet C, Maharajh HD, Hutchinson G, Van Os J. Early
exposure to cannabis and risk for psychosis in young adolescents in
Trinidad.

Objective: Cannabis use increases the risk for psychosis, but
psychotogenic effects of cannabis may be restricted to exposure during
early adolescence.

Method: Four hundred and seventy-two participants (aged 12—

23 years), randomly selected from the general population in Trinidad,
completed questionnaires on past and current cannabis use and
psychotic symptoms (using the Community Assessment of Psychic
Experiences).

Results: Cannabis use increased the risk of experiencing psychotic
symptoms and this effect was conditional on early exposure, defined
around the mean age of onset of cannabis use. Thus, exposure before
but not after the age of 14 years predicted psychotic symptoms
(respectively B: 0.71, 95% CI1 0.22; 1.19, P = 0.004 and B: —0.11, 95%
CI -0.57; 0.36, P = 0.66). The developmental effect of cannabis use
was independent of use of other drugs or current use of cannabis.
Conclusion: Early adolescence may be a critical period with regard to
the psychotogenic effect of cannabis across geographical settings and
ethnic groups.
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e Early onset of cannabis use is associated with a greater risk of developing psychotic symptoms.
e Findings regarding this association are not restricted to geographical settings and ethnic groups.

Limitations

e The study was cross-sectional.

e Self-report questionnaires were used to assess the psychosis outcome.

Introduction

Cannabis is the most widely used illicit substance in
the world, particularly among young people. In the
Netherlands, it was found that the proportion of
cannabis users starting at age 13 years or younger
increased from 21% to 41% between 1992 and
1998 (1). In several other European countries and
in the USA, increasing drug use among young
people has also been reported (2, 3). A growing
body of evidence suggests that cannabis is associ-
ated with increased levels of positive symptoms (4)
and constitutes a risk factor for psychotic out-
comes including psychotic illness (5-8). In addi-

tion, it has been suggested that the psychotogenic
effects of cannabis may be most profound after
exposure during early adolescence, indicating the
existence of a developmentally specific window of
exposure in relation to psychosis (9, 10). Until
now, however, the psychosis-enhancing effects of
cannabis have only been shown in western popu-
lations, where reporting bias may be an issue (11).

Aims of the study

The aims of this study, therefore, were to i) cross
sectionally investigate the association between
cannabis use and positive psychotic experiences in
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young people living in a non-western society and ii)
investigate whether this association was moderated
by age of onset. This is the first study in a non-
western country investigating the association
between cannabis and psychotic experiences in a
multi-ethnic community.

Material and methods
Procedure and sample

Four hundred and seventy-two pupils (aged 12—
23 years, mean age 16 years) were randomly
selected from different schools in Trinidad
(Republic of Trinidad and Tobago), an island
located at the southern most position of the
Caribbean islands, 11 km from the Venezuelan
coast, and were asked to participate in the study.
To obtain a representative sample of Trinidadian
adolescents, participants were recruited through
randomly selected (based on the geographical
position of the school) vocational and govern-
mental schools. Vocational and governmental
schools are the main schools in Trinidad, and
are attended by approximately 70% of all ado-
lescents (12). Every school agreed to participate,
and during a 1-day school visit, every student
present at that time was invited to participate in
the study and none of them refused. Question-
naires on cannabis use and psychotic symptoms
were completed in the classroom under the
supervision of a teacher. Of all collected ques-
tionnaires, 41 were incomplete. The study sample
therefore consisted of 431 subjects.

Instruments

Use of cannabis and use of other drugs, including
age of first use, were assessed using a self-report
questionnaire. The questionnaire consisted of
dichotomous items assessing life time (phrased
as ‘at least once’) and current use of cannabis and
life time and current use of other drugs. Age of
first cannabis use was assessed as well. The
Community Assessment of Psychic Experiences
(CAPE), a self-report instrument, was used to
assess positive psychotic experiences (10, 11 and
13). The CAPE has shown to be reliable and valid
(13, 14). For the current analyses, the total score
on the positive dimension was used as the
psychosis outcome. To account for partial non-
response, CAPE scores were weighted for the
number of valid answers per dimension. These
weighted CAPE scores were expressed as standar-
dised scores.
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Analyses

Multiple linear regression was used to examine
the association between lifetime cannabis use
(exposure variable) and psychotic symptoms
(response variable). To investigate cannabis
effects in association with the age of onset of
cannabis use, the sample was divided a priori (on
the basis of the group’s mean age of onset of
cannabis use of 13 years) in three groups as
follows: 1) no cannabis use; ii) cannabis use
before 14 years and iii) cannabis use at or after
the age of 14 years.

All analyses were a priori adjusted for age,
school type (0 = average school; 1 = vocational
school), ethnicity (0 = other; 1 = Indian;
2 = African), sex and in addition current use of
cannabis and use of other drugs. Sensitivity anal-
yses were conducted using the HOTDECK com-
mand in stata (version 9.0) to examine whether
missing data on the cannabis question in the
questionnaire could have biased the findings.

Results

The final sample consisted of 431 adolescents and
young adults. Mean age of the sample at the time
of interview was 16.0 years (range 12-21), 239
(55%) were females and 27% of the individuals
were attending vocational schools. Twenty-seven
per cent was from Indian and 39% from African
origin. The rate of lifetime cannabis use was 21%
(n = 90) and of these, 34 had started their use
before the age of 14 years (38% of the cannabis
users) and 40 at or after the age of 14 years
(answers on age of onset were missing for 16
subjects). The mean age of onset of cannabis use
was 13.3 (range 7-19, SD 2.3). Current cannabis
use was reported by 49% (n = 44) of the pupils
with lifetime cannabis use. Lifetime use of other
drugs was reported in 6% of the sample.

Overall, cannabis use was not associated with
increased levels of psychotic symptoms (f = 0.14,
95% CI: -0.10;0.37, P = 0.25). However, there
was a significant interaction between cannabis use
and the age of first use, indicating that the effect of
cannabis on the psychosis outcome was signifi-
cantly stronger with early use of cannabis (F (1,
371) = 3.91, P = 0.05). Thus, the use of cannabis
before the age of 14 years was significantly asso-
ciated with higher levels of psychotic symptoms
(B = 0.39, 95% CI: 0.04;,0.74, P = 0.029). This
association remained both large and statistically
significant after adjustment for age, school type,
ethnicity, sex, current use of cannabis and use of
other drugs (Table 1). No such association was



Table 1. Effect of age of first cannabis use on positive psychotic symptoms (CAPE
scores)

Comparison
CAPE early vs.
Age of scores old-age of
Adjustment first use® (Bt) 95% Cl; P onset
Not adjusted  Never usedi 0 -
>14 years 001 -0.32,0.34 P=0.95
<14 years 0.39 0.04,0.74; P=0.029
Adjusted$ Never used 0 - F(1,371) =391,
>14 years 011 —057,0.36; P=0.66 P=0.05¢

<14 years 071 0.22,1.19; P=0.004

CAPE, Community Assessment of Psychic Experiences.

*The effect of age of first cannabis use, expressed dichotomously as before the
age of 14 years or after the age of 14 years.

‘tRegression coefficient indicates change in CAPE positive symptom scores asso-
ciated with different categories of age of first use.

iReference category.

§Adjusted for age, school type, ethnicity, sex, current use of cannabis and use of
other drugs.

9 Statistical comparison between the effect sizes of the categories >14 years and
<14 years by Wald test indicates that the cannabis effect size in the younger age
group (<14 years) is significantly greater than in the older age group (=14 years).

observed for the individuals who started their use
of cannabis after the age of 14 years (Table 1).

Discussion

Sub-clinical psychotic symptoms as measured by
the CAPE are of interest as they show longitudinal
continuity with more severe states of psychotic
illness (15). Furthermore, a recent study showed
that cannabis may not only play a role in the onset
of sub-clinical expression of psychosis, but also
causes abnormal persistence of sub-clinical symp-
toms and eventually, as a consequence, need for
psychiatric care (16). The results of this study
confirm findings from two earlier epidemiological
studies (9, 10) that early onset of cannabis use is
associated with a greater risk to develop psychotic
symptoms than later onset of use. The association
between early exposure to cannabis and psychotic
symptoms remained significant after adjustment
for current use of cannabis and other drug use. In
addition, this is the first study, to our knowledge,
to show psychotogenic effects of early cannabis
exposure in a non-western society, where cannabis
use has a long, non-stigmatised history for medical
and recreational use (17).

Based on the current findings, it may be argued
that cannabis early exposure effects are develop-
mental in nature and that they do not simply reflect
effects of long-term exposure associated with
earlier onset of use. In other words, a 10-year
history of cannabis use may impact differentially
on risk of psychosis depending on whether the
current age of the subject is 22 or 32 years. Similar

Early cannabis use and psychosis

evidence comes from animal studies in which only
A-9-tetrahydrocannabinol (THC, the principal
component of cannabis) exposure during puberty,
but not in adult rats, induced behavioural and
cognitive changes (18). In addition, studies inves-
tigating the long-term effects of THC on cognition
found similar developmental effects of cannabis
exposure (19, 20). The fact that the endocannabi-
noid and the dopamine system are closely related
(21) may partly explain why early adolescence in
particular may be such a vulnerable period with
respect to the adverse effects of THC. In rodents,
THC facilitates dopamine transmission in different
brain areas (22, 23). Chronic exposure to THC on
the other hand, may result in a reduction of
dopamine metabolism in the PFC (24). In addition,
the Val allele (of the COMT Vall58Met polymor-
phism), which is associated with higher levels of
mesolimbic dopamine signalling and lower dopa-
minergic activity in the prefrontal cortex (PFC)
(25), is also associated with increased sensitivity to
the psychotic and cognitive effects of THC (26, 27).
Schizophrenia has a postadolescent age of onset
and is related to PFC dysfunction. As changes in
synaptic dopamine activity in the PFC occur until
adulthood, the PFC in particular may be sensitive
to adverse environmental influences during puberty
(28). A recent study by Tunbridge showed that
COMT enzyme activity increases across the life-
span, and that COMT may play a functional role
in the changes occurring in the PFC during
adolescence (29). Therefore, in individuals with
genetic vulnerability (e.g. carriers of the COMT
Vall58Met Val allele), early cannabis exposure
may cause later psychosis by enhancing pre-exist-
ing dysregulation of the prefrontal and mesolimbic
dopamine system (30). In addition, there is evi-
dence that the effect of different environmental risk
factors for psychosis may be additive (16) as was
recently shown for early cannabis exposure and
childhood trauma (31-33).

A methodological limitation of this study is that
as symptoms and cannabis use were investigated
cross sectionally, reverse causality cannot be
excluded. However, previous studies have shown
that although self-medication effects may in part
contribute to the cannabis-psychosis relationship
(34), they cannot explain the association entirely
and cannabis is more likely to predict psychosis
than vice versa (35). A second limitation is that
cannabis use was assessed using self-report ques-
tionnaires under the supervision of a teacher,
which may have yielded false negatives. Any false
negative however, would have caused an under-
rather than an over-representation of the actual
effect size. In addition, cannabis use has a long
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history for medical and recreational use in the
Caribbean, which makes under-reporting unlikely.
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Background. There may be biological plausibility to the notion that cannabis use and childhood trauma or
maltreatment synergistically increase the risk for later development of psychotic symptoms. To replicate and further
investigate this issue, prospective data from two independent population-based studies, the Greek National Perinatal
Study (n=1636) and The Netherlands Mental Health Survey and Incidence Study (NEMESIS) (n=4842), were
analyzed.

Method. Two different data sets on cannabis use and childhood maltreatment were used. In a large Greek
population-based cohort study, data on cannabis use at age 19 years and childhood maltreatment at 7 years were
assessed. In addition, psychotic symptoms were assessed using the Community Assessment of Psychic Experiences
(CAPE). In NEMESIS, the Composite International Diagnostic Interview (CIDI) was used to assess psychotic
symptoms at three different time points along with childhood maltreatment and lifetime cannabis use.

Results. A significant adjusted interaction between childhood maltreatment and later cannabis use was evident in
both samples, indicating that the psychosis-inducing effects of cannabis were stronger in individuals exposed to
earlier sexual or physical mistreatment [Greek National Perinatal Study: test for interaction F(2,1627)=4.18, p=0.02;
NEMESIS: test for interaction x*(3) =8.08, p=0.04].

Conclusions. Cross-sensitivity between childhood maltreatment and cannabis use may exist in pathways that shape
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the risk for expression of positive psychotic symptoms.
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Introduction

Cannabis use increases the risk for psychotic outcomes
in a dose-response manner (Henquet et al. 2005;
Semple et al. 2005; Moore et al. 2007). Only a minority
of cannabis users develops psychosis, suggesting that
cannabis may act as a component cause, impacting on
psychosis risk in co-dependence with other factors.
Gene-environment or environment-environment in-
teractions may underlie this association (Henquet ef al.
2008), where, for example, individuals at increased
genetic risk (a patient or a first-degree relative of a

* Address for correspondence: Dr C. Henquet, Department of
Psychiatry and Neuropsychology, Maastricht University Medical
Centre, PO Box 616 (Vijverdal), 6200 MD Maastricht, The Netherlands.

(Email: cecile.henquet@sp.unimaas.nl)

patient) or psychometric risk (the existence of sub-
threshold psychotic experiences) show increased sen-
sitivity to the psychosis-inducing effects of cannabis
(van Os et al. 2002; Verdoux et al. 2003b; D’Souza et al.
2005; Henquet et al. 2005; GROUP, 2011). Similarly,
methodologically strong studies, including prospec-
tive studies, have demonstrated associations between
childhood trauma, childhood maltreatment and
childhood adversity on the one hand and psychotic
symptoms/psychotic disorder on the other (Whitfield
et al. 2005; Wicks et al. 2005; Lataster et al. 2006;
Spauwen et al. 2006; Scott et al. 2007; Shevlin et al.
2007; Kelleher et al. 2008; Shevlin et al. 2008 ; Freeman
& Fowler, 2009; Read et al. 2009; Schreier et al. 2009;
Elklit & Shevlin, 2010; Fisher et al. 2010; Mackie et al.
2010; Arseneault et al. 2011). The pathway through
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which trauma causes psychosis is the subject of in-
creasing investigation (Read ef al. 2009). In a prospec-
tive study, Cougnard et al. (2007) suggested that
trauma, urbanicity and cannabis do not reflect the
same environmental risk in bringing about abnormal
persistence of developmental subclinical expression
of psychosis because of the synergistic action of these
factors. More recent evidence also indicates that joint
exposure to cannabis and childhood trauma occasions
more-than-additive effects; Houston et al. (2008)
showed that early sexual trauma increased the risk for
psychosis only in individuals who had been exposed
to cannabis before the age of 16 years. In a recent study
with adolescents, the same evidence for interaction
between childhood trauma and cannabis use and
psychotic symptoms was found (Harley et al. 2010).

There is some biological evidence to support this
association. Both stressful experiences and delta-9-
tetrahydrocannabinol (THC, the main psycho-active
constituent of cannabis) have been found to increase
dopaminergic signaling in the mesolimbic system
(Voruganti et al. 2001; Soliman et al. 2008; Bossong
et al. 2009) and prefrontal cortex (Stokes et al. 2010).
Hyperdopaminergia may be associated with psy-
chosis (Kapur, 2003) and the interaction between early
life adversity and cannabis may increase risk for psy-
chosis by bringing about enduring sensitization to
dopamine agonists (Kuepper ef al. 2010). Indications
for this biological mechanism come from animal and
human research showing that early life stress may re-
sult in an altered behavioral response to dopamine
agonists in adulthood (Engert et al. 2009; Rodrigues
et al. 2011). The aim of the current study was to further
investigate the interaction between different kinds of
childhood adversities and later cannabis use, assessed
at different time points, ensuring independent ex-
posure assessment, and to establish whether early ex-
perience of maltreatment moderates the association
between later cannabis use and psychotic outcomes in
a dose-response fashion, using two longitudinal
population-based studies. In addition, correlation be-
tween childhood maltreatment and later cannabis use
was investigated to establish whether interaction may
point to underlying moderation (one factor influen-
cing the effect of the other) or mediation (one factor
influencing the occurrence of the other).

Method
Samples
The Greek National Perinatal Study

The Greek National Perinatal Survey is a prospective
cohort study of all individuals who were born in
Greece between 1 and 30 April 1983 (1=11048)
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(Tzoumaka-Bakoula, 1987; Stefanis et al. 2004). Data
were collected at three different time points. After
birth (T0), data on the children’s health and on socio-
economic factors of the parents were collected by the
obstetrician and /or the midwife who was responsible
for or present at the delivery. In 1990, at age 7 years
(T1), questionnaires were sent to the primary school
teachers who then invited the parents to complete
further questionnaires (parental questionnaire). A total
of 6594 questionnaires were completed by parents or
caregivers (60 % response rate). In 2001, when subjects
were 19 years old (T2), 4675 questionnaires were sent
to the parents and to the subjects (parental and subject
self-report questionnaires), which yielded completed
questionnaires on 3500 subjects (75% response rate).
The Greek study sought and received approval, as re-
quired, from both the National Hellenic Research
Foundation (NHRF) Institute of Biological Research
and Biotechnology (IBRB) and the National Privacy
Principles Board. Written parental informed consent
was obtained at TO; at T2, subjects also provided
written informed consent (Stefanis ef al. 2004).

The Netherlands Mental Health Survey and Incidence
Study (NEMESIS)

NEMESIS is a prospective study on the incidence,
course and consequences of psychiatric disorders in
the Dutch general population (aged 18-64 years) (Bijl
et al. 1998a,b; Cougnard et al. 2007). Subjects were in-
terviewed at home at three different time points:
baseline (T0, 1996), T1 (1997, assessing the period be-
tween TO and T1) and T2 (1999, assessing the period
between T1 and T2). NEMESIS is based on a multi-
stage, stratified, random sampling procedure in 90
municipalities. First, a sample of 90 Dutch munici-
palities was drawn. Second, a sample of private
households within each municipality was selected and
members with the most recent birthday within each
household who were sufficiently fluent in Dutch were
selected (Bijl et al. 19984, b). A total of 7076 individuals
provided written informed consent and were inter-
viewed at TO (response rate of 70%); 5618 subjects
(79 % of baseline sample) participated at T1; and 4848
subjects (69 % of baseline sample) were assessed at T2.
Attrition was largely non-selective (de Graaf et al.
2000). Ethical approval was obtained from the ethics
committee of the Netherlands Institute of Mental
Health and Addiction.

Measures
The Greek National Perinatal Study

Childhood maltreatment at T1. At T1 (at age 7 years),
childhood maltreatment was defined using a question



from the parental questionnaire where parents could
indicate the frequency of physical punishment in
the form of spanking. The question was phrased as
follows: ‘Quite frequently, parents will resort to
“spanking” as a way of “punishing” the child. How
often has this happened with this particular child
before the child went to school?’ Categories were
‘never’, ‘occasionally” or ‘often’.

Cannabis use at T2. At T2 (at age 19 years), frequency of
lifetime cannabis use was assessed (never, once, 2—4
times, >5 times and regular use). Guided by a pre-
vious study using this sample and this measure
(Stefanis et al. 2004), cannabis use was dichotomized as
‘never’ versus ‘at least once’. Lifetime use of other
drugs was similarly dichotomized as ‘never’ versus ‘at
least once’.

Psychosis outcome at T2. At T2, subjects completed the
Community Assessment of Psychic Experiences
(CAPE), a self-report questionnaire developed to
measure lifetime psychotic experiences in the positive,
negative and depressive symptom dimensions of
psychosis in the general population (Konings et al.
2006), based on the Peters et al. Delusions Inventory
(PDI; Peters et al. 1996). The CAPE measures fre-
quency and also distress of experiences on a four-point
scale from ‘never’ (1), “sometimes’ (2), “often” (3) to
‘nearly always’ (4). The CAPE has been shown to be
reliable (Verdoux et al. 2003a; Konings et al. 2006;
Brenner et al. 2007) and displays discriminative val-
idity across diagnostic groups and individuals from
the general population (Hanssen et al. 2003), in ad-
dition to concurrent validity with clinical interview
measures of psychosis proneness (Konings et al. 2006;
Konings & Maharajh, 2006). For the current analyses,
the total score of the frequency items of positive psy-
chotic experiences was used, expressed in units stan-
dard deviation (hereafter: psychosis, a continuous
variable).

NEMESIS

Subjects were interviewed using the Composite
International Diagnostic Interview (CIDI version 1.1,
computerized version). The CIDI is a fully standard-
ized, structured interview developed by the World
Health Organization (WHO) to be used by trained
health professionals for the assessment of mental dis-
orders according to the definition and diagnostic
criteria of the DSM-IV and ICD-10 (Smeets, 1993). It
is intended for use in epidemiological studies and
clinical trials. CIDI assessment at TO yielded life-
time ratings; assessments at follow-up were interval
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ratings referring to the period between T0 and T1 and
between T1 and T2 respectively.

Childhood maltreatment at TO. At TO, childhood mal-
treatment was assessed. Subjects were asked, using a
semi-structured self-constructed interview, whether
they had experienced any kind of emotional, physical,
psychological or sexual abuse before the age of 16
years. This semi-structured interview with four ques-
tions was also used in the study by Janssen et al. (2004).
Subjects were also asked to indicate the frequency
of the abuse on a scale from 1 to 6, with 1=never,
2=once, 3=sometimes, 4=regular, 5=often and
6=very often. Consistent with a previous study ana-
lyzing the association between maltreatment and
psychosis in this sample (Janssen et al. 2004), the sum
of answers of the four items (scale 1-6) was coded ‘0’
when the score was 4, ‘1’ when the total score was 5-9
(defined as “mild’), ‘2’ when the total score was 10-14
(defined as “moderate’) and ‘3" when the total score
was 15-24 (defined as “severe’). A composite score
as opposed to more specific forms of trauma was
used to increase statistical power required to calculate
interaction between trauma and cannabis, and
because no specific hypothesis regarding interaction
between cannabis and a specific kind of trauma was
apparent.

Cannabis use at TO and follow-up. At TO, lifetime canna-
bis use was assessed using the CIDI-L section on sub-
stance use. Consistent with a previous study using
NEMESIS data (van Os et al. 2002), TO lifetime canna-
bis use was dichotomized as ‘never’ versus ‘at least
once’. TO lifetime use of other drugs was similarly cat-
egorized as ‘never’ versus ‘at least once’. Cannabis
use over the follow-up period was combined into a
single variable, defined as ‘no use’ versus ‘use at
least once at T1 or T2’, consistent with previous
analyses (Henquet et al. 2006) and hereafter referred to
as “T1/T2 cannabis use’.

Psychosis outcome over the follow-up period (T1 and T2).
At T1 and T2, data on the psychosis outcome were
collected using the psychosis section (G) of the CIDL
This section consists of 17 items concerning delusions
(13 items) and hallucinations (four items), which cor-
respond to classic psychotic symptoms such as per-
secution, thought interference, auditory hallucinations
and passivity phenomena. Each item was scored on a
scale from 1 to 6 with 1=no symptom, 2=psychotic
symptom present but not clinically relevant,
3=psychotic symptom is the result of drug use,
4 =psychotic symptom is the result of a somatic dis-
ease, 5=true psychotic symptom, and 6 =interviewer
is in doubt because there is a plausible explanation for
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what seems to be a psychotic symptom. Conforming
with previous work, individuals with at least one
positive rating on any of the CIDI psychosis items
(a score of >1 on at least one item) at either T1 or T2,
irrespective of the type of rating (2-6), were con-
sidered as having psychotic symptoms at follow-up
(hereafter: T1/T2 psychosis) (Henquet ef al. 2006). The
psychosis outcome at TO was used to assess a possible
association between TO psychotic symptoms and later
T1/T2 cannabis use.

Analyses

Analyses were carried out using Stata version 10.0
(Stata Corporation, USA). The dependent variable in
the analyses of both the Greek study and NEMESIS
was psychosis (Greek study: continuous T2 CAPE
psychosis outcome; NEMESIS: dichotomous CIDI
T1/T2 psychosis). Independent variables for main and
interactive effects were early childhood maltreatment
and later cannabis use (Greek study: three-level con-
tinuous childhood maltreatment variable at T1 and
dichotomous cannabis use at T2 ; NEMESIS: four-level
continuous childhood maltreatment at T0 and dichot-
omous T1/T2 cannabis use). Associations were tested
using regression [Greek data: multiple regression
yielding B effect size of continuous standardized psy-
chosis outcome variable; NEMESIS: logistic re-
gression of dichotomous psychosis outcome yielding
odds ratios (ORs)]. To test whether the association
between cannabis use and the psychosis outcome
would differ as a function of childhood maltreatment,
maltreatment x cannabis interaction terms were fitted.
In case of significant interaction, cannabis effect sizes
for the different maltreatment levels (Greek data:
three levels; NEMESIS: four levels) were calculated
by making the appropriate linear combinations de-
rived from the model containing the interaction, using
the Stata LINCcOM routine. Statistical significance was
assessed by the Wald test. In both studies, all analyses
were a priori adjusted for sex, urbanicity and other
drug use. In line with previous studies using
NEMESIS data, NEMESIS analyses were additionally
adjusted for age (10-year groups), ethnic group
(0, subject and both parents born in The Netherlands;
1, other), dichotomous single marital status, experi-
ence with discrimination (four levels of severity) and
dichotomous unemployment (van Os et al. 2002).
In addition, for both studies, analyses were carried
out investigating whether individuals with a history
of childhood maltreatment were more likely to start
using cannabis compared to individuals with no
childhood maltreatment, using logistic regression
analysis of dichotomous cannabis use as the depen-
dent variable. To assess self-medication effects
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(psychosis causing cannabis use), the association be-
tween psychotic symptoms at TO and cannabis use
at follow-up was calculated in NEMESIS only (as no
prospective data for this association were available in
the Greek study).

Synergism refers to the situation where the com-
bined effect of two or more factors is greater than the
sum (additive model) or the product (multiplicative
model) of their solitary effects. It has been shown that
the true degree to which two factors co-participate in
producing an outcome can be estimated from the ad-
ditive statistical interaction that comes closer to, but is
not the same as, biological synergism or the pro-
portion of those exposed to the two factors that have
the outcome because of the specific combined action of
the two factors (Darroch, 1997; van Os & Sham, 2003).
This method is commonly used in psychiatric re-
search, showing synergy between proxy measures of
genetic risk on the one hand and traumatic head injury
(Corcoran & Malaspina, 2001), cannabis use (van Os
et al. 2002), prenatal maternal infection (Clarke et al.
2009) and urbanicity (van Os & Sham, 2003; van Os
et al. 2004; Spauwen et al. 2006) on the other, and also
as between trauma and cannabis use (Harley et al.
2010). In line with these previous publications, the
additive interaction was calculated between early
maltreatment and later cannabis use, in models of
psychotic symptoms.

Results
The Greek National Perinatal Study

The final sample consisted of subjects whose parents
had completed questionnaires on childhood maltreat-
ment at T1 and who had completed the self-report
CAPE questionnaire and questions on cannabis use at
T2. This yielded a risk set of 1636 subjects (45 % male).
At T1, maltreatment was reported to occur “some-
times” in 940 subjects (58 %) and ‘ often” in 196 (12 %) of
children. At T2, at age 19 years, 96 of the adolescents
(6%) reported cannabis use.

Main effects of childhood maltreatment and cannabis
use on psychosis outcome

Exposure to T1 childhood maltreatment, after adjust-
ment, was positively associated with T2 psychosis
outcome [adjusted B linear trend over three
levels=0.11, 95% confidence interval (CI) 0.03-0.18,
p=0.006], with evidence of dose-response (B ‘some-
times”: 0.08, 95% CI —0.3 to 0.18, p=0.151; B “often’:
B=0.23, 95% CI 0.07-0.39, p=0.005). The association
between childhood maltreatment and psychosis out-
come remained statistically significant after further
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Table 1. Mean T2 positive symptom scores (CAPE) by T1 childhood maltreatment and T2 cannabis use in the Greek National

Perinatal Study

Unadjusted T2 cannabis effect size

T2 CAPE score

Adjusted T2 cannabis effect size®

T1 maltreatment Mean (s.D.) B 95% CI 4 B 95% CI 4
Never
T2 Cannabis — (n=481) —0.08 (0.93) 0.48 0.05-0.93 0.032 0.55 0.11-0.99 0.015
T2 Cannabis+ (n1=19) 0.41 (0.85)
Occasionally
T2 Cannabis — (n=874) —0.04 (0.99) 0.51 0.27-0.75 <0.001 0.55 0.30-0.81 <0.001
T2 Cannabis + (1n=66) 0.47 (0.89)
Often
T2 Cannabis — (n=185) 0.06 (1.00) 1.34 0.75-1.93 <0.001 146 0.87-2.06 <0.001
T2 Cannabis + (n=11) 1.40 (1.05)

CAPE, Community Assessment of Psychic Experiences; CI, confidence interval; s.0., standard deviation.
@ Adjusted effects sizes, a priori adjusted for sex, urbanicity and other drug use.

adjustment for cannabis use (B linear trend =0.10, 95%
CI0.01-0.02, p=0.01).

T2 cannabis use was associated with T2 psychosis
outcome after adjustment (B=0.65, 95% CI 0.44-0.86,
p=0.000). The association between cannabis and psy-
chosis outcome remained significant after further ad-
justment for childhood maltreatment (B=0.65, 95% CI
0.44-0.86, p=0.000).

Cannabis use x childhood maltreatment interaction

There was a significant adjusted interaction between
T1 three-level continuous childhood maltreatment
and T2 dichotomous cannabis use in the model of
T2 psychosis [test for interaction: F(2,1627)=4.18,
p=0.016]. An extra-linear relationship was observed,
the psychosis-inducing effects of cannabis being elev-
ated only in those with the highest level of physical
punishment (“often’) in childhood (Table 1). For these
individuals, the adjusted effect of cannabis on psy-
chosis outcome was much stronger (B=1.46, 95% CI
0.87-2.06, p <0.001), compared to those with physical
punishment rated ‘occasionally’ (B=0.55, 95% CI
0.30-0.81, p<0.001) or ‘never’ (B=0.55, 95% CI
0.11-0.99, p=0.015). There was no evidence that T1
childhood maltreatment was associated with in-
creased risk of T2 cannabis use (OR 1.21, 95% CI 0.85—
1.74, p=0.29).

NEMESIS

The final sample consisted of subjects who (i) com-
pleted the CIDI at T1 and (i) at T2 and (iii) completed
the questions on childhood maltreatment at TO. This
yielded a risk set of 4842 subjects (47 % male). The
mean age at TO was 41.2 years (s.0.=11.9). Moderate to

severe maltreatment was reported by 8.5% of the
sample and 9.5% reported T1/T2 cannabis use.

Main effects of childhood maltreatment and cannabis
use on psychosis

Exposure to TO childhood maltreatment, after adjust-
ment, was positively associated with T1/T2 psychosis
outcome (OR linear trend over four levels 1.96, 95 % CI
1.73-2.20, p=0.000), and this association remained
statistically significant after further adjustment for
cannabis use (OR 1.93, 95% CI 1.71-2.18, p=0.000). TO
cannabis use was associated, after adjustment, with
T1/T2 psychosis (OR 1.73, 95% CI 1.24-2.42 p =0.001),
and this association remained significant after further
adjustment for TO childhood maltreatment (OR 1.45,
95% CI 1.03-2.03, p=0.034). TO childhood maltreat-
ment was associated with a significantly increased risk
of T1/T2 cannabis use (OR 1.57, 95% CI 1.33-1.86,
p<0.001). There was no large or significant association
between TO psychotic symptoms and later cannabis
use (T1: OR 1.22, 95% CI 0.84-1.78, p=0.31; T2: OR
1.27,95% CI 0.84-1.93, p=0.25).

Cannabis x maltreatment interaction

There was a significant interaction between childhood
maltreatment and T1/T2 cannabis use in the model of
T1/T2 psychosis [¢*3)=8.08, p=0.04]. Again, an
extra-linear relationship was observed (Table 2). Thus,
the effect of cannabis in the group with severe mal-
treatment exposure was much higher [adjusted risk
difference (RD) 30.5%, 95% CI 9.4-51.7, p=0.005] than
those with moderate (adjusted RD 4.6 %, 95% CI —8.9
to 18.1, p=0.50) or mild maltreatment exposure
(adjusted RD 4.8%, 95% CI —0.7 to 10.3, p=0.09).
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Table 2. T1/T2 psychosis outcome by TO childhood maltreatment and T1/T2 cannabis use in NEMESIS

No. without No. with
T1/T2 T1/T2 % T1/T2 % Unadjusted risk % Adjusted risk
TO maltreatment psychosis psychosis psychosis difference (95 % CI) difference (95 % CI)?
Never
T1/T2 Cannabis— (n=3017) 2873 144 48 4.4 (05 to 8.4) 1.2 (2.3 to 4.6)
T1/T2 Cannabis 4 (1=217) 197 20 9.2
Mild
T1/T2 Cannabis — (1=1026) 945 81 7.9 7.9 (22 t0 13.6) 4.8 (-0.7 t0 10.3)
T1/T2 Cannabis + (2=171) 144 27 15.8
Moderate
T1/T2 Cannabis — (1 =239) 189 50 20.9 9.1 (—4.6t022.8) 4.6 (-89 to0 18.1)
T1/T2 Cannabis 4 (1=>50) 35 15 30.0
Severe
T1/T2 Cannabis — (1=98) 72 26 26.5 36.0 (14.7-57.2) 30.5 (9.4-51.7)
T1/T2 Cannabis + (1n=24) 9 15 62.5

NEMESIS, The Netherlands Mental Health Survey and Incidence Study; CI, confidence interval.
2 Adjusted difference in risk, a priori adjusted for sex, urbanicity, other drug use, age, ethnicity, urbanicity, single marital

status, discrimination and unemployment.

Discussion

This study, using two independent population-based
samples, has shown that experience of childhood
maltreatment moderates the association between
cannabis and psychosis. Even maltreatment some-
times considered less severe, such as spanking, dis-
played main effects if it was ‘often’, and interacted
with cannabis use. These findings are in accordance
with two earlier studies (Houston et al. 2008; Harley
et al. 2010). The current study adds strength to these
results because of its longitudinal design and because
it has shown that maltreatment moderates the effects
of cannabis in a dose-dependent, extra-linear fashion,
more severe maltreatment being associated with the
greatest effect of cannabis in later expression of psy-
chosis. Furthermore, the findings indicate that self-
medication (people using cannabis to self-medicate
their psychotic symptoms or the traumatizing effects
of early adversities) (Shevlin et al. 2009) is unlikely
to account for the interaction between childhood
maltreatment and cannabis exposure because only in
NEMESIS was an association between childhood
maltreatment and later cannabis use present, and also
in NEMESIS, psychosis at baseline did not predict
future cannabis use.

Interaction between environmental factors

There is accumulating evidence that cannabis use and
maltreatment in childhood or early adolescence play a
role in the pathway to psychotic symptoms. The
current results add credence to the suggestion that
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these environmental factors may act synergistically
on the same final common pathway, as evidenced
by the more-than-additive interaction. Interpretation
of interaction of risk factors is difficult because corre-
lation needs to be taken into account as well, as
simulations show that environment—environment
interaction (one environmental factor controlling
sensitivity to the other) may be confounded by
environment-environment correlation (one environ-
mental factor controlling exposure to the other). The
current results are inconsistent with respect to corre-
lation between maltreatment and cannabis because
only in NEMESIS, and not in the Greek survey, do
early maltreatment predisposed individuals start
using cannabis later in life. Because this association
was only present in NEMESIS and was absent in the
Greek survey, it suggests that there may be a small
amount of gene—environment correlation in addition
to gene-environment interaction. In the earlier study
by Harley et al. (2010), the possible correlation between
early cannabis use and childhood maltreatment was
also calculated, showing that subjects who had ex-
perienced childhood maltreatment were five times
more likely to use cannabis, confirming the hypothesis
that environment—environment correlation cannot be
ruled out. The occurrence of both interaction and
correlation for the same risk factor at the same time
was shown before in depression: the genetic liability
for depression acts in part by increasing the sensitivity
to stressful life events (Kendler et al. 1995) but the
same genes also influence the probability that in-
dividuals will experience stressful life events in the



first place (Kendler & Karkowski-Shuman, 1997). The
same may hold for perinatal adversity and risk for
schizophrenia: the genes predisposing for schizo-
phrenia may not only render an individual more sen-
sitive to the risk-increasing effect of perinatal adversity
but also increase the risk for perinatal adversity itself
(Marecelis et al. 1998).

Cross-sensitization between maltreatment and
cannabis

Exposure to cannabis increases risk for psychosis
outcomes in a dose-response fashion (Henquet et al.
2005; Zammit et al. 2007), suggesting an underlying
process of sensitization. Evidence for this hypothesis
comes from animal studies: rats that were pretreated
with increasing doses of THC showed a greater
behavioral response to a THC challenge after a 14-day
washout period than did THC-naive rats (Cadoni ef al.
2001, 2008). The current finding suggests that the
psychosis-inducing effects of cannabis are moderated
by early experience of maltreatment, suggesting
cross-sensitization between stress and cannabis in
shaping risk of psychotic outcomes. Sensitization in-
volving dopaminergic signaling has been proposed
as a possible mechanism by which environmental
factors such as stress or cannabis use impact on psy-
chosis risk (Collip et al. 2008). Animal studies have
shown fairly consistently that both stress and THC
lead to increased release of dopamine, particularly
striatal regions (Abercrombie et al. 1989; Tidey &
Miczek 1996; French et al. 1997; Tanda et al. 1997;
Cheer et al. 2004), although evidence for this in
humans is less clear (Bossong et al. 2009; Stokes et al.
2009; Kuepper et al. 2010). Few studies have exam-
ined possible cross-sensitization between THC and
stress. Rats living under normal conditions (i.e.
access to water and food), that were exposed to THC,
showed only minor behavioral changes and no
change in dopaminergic neurotransmission (MacLean
& Littleton, 1977). By contrast, under stressful housing
conditions (i.e. isolation and food deprivation),
THC administration had marked behavioral conse-
quences. Furthermore, it also resulted in significantly
increased dopamine uptake (MacLean & Littleton,
1977). Similarly, Mokler et al. (1987) showed that,
in rat pups, pretreatment with THC altered the stress-
induced dopamine response in the hypothalamus
and frontal cortex. Exposure to traumatic experiences
during childhood similarly may occasion enduring
neurobiological effects with over-reactivity of the
hypothalamus and the hypothalamic-pituitary—
adrenal (HPA) axis, abnormalities in neurotrans-
mitter systems and structural brain changes (Read
et al. 2001).

Cannabis, maltreatment and psychosis risk 7
Limitations

Childhood maltreatment, cannabis use and psychosis
outcome measures were assessed using different in-
struments across NEMESIS and the Greek study.
Childhood maltreatment in NEMESIS was specified
as any kind of emotional, physical, psychological
or sexual abuse whereas in the Greek study, child-
hood maltreatment was limited to physical punish-
ment. The question that arises is what degree of
spanking may be considered a traumatic experience.
Nevertheless, it has been shown that repeated slap-
ping or spanking is associated with increased lifetime
rates of psychiatric disorder (MacMillan et al. 1999).
Similarly, a longitudinal birth cohort study in New
Zealand showed that those exposed to ‘harsh or
abusive’ treatment during childhood were at greater
risk of later mental health problems (Fergusson &
Lynskey, 1997). In addition, several studies have
shown that the same biological mechanism that is
thought to underlie the association between trauma
and psychosis may also be relevant for moderate
levels of stress, as studies suggest that even small
stressors occasion increases in dopamine levels in the
brain (Davis et al. 1991; Glenthoj, 1995; Laruelle, 2000;
Myin-Germeys et al. 2005). The current study is the
first to demonstrate that even non-severe physical
mistreatment can interact with cannabis on psychosis
risk. No data on continuation of childhood maltreat-
ment were available in the Greek study. However,
there is little doubt that these smaller stressors occur
more frequently during childhood than major trau-
matic experiences, and as such could impact on the
aforementioned process of sensitization in a cumulat-
ive way.

Another limitation is that, in the Greek National
Perinatal Study, the measure of childhood maltreat-
ment relied on parental information, which may have
resulted in under-reporting and underestimation of
effect sizes. Nevertheless, the results were consistent
across studies, and the Greek data are unique in
that maltreatment was assessed prospectively. The
measurement of childhood maltreatment relied on
self-report. This type of assessment is acceptable, is
associated with a high response rate and yields rates
that are comparable to face-to-face interviews (Dill
et al. 1991; Wurr & Partridge, 1996; Read et al. 1997;
Janssen et al. 2004).

In both studies, psychotic symptoms rather than
psychotic illness were assessed in non-clinical
samples. Psychotic symptoms are more prevalent in
the general population than psychotic illness yet are
associated with the same environmental risk factors as
psychotic illness (van Os & Kapur 2009; Polanczyk
et al. 2010) and predict psychotic disorder over time
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(Poulton et al. 2000; Hanssen et al. 2005). The current
results confirm earlier findings that both cannabis and
adversity not only affect psychotic illness but also im-
pact on the broader extended psychosis phenotype in
the general population, which represents behavioral
expression of liability to psychotic disorder. The re-
sults do not, however, provide information about to
what degree the interaction between cannabis and
maltreatment contributes to the onset of new psy-
chotic symptoms or to the persistence of existing
symptoms (Dominguez et al. 2010). A further limi-
tation of the current study is that self-reported canna-
bis use was not confirmed by urinalysis. Lifetime
prevalence of cannabis use in the Greek National
Perinatal Study was low (6%) compared to other that
in European countries (20-31%) (Wone et al. 2004;
Kokkevi et al. 2006). However, in other Greek studies,
comparable prevalence rates of 4-8.6% have been re-
ported (Kokkevi et al. 2007; Menti et al. 2007).
NEMESIS was conducted in The Netherlands, where
cannabis is sold and consumed legally in coffee shops,
which makes under-reporting unlikely. In addition,
false negatives would probably have contributed to a
more, rather than a less, conservative result. Cannabis
use in the current study was dichotomously defined;
however, frequency and duration of use, and also the
potency of cannabis consumed, were not specified.
Given recent findings that different types of cannabis
affect mental health differentially (Di Forti et al.
2009; Morgan et al. 2010), future research should take
into account differences in potency of cannabis in ad-
dition to duration of exposure (Henquet et al. 2010).
The samples included in this study were not suffi-
ciently genetically sensitive to allow examination
of underlying gene-environment interaction or gene—
environment correlation. It is unlikely, however, that
the reported interactions between cannabis and child-
hood adversities are reducible to gene—environment
interplay. If genes predisposing to schizophrenia also
contribute to exposure to both adversity and cannabis
use, an interaction between these two factors would
not be expected.

Appendix

NEMESIS trauma questionnaire

The following questions are about forms of childhood trauma
to which you may have been exposed before the age of 16
years.

(1) Do you think that there was any kind of emotional
neglect?

(This means, for example, that people at home didn’t listen to you,

that your problems were ignored, that you had the feeling of not

receiving attention, care or support by the people in your house)
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(2) Do you think there was any kind of psychological abuse ?
(This means, for example, being sworn at, brothers or sisters who
were being favored, unjust punishment, blackmail)

(3) Do you think there was any kind of physical abuse ?
(That is, were you ever beaten, kicked, punched or did you experi-
ence any other kind of physical abuse ?)

(4) Were you ever approached sexually against your will?
(This means : had you ever been touched sexually by anyone against
your will or forced to touch anybody; were you ever pressurized
into sexual contact against your will ?)
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Both exposure to cannabis and childhood maltreatment have consistently been
found to be associated with risk on psychotic symptoms. As mentioned in chapter |,
the aim of this thesis was to investigate the association between cannabis and psy-
chiatric diseases, with the focus on psychosis, and to test whether this association is
also present in a non-western society. This thesis furthermore explored whether
early traumatic experiences moderate the long-term psychosis inducing effects of
cannabis use later in life in population based samples.

Cannabis and the broader psychosis phenotype

The traditional medical model of schizophrenia or psychosis assumes a categorical
view with symptoms being present in an all-or-none phenomenon. Many studies,
however, have now shown that schizophrenia is not a discrete illness entity, but
that psychotic symptoms generally exist as a continuum of severity and differ in
guantitative ways and are prevalent in the general population [1-4]. The majority of
people with subclinical psychotic symptoms never develop psychosis, but experienc-
ing these subclinical symptoms does increase the risk of developing clinical psycho-
sis [5, 6]. Poulton and colleagues showed in a prospective longitudinal study that
self-reported symptoms in children at age 11 years were associated with an in-
creased risk of developing a schizophreniform disorder at the age of 26 years (odds
ratio 16.4) [7]. In another large population based study in which 7076 individuals
were followed up for 2 years, these results were replicated. 8% of the individuals
who showed psychotic experiences, developed a clinical psychotic disorder within 2
years, indicating a greater than 60-fold increase in risk compared to those without
psychotic experiences [2] A more recent study in a Latin-American community also
found evidence of the existence of a continuum of psychosis with 38,9 % of the
individuals (adults) showing at least one life time psychotic symptom and one third
having clinically non-relevant symptoms [8]. Most studies investigating psychotic
experiences in the general population use self-report instruments. Information
about the reliability of these instruments and cross-validation with interview based
measures, however, is limited. Therefore, in chapter IV, the reliability and stability
of the self-report scale the Community Assessment of Psychic Experiences (CAPE ;
Retrieved from http:// www.cape42.homestead.com) was examined. The CAPE was
developed to assess positive, negative and depressive dimensions of psychotic ex-
periences in the general population and can be an important scale in detecting psy-
chotic experiences in the general population. In a general population sample the
CAPE was administered at baseline and again at follow-up 8 months later. In addi-
tion, the Structured Interview for Schizotypy, Revised (SIS-R) and the Brief Psychiat-
ric Rating Scale (BPRS) were administered. Given that the results indicated that self-
reported dimensions of psychotic experiences in the general population were sta-
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ble, reliable and valid, the CAPE could then be used in subsequent studies to inves-
tigate the role of cannabis use in the development of subclinical psychosis.

Cross cultural aspects: cannabis use in a non-western society

As previously described, cannabis use among adolescents is prevalent and is of im-
portance since the onset of psychotic disorders most commonly occurs in this life
stage. Data on adolescent cannabis use is mainly collected in western societies
however and data on trends in substance use from developing countries is limited.
This data is nevertheless important since it may provide further information on the
specific association between cannabis and psychosis. The few studies published that
include non-western samples, showed similar patterns of cannabis use as in studies
using western societies: with prevalence rates being highest among adolescents [9,
10]. To investigate the prevalence and patterns of substance abuse in a non western
society among adolescents, patterns of lifetime and current substance use were
estimated among schoolchildren in Trinidad (chapter Il). The results of this study
showed that lifetime use of cannabis was high in the different school systems in
Trinidad, with one third of the schoolchildren having used cannabis at least once.
Current cannabis use was different in the different school systems as more than
20% of the vocational school children (with learning and behavioural problems)
reported present use of cannabis, whereas in government assisted schools only 5 %
of the children presently used cannabis. It was furthermore shown that schoolchil-
dren in Trinidad start to use cannabis at an early age: in both school systems the
mean age to start cannabis use was 13 years. These percentages are comparable
with the rates in Western countries, where as the rates in the vocational schools
tend to be high and in general, more children start to use cannabis as very early
ages (13 years) compared to rates of European countries where only 5-9 % of the
individuals started to use cannabis at 13 years [11].

As stated before, exposure to cannabis not only seems to play a role in the emer-
gence of psychotic experiences, but may also increase the risk of affective symp-
toms (depressive and manic symptoms) [12—-14], suicidal thoughts [15, 16] and cog-
nitive impairment [17, 18]. A large cohort study of schoolchildren, for example,
revealed that frequent cannabis use in teenage girls was associated with later de-
pression and anxiety with the highest frequency of use associated with the highest
risk [19]. In a recently published review on cannabis use and mood symptomes, it
was shown that indeed high rates of comorbidity were seen between use/ abuse/
dependency of cannabis and affective disorders in several both longitudinal popula-
tion based studies and in clinical samples. It was also shown that more frequent use
of cannabis was associated with elevated risk of developing affective disorders,
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whereas there was no evidence for reverse causality (i.e affective symptoms at
baseline without use of cannabis did not result in an increased risk of using cannabis
at follow-up) [12]. Since the prevalence of cannabis is high in non western societies,
the association between use of cannabis and psychiatric symptoms, also other than
psychotic symptoms, was again investigated in a non-western country. Patterns of
clinical presentations among cannabis users were described using a psychiatric out-
patient sample in Trinidad and international literature on this subject was used as
comparison (chapter Ill). The results showed that affective symptoms, suicidal
thoughts but also hypomania were common among Caribbean cannabis users.
Moreover, psychotic symptoms were most prominent findings in the cannabis us-
ers. This study, furthermore, confirms that it is difficult to differentiate the noso-
logical differences between schizophrenia and mania where affective symptomatol-
ogy are common findings in cannabis users in Trinidad and it can be assumed that
the phenomenological presentation is determined by factors as genes, environ-
mental factors and local factors (potency of cannabis consumed where different
kinds of cannabis may affect psychic symptoms differentially) [13, 20, 21]. There
may be some cultural differences between western and non-western societies, as
Afro-Caribbean patients may show more symptoms of a mixed affective nature than
non Caribbean patients who show less affective symptoms [22]. Other studies also
suggest these different presentations of psychiatric symptoms in different ethnici-
ties where people with a darker skin are said to have more severe first rank symp-
toms compared to blank people [23].

Several studies have shown that genetic vulnerability to psychosis is equal in mi-
grants and non migrants. There seems to exist an increased risk of developing psy-
chotic disorders in migrants however (Moroccan migrants in the Netherlands, Afro-
Caribbean migrants in the United Kingdom) but this risk seems more likely to be due
to environmental factors [24-26] rather than genetic factors. As mentioned in the
introduction, Veling and colleagues showed that the increased risk of psychosis in
ethnic minorities was not due to immigration in itself but is more likely associated
with environmental factors such as belonging to an ethnic minority which perceives
a high degree of discrimination [27]. Furthermore also differences in course and
outcome of psychotic disorders between Western and developing countries have
been reported, with a better outcome being more frequently found in developed
and non-Western compared to Western societies [28]. Factors underlying a better
outcome of psychotic disorders in developing countries are not known yet, but are
likely to involve some socio-cultural factors [29-31] Kulhara for example, suggests
that unidentified factors that vary within cultures may be responsible for the good
outcome in developing countries: factors such as social acceptance by peer group,
availability of a social network, cohesive family ties etc.[29]. Lin and Kleinman [32]
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suggested similar social (protective) factors and suggested that disabilities are gen-
erally more accepted in developing countries compared to western societies.

As stated before, there is only limited data and systematic research available
from developing countries and there is not much information on the health conse-
qguences of cannabis use in developing countries. Therefore, the studies presented
in this thesis that were conducted in Trinidad (chapter Il, Ill, V) are of importance
and show that cannabis is also frequently used among young people in this devel-
oped country and it also shows that, similar to findings in western-societies, canna-
bis before the age of 14 years may have a negative impact on mental health out-
come [33, 34]. Thus, this thesis confirms the importance of doing research in devel-
oping countries, and shows comparable findings that strengthen the earlier findings
found in Western societies. This thesis confirms the converging evidence of the
association between cannabis and psychosis, regardless of whether the studies are
performed in western or non-western societies.

On the pathway from cannabis to psychosis: biological mechanisms

The biochemical mechanism by which cannabis exerts its psychotogenic effect is not
fully understood yet. Delta-9-tetrahydrocannabinol is supposed to be its most psy-
chotropic ingredient of cannabis. It binds to endogenous cannabinoid CB1 receptors
which are most prevalent in specific brain regions such as striatum, cerebellum, and
exist as a presynaptic receptor. Activation of this CB1 receptor inhibits neurotrans-
mitter release such as gamma aminobutyric acid (GABA), glutamate, serotonin,
dopamine and acetylcholine [35, 36]. Dopaminergic function is among other regu-
lated by this GABAergic and glutamergic signalling [37, 38]. Most of the work on the
neurobiology of psychosis focuses on alterations in the dopamine neurotransmitter
system and this dopaminergic pathway is the most studied one [39]. The classic
dopamine hypothesis assumes a hyperactivity in the dopaminergic system resulting
in positive symptoms [40]. Nowadays it is also assumed that in prefrontal regions of
the brain, not a hyperactivity but a reduced dopaminergic activity exists [41]. Expo-
sure to THC has been found to acutely increase mesolimbic dopamine release [42—
46]. Bossong and colleagues investigated the acute effects of cannabis in healthy
volunteers using Positron Emission Tomography and showed that inhalation of THC
resulted in an immediate increase in dopamine in the ventral striatum [47]. Longer
lasting exposure to cannabis has shown to be associated with increased density of
cannabinoid receptors in the caudate-putamen [48, 49]. Use of cannabis also shows
alterations in the endocannabinoid signalling of the endogenous anadamide which
is an important system that is involved in many physiological processes and which is
also involved in the dopaminergic system [38]. So it seems that cannabis has a direct
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effect on the dopaminergic flow but also more indirectly by influencing the endo-
cannabinoid signaling system.

Environmental risk factors for psychotic symptoms, such as cannabis, not only im-
pact on dopaminergic systems, but it is nowadays more and more assumed that
exposure to these risk factors results in alterations in myelination, synapse forma-
tion, immune systems and mitochondrial metabolism [37]. One study showed that
patients using cannabis had, statistically significant, less frontal white matter vol-
ume compared to healthy controls [50]. Another study also showed that users of
cannabis in a heavy way also had lower grey matter density in some hippocampal
areas compared to non users [51].

The involvement of the dopaminergic system does not exist solely for exposure to
cannabis, but exposure to traumatic experiences and stress also causes changes in
the mesolimbic dopaminergic system. Several animal and human studies show that
disturbances in the dopaminergic system are related to stress [52]. Studies using
mice and rats show an increase in dopamine levels after exposure to acute stress
[53-55] with chronic stress resulting in a reduction of the sensitivity in dopamine
metabolism in these mice [53]. Several human studies also showed that exposure to
chronic stress, such as childhood abuse, results in changes in the mesolimbic system
but also in higher cortisol levels and hyperactivity in the hypothalamic-pituitary-
adrenal axis [56-58] .

On the pathway from cannabis to psychosis: adolescence

Thus, the dopaminergic system seems to be involved in the aetiology of psychosis
where the dopaminergic system shows changes after exposure to either cannabis or
trauma. There seems to exist, however, developmentally sensitive periods meaning
that exposure to risk factors during a certain period increases the risk of developing
psychosis more strongly than is the case during other periods. The findings pre-
sented in chapter V suggest that adolescence seems to be one of these sensitive
periods. In this period the brain is still developing, in particular the region including
the frontal cortex [59] where especially white matter connectivities are developing
[60] and the endocannabinoid systems shows substantial changes [36]. Interest-
ingly, animal studies have identified this period of adolescence as a sensitive period
for cannabis exposure as well, as chronic exposure to THC in rodents was found to
result in behavioural changes : there was a significant impairment in learning a
maze. This effect on behaviour could not be found in rats which were exposed dur-
ing adulthood. This indicates that the age of exposure may be of importance of
psychic / behavioural outcome [61, 62]. Another animal study showed the same
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results: chronic cannabis exposure in juvenile rats but not adult rats, resulted in less
social play and social behaviour [63]. A very recent study showed that rats treated
with THC at a younger age showed less performance in a complex operant task
compared to the other groups who were exposed to THC at a later age [64].

In humans, literature on adolescent brain changes shows that the volume of grey
matter increases during adolescence and starts to decrease in late puberty, in par-
ticular the frontal and parietal lobes [65, 66]. A recent study in adolescents using
diffusion tensor imaging, compared adolescents using cannabis and cannabis naive
adolescents in white matter structure. Adolescents using cannabis showed more
white mater abnormalities, especially in the medial temporal and callosal pathways,
compared to cannabis naive adolescents. In addition, it was also found that younger
ages of onset of cannabis use was associated with lower frontal white matter integ-
rity, suggesting that earlier use may result in greater injury [67]. Another study with
early cannabis users (before the age of 16 years) showed a significant impairment in
reaction time compared to late onset cannabis users (after the age of 16 years) and
controls [68]. Another study investigating adolescents, showed that exposure to
cannabis during adolescence, resulted in impairments in learning and working
memory [69, 70] and that these adolescents showed hypoactivity in the anterior
cortex [71]. The endocannabinoid signalling system may be an important system
since it plays an important role in regulating the neuroendocrine and behavioural
effects of stress [72] and it also an important role during adolescent development,
as it is involved in processes like neuronal migration, axonal guidance, fasciculation,
positioning of cortical interneurons. Therefore alterations in this system caused by
environmental factors can result in less efficient maturation and impaired function-
ing of the brain [36].

To summarize, evidence from both animal and human studies shows that expo-
sure to cannabis can result in different effects where early adolescent cannabis use
seems to be a critical period for cannabis exposure and may lead to enduring effects
in the still developing brain during this period. More studies on the specific effects
of cannabis on brain maturation during adolescence and its underlying biological
mechanism are urgently needed given that cannabis use is very common especially
among young people [73, 74].

On the pathway from cannabis to psychosis: (cross)sensitization
Previous studies show that genetic factors moderate the long-term effects of can-
nabis use on psychosis outcome [75, 76]. The results presented in Chapter VI show

that apart from genetic factors, interplay between environmental factors such as
cannabis and trauma may determine an individual’s sensitivity to cannabis as well.
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Recently, an interaction between two other environmental factors, urbanicity and
cannabis exposure, was also shown in a longitudinal population based study, as in
this study the effects of cannabis use were particularly detrimental to adolescents
who were growing up in an urban environment [77] This data together with the
findings from this thesis are suggestive of a process of cross-sensitization between
cannabis and stress that my underlie the development of psychosis [78].

Sensitization is defined as a process in which early and repeated exposure to certain
factors results in a progressively greater response over time, finally resulting in
lasting changes in response amplitude [79, 80]. This process of sensitization is a well
known phenomenon from animal studies. In these studies, it is clear that intermit-
tent administration of a drug like amphetamine causes long-lasting behavioural
changes in response to a challenge dose of the drug [81, 82]. With respect to can-
nabis, there are only a few animal studies investigating sensitization processes fol-
lowing THC exposure. These studies are also summarized in chapter VI. In one study
for example, rats pre-treated with THC were compared to THC-naive rats in their
response to THC. The pre-treated rats showed a significantly stronger behavioural
response to THC compared to the THC-naive rats [83]. In another study, rats were
administered with THC or morphine and at 14-20 days following the last injection,
the rats received either THC or morphine. Also here, rats pre-exposed to THC
showed greater behavioural responses in response to the THC exposure than rats
who were THC-naive.

Indications for the sensitization process in animals were not only tested with drugs
but also with exposure to stress. In one study, some rats were exposed to chronic
stress and thereafter all animals were exposed to acute stress. Rats which were
previously exposed to chronic stress and then exposed to acute stress, exhibited a
greater increase in serotonin and noradrenalin in response to this acute stress,
compared to rats which were not exposed to chronic stress [84]. An earlier study
showed similar results : acutely stressed mice were re-exposed to even small stress-
ors and these re-exposed rats showed higher amine levels compared to mice which
were not pre-exposed to stress. So, the results of both studies suggest that re-
peated exposure to stress also may also lead, just like exposure to drugs, to a proc-
ess of sensitization [85].

In humans, several studies have also shown that repeated exposure to a drug like
amphetamine may result in sensitization : re-exposure to amphetamine resulted in
increased behavioural and neuro-chemical responses (e.g. increased striatal dopa-
mine release) [86, 87]. A recent study showed that repeated administration of am-
phetamine resulted in hyperactivity of the prefrontal cortex, measured by func-
tional magnetic resonance imaging. This change in the prefrontal cortex can also be
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found in patients with schizophrenia [88]. So, sensitization seems to be a common
process in exposure to drugs.

With respect to stress, studies on humans have already shown that stress is an im-
portant factor in the aetiology of psychosis. It has been found that stress is associ-
ated with higher levels of symptomatology, in a dose response fashion, which is
suggestive as well for a process of sensitization [89]. Not only major life events, but
also smaller stressful events in daily life have been found to increase the risk for
psychotic symptoms [89-91]. A prospective cohort study for example showed that
even relatively mild traumatic experiences such as being bullied, can increase the
risk of psychotic symptoms later in life [92]. In the study presented in Chapter VI of
this thesis, a similar risk-enhancing effect of mild traumatic experiences was found
as well. In addition, a dose-response association was found between “being
spanked” in the Greek study and risk for psychotic symptoms since it was shown in
this study that the more severe the childhood maltreatment, the more risk of de-
veloping psychosis (“often being spanked compared to “occasionally or never being
spanked”) , which is again suggestive for this process of sensitization [93-97].

A process of cross-sensitization between several kind of drugs has first been shown
in animal studies, in which repeated exposure to one drug leads to sensitization to
another drug. For example, rats which were previously exposed to methylphenidate
(MPD) and than later exposed to amphetamine, showed more behavioural distur-
bances than those which were not pre-treated with MPD [98]. Another experiment
with rats showed that pre-treatment with morphine affected the subsequent re-
sponse to a systemic injection of amphetamine. The results were not only indicative
of cross-sensitization between different types of drug, but, interestingly, also
showed that the process of cross-sensitization was environment-specific. That is,
cross sensitization to amphetamine was evident only in those animals that were
tested in the environment where they had previously received morphine [99].

Other animal studies showed that repeated exposure to THC induced behavioural
sensitization not only to cannabinoids but also to opiates, suggesting a similar proc-
ess of cross-sensitization [100, 101].

Indication for cross sensitization has not only been shown between different drugs,
but has also been shown in relation to stress. Rats which were placed in stressful
situations, showed an increase in striatal dopamine uptake after administration of
THC compared to the rats which were given THC in a non-stressful condition [102,
103].

In humans, studies on possible cross sensitization are rare. Therefore, cross sensiti-
zation between environmental risk factors were investigated in chapter VII, by ex-
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amining the psychotogenic effect of cannabis in persons with and without a history
of (mild) traumatic experiences during childhood. In this study it was shown that
being exposed to trauma during childhood moderated the long-term effect of can-
nabis on psychosis outcome in a dose-dependent, with more severe trauma being
associated with the greatest effect of cannabis on psychosis later in life. This is one
of the first studies in humans to show that a process of cross sensitization may un-
derlie the development of psychosis.

In addition to the possible biological mechanisms, a process of psychological sensiti-
zation has also been suggested as playing a role in the emergence of psychotic
symptoms. In psychological sensitization, it is thought that early exposure to envi-
ronmental risk factors may shape specific negative beliefs about oneself and about
others and such negative schemas may predispose an individual to attribute nega-
tive thoughts and believes to external rather than internal causes. It is shown in
studies that subjects who have experienced traumatic events in early life indeed
show more emotional reaction if exposed to stress [104] and they also show fewer
strategies for coping with this stress which may result in non-clinical psychotic ex-
periences [105].

To conclude, multiple factors (as well genetic as environmental) are involved in the
development of psychotic symptoms. Figure 1 shows that in a very early stage ge-
netic risk factors and pre and perinatal factors may increase an individual’s vulner-
ability psychosis, whereas later risk factors (early childhood trauma) further impact
on this liability. Subclinical psychotic experiences are not uncommon in adolescence
(see this chapter) and are mostly transient. Repeated exposure to environmental
risk factors can result in persistence of these subclinical psychotic symptoms and
can also result in development of more severe psychotic symptoms and even clinical
psychosis by the process of sensitization [77, 106]. So, as in thesis was shown, expo-
sure to cannabis in persons with early childhood maltreatment, show an increased
risk in developing psychotic symptoms. A recent study by Kuepper and colleagues
showed that growing up in an urban area also moderates the psychotogenic effect
of cannabis : adolescents who grew up in a city were more likely to develop psy-
chotic symptoms after use of cannabis compared to those who did not grow up in a
city [77].
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Figure 1: Schematic representations of the interaction between effect of exposure to several risk factors
and increasing biological changes resulting in psychotic symptoms , partly adapted from Collip D. et al,
Schizohr Bull 2008 34:220-225.

A : Elevated risk with only genetic vulnerability : more risk on persistence

B : Elevated risk after also early childhood trauma : even more risk on persistence

C : Elevated risk after exposure to also cannabis : highest risk on persistence of subclinical psychotic
symptoms

Clinical implications

The present findings have several clinical implications. What is obvious is that can-
nabis is widely used among young people worldwide, both in developed countries
and in more developing countries. Being exposed to cannabis increases the risk of
psychosis, especially when individuals start to use it at an early age (before 14-15
years) (chapter V)[33, 34]. Therefore, it is important to design specific prevention
programmes aimed at young individuals specifically and to inform them about the
possible risks involved in their cannabis use. Furthermore, special attention should
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be given to those young adolescents who experience subclinical psychotic symp-
toms while using cannabis.

Thus, special attention should be paid to young people within the general popu-
lation who may be at increased risk for psychosis due to i) genetic factors (family
history), ii) existence of subclinical psychotic experiences (is association or without
cannabis use), iii) earlier experience of childhood trauma. Currently, world wide
prevention and intervention programmes are available for young people using ac-
tive methodologies such as interactive learning strategies. For example, in one pre-
vention programme a combination of social resistance skills and general life skills
was taught to junior high school children for at least 2 years. The results of this
study showed that attendance to this programme resulted in a significant reduction
of alcohol, tobacco and marihuana use [107]. Overall, meta-analysis evaluating such
intervention programmes shows initial effectiveness in reducing the amount of
users in cannabis [108, 109]. Effect sizes however prove to be small, possibly due to
methodological difficulties [110]. There is evidence that these prevention pro-
grammes also may be effective with respect to long-term effects after discontinua-
tion of the programme, although evidence is less consistent [111].

As mentioned before, use of cannabis is specifically frequent in patients with a psy-
chotic disorder. In addition, continued use of cannabis among patients has been
found to be associated with a less favourable disease course [49], with more re-
lapses, more positive symptoms and more continuity of the illness [112]. This
stresses the importance for patients with psychosis to reduce their use of cannabis
as early as possible, in order to limit the progression of the disease. For psychiatrists
and other care workers, it is therefore important to inquire routinely about current
and life time drug use. In training psychiatrists and therapists, more attention still
needs to be given to assessment and treatments of the different substances. Studies
on the effectiveness of treatment programs of comorbid substance use in psychotic
patients are sparse. Several studies, however, have shown that programmes in
which motivational interviewing, cognitive behavioural therapy and family interven-
tion are integrated, are probably most effective [113, 114].

Research shows that only a small proportion of childhood traumas are identified by
clinicians [115]. A large proportion of psychiatric patients (46%) report a history of
childhood sexual abuse while only a minority of this is revealed in case notes (14%)
[116]. It is therefore important to assess traumatic life events structurally, specifi-
cally in patients who use cannabis on a regular basis. This thesis shows that envi-
ronmental factors enhancing the risk for psychosis by interacting with each other.
Treatment should therefore aim at an integrated approach where attention is given
to both diminishing cannabis use and treating trauma, while at the same time fo-
cussing on psychotic symptoms. A recent study in which this approach was used,
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showed that motivational interviewing for substances use in combination with indi-
vidual and family cognitive behavioural therapy, was effective [117]. This thesis
confirms the importance of combined treatment for people with a psychotic disor-
der since several environmental risk factors are intertwined in the disease and need
to be treated concurrently with the psychotic symptoms.

Directions for future research

To conclude, the aim of this thesis is not to understand the full complexity of inter-
action between environmental factors in the risk of psychosis. This thesis confirms
that cannabis is an important risk factor in psychosis world wide, whereby exposure
to cannabis in combination with traumatic experiences during childhood trauma,
increases this risk even more. For future research, it can be concluded that more
research on the cross sensitization trauma — cannabis is needed. Our findings of
interaction between early traumatic experiences and later cannabis use in two in-
dependent population-based samples (chapter VI) need to be further replicated in
larger samples of adolescents, given the low incidences of childhood trauma. These
studies should use a prospective design so possible retrospective bias can be
avoided and the risk for environment — environment correlation is less. Therefore it
would be interesting to conduct birth cohort studies where (early) traumatic experi-
ences can be registered, age of initiation of cannabis use, dosage of use, frequency
of use and the occurrence of psychotic symptoms are measured. In these studies, it
can also be thought to use imaging techniques since it can be very useful to meas-
ure the degree of occupation of B1 receptors in an attempt to learn more of the
effect of cannabis at different ages of initiation of use.

With these last findings, maybe more can be learned about whether the moderating
effect of early exposure to cannabis is caused by longer duration of the exposure, or
by exposure during a critical developmental phase (i.e. adolescence).

Another future study to test the interaction between stress and cannabis in the risk
of developing psychosis can be to study several groups of healthy volunteers.
Healthy volunteers are exposed to daily stress (tasks that enhance stress) and/ or
use THC at the same time and compare them to volunteers who have not been
exposed to THC and have been exposed to solely stress. Their reactions can be as-
sessed at a behavioural level (symptoms) but also using imaging techniques is rec-
ommended, so more is learned again on biological processes.

It is also important that future research investigates the specific biological mecha-
nisms of how cannabis and trauma interact in causing psychotic symptoms. The
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acute and long term effects of THC on dopaminergic neurotransmission needs to be
further investigated, not only in animals but also in humans. These investigations
should not only focus on THC, but also on the component cannabidiol (another
constituent of cannabis), since recent research shows that this component can have
an opposite effect and blocks the psychotogenic effect of THC [118] and reduces
subjective anxiety [119].

The interaction between childhood trauma and cannabis use on psychosis risk need
to be further explored, not only on the dopaminergic system but future research
may wish to use more precise measurements to rate the specific type of trauma
using biological markers of stress (e.g. diurnal cortisol levels) as well to further de-
termine which specific type of trauma increases psychosis risk. In addition, other
environmental factors need to be investigated, in order to determine whether they
interact with cannabis as well to cause psychosis, for example urbanicity [120] or
discrimination [121].

Concluding word

From this thesis, it can be concluded that cannabis is an independent risk factor in
the development of psychosis. The fact that the psychotogenic effect of cannabis
were also found in non western societies reinforces the strength of the cannabis —
psychosis association.

Cannabis use at a young age is especially associated with an elevated risk for
psychosis. Cannabis use also increases the risk of experiencing subclinical psychotic
symptoms. In addition, it was shown that for individuals who have been exposed to
trauma earlier in life and then use cannabis later during adolescence, the risk of
developing psychosis is much higher than in adolescent cannabis users who were
not exposed to childhood trauma. A process of cross-sensitization has been pro-
posed to underlie this finding, probably through mediation of a hypersensitive
mesolimbic dopamine system. This implies that the aetiology of psychosis is charac-
terized by a complex set of interactions between multiple genetic and environ-
mental factors that may act from very early in development onwards. Exposure to
environmental factors later in life (like use of cannabis) may then further enhance
the psychosis vulnerability by promoting persistence of subclinical psychotic experi-
ences, finally leading to the development of clinical psychosis.
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Over the past two decades, research after and insight in the causal mechanisms
underlying psychotic disorders has increased significantly. Multiple environmental
and genetic factors have now been identified that are involved in the development
of psychotic symptoms and illnesses. This thesis, cross-cultural studies on adoles-
cent cannabis use and psychosis, investigates the association between adolescent
cannabis use and risk on developing psychosis. Exposure to cannabis, especially its
psychotogenic part A-9-tetrahydrocannabinol (THC), has been shown to increase
the risk for psychosis. This thesis confirms that cannabis is one of these environ-
mental factors that increase psychosis risk, where this thesis investigates this asso-
ciation in a broader perspective by investigating this association in a developing
country, Trinidad. More specifically, the results presented in this thesis confirm that
cannabis is the most widely used illicit substance worldwide, especially among
young adolescents, both in western and non-westerns societies.

Only a minority of cannabis users however, develop psychosis, which suggests
that cannabis is neither a sufficient nor a necessary cause, but is maybe a compo-
nent cause that impacts on the risk to develop psychotic symptoms in co-
dependence with other factors. Another aim of this thesis therefore is to investigate
the interaction of early childhood trauma with later cannabis use on the risk on
psychosis. This thesis combines descriptive (chapter Ii, Ill), observational (chapter V)
and epidemiological (chapter VI) studies.

Chapter | describes the etiology and phenomenology of psychosis. It describes the
short and long term effects of cannabis and its psychoactive component A-9-
tetrahydrocannabinol by summarizing and mentioning different studies who show
this short and long term effect of cannabis on psychotic symptoms. Another envi-
ronmental risk factor is thought to be early childhood trauma, and an overview of
literature on childhood trauma as a risk factor for developing psychosis is pre-
sented.

In this thesis, studies are done in Trinidad and Tobago, a developing country
and a non-western society. Cultural aspects of research on psychosis are described
and examined. Its importance is emphasized since more information on the preva-
lence of psychosis, and possible differences in this, may give more information on
the role of culture specific environmental factors that moderate the risk for psycho-
sis. In this chapter, studies on adolescence and appearance of psychotic symptoms
are further described since cannabis use is prevalent among young people. Adoles-
cence and early adulthood appear to be critical periods for development of the
brain where exposure to toxic substances like cannabis, may cause changes in,
amongst other things, the frontal cortex of the brain. It is argued that the cannabi-
noid 1 (CB1) receptors, where endogenous cannabinoids bind, are involved. This
cannabinoid system is involved in regulation of the dopamine system, and dysregu-
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lation of this dopaminergic system is supposed to be involved in the etiology of
psychosis.

Chapter Il investigates the lifetime and current use of cannabis and alcohol in two
contrasting school systems in Trinidad. This is done in order to investigate possible
differences in patterns of use in a developing country and a non-western society.
Cannabis use is prominent in these different schools in Trinidad (including govern-
mental schools and schools aimed at practicing with more children present with
learning disabilities). The lifetime prevalence of cannabis is shown to be high in
Trinidad, with no statistical differences in the two different school systems. It is
shown that one at three children in Trinidad have used cannabis at least once in
their life’s. Current cannabis use is shown to be high in vocational schools (one at 4)
where in governmental schools this is more low (one at 20). A possible explanation
for this are the differences in the school systems and therefore the kind of adoles-
cents who attend these schools. Children in Trinidad seem to start using cannabis at
a young age: a mean age of first cannabis use is found to be around 13 years. So,
this study provides insight into use of cannabis in young people in a non-western
society within a broader range of school types. This study shows that use of canna-
bis is also very common in non-western societies and it shows that these rates are
comparable with the more investigated, western-societies. Since cannabis is shown
to be psychotogenic and since cannabis is also associated with other psychiatric
symptoms, like mood symptoms and suicidal thoughts, these findings emphasizes
the importance of decreasing the use of cannabis in young people, worldwide.

Chapter Il investigates the hypothesis that cannabis is not only involved in psy-
chotic symptoms, but that exposure to cannabis may also result in more affective
symptoms like depressive and manic symptoms. In this descriptive study, data are
collected from ambulatory psychiatric patients in Trinidad, and five cases with dif-
ferent patterns of cannabis use are described. The clinical, phenomenological, pres-
entations of psychiatric symptoms appear to be determined by dosages, frequency,
duration of cannabis use and also use of other drugs than cannabis. It is shown that
exposure to cannabis during early and late adolescence can result in different kind
of symptoms like anxiety-, mood- and psychotic symptoms and also suicidal idea-
tion. This chapter shows the prevalence of different kind of psychiatric symptoms in
users of cannabis in this developing country where not only psychotic but also affec-
tive symptoms and suicidal thoughts are common findings in cannabis users in
Trinidad and Tobago. It supports the hypothesis of the existence of a continuum in
psychosis. In this continuum model, psychiatric symptoms are not considered to be
present as an all or none phenomenon but are instead present in the general popu-
lation along a continuum, as so called subclinical experiences. These subclinical
psychotic experiences seem to be milder forms of expression of psychosis and seem
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to share the same risk factors as clinical psychosis. It is thought that exposure to
different (environmental) risk factors can result in an individual to move from sub-
clinical symptoms to more clinical symptoms. For example, the expression of symp-
toms after exposure to cannabis seems in this study determined by the different
patterns of cannabis use. So it seems that genetic and environmental (risk) factors
may interfere and finally determine the kind of symptoms one individual develops
after using cannabis.

Chapter IV further investigates the above-mentioned hypothesis of the continuum
of psychosis. It is thought that subclinical psychotic experiences can be measured in
the general population and mostly self-report instruments are used for this. The aim
of this chapter is to investigate reliability and stability of the Community Assess-
ment of Psychic Experiences (CAPE42), a scale to investigate psychotic experiences
in the general population. For this study, data on a longitudinal family study in the
general population in a city in the Netherlands are used. At different time points,
different scales (CAPE, Structured Interview for Schizotypy Revised (SIS-R) and Brief
Psychiatric Rating Scale (BPRS)) are used to measure psychotic symptoms (at T1:
only CAPE is used, at T2: CAPE, SIS-R, BPRS). The reliability and stability of the CAPE
dimensions is tested by applying linear regression analyses of the different CAPE
dimensions at these two different time points. The effect sizes for this internal sta-
bility are shown to be high (0.6-0.8). These high scores indicate that the self re-
ported dimensions of the psychotic experiences at baseline (T1) are strongly associ-
ated with the same dimensions at follow-up (T2), implying a good reliability of the
CAPE.

The validity of the CAPE is tested by examining the associations between di-
mension of the CAPE at T1 and dimensions of the two already validated interview
based scales: SIS-R and BPRS at T2. It is shown that these baseline self-reported
positive and negative dimensions of the CAPE are associated in a dose-response
fashion with the two scales at follow up, indicating a good validity for the CAPE. So,
it is concluded that the CAPE is well applicable as a self-report instrument to assess
different dimensions of psychotic experiences in the general population and it ap-
pears to be a stable, valid and reliable instrument.

Chapter V describes a population based, cross-sectional study that was carried out
in Trinidad as well. Here scholars (aged 12 — 23 year) are asked to complete ques-
tionnaires on use of cannabis and age of onset and they also filled in the CAPE. It is
found that individuals, who had started to use cannabis before the age of 14, had a,
statistically significant, increased risk to develop psychotic symptoms. This statisti-
cally significant finding also remains after adjusting for possible confounding factors
like age, school type, ethnicity, sex, current use of cannabis and use of other drugs.
This increased risk is not observed for the individuals who start to use cannabis after
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the age of 14 years. The results of this study, in this non-western society, confirms
two earlier epidemiological studies (in well-developed countries) that early onset of
cannabis use is associated with a greater risk to develop psychotic symptoms than
later onset of use. These studies all imply that the risk of exposure to cannabis may
be of developmental nature where age of use of cannabis is important and early use
of cannabis may impact differently on the brain, with more detrimental impact with
earlier use.

It is described in this chapter that indications for this hypothesis of different
detrimental impact on the brain can be found in animal studies, where exposure to
THC induce behavioural and cognitive changes in rats in their puberty but not in
adult rats. Again the endocannabinoid and dopamine system are mentioned as
possible explanation for the existence of such a vulnerable period. Especially during
puberty synaptic dopamine activity in the prefrontal cortex (which is an important
area since it seems involved in the etiology of psychosis) changes and this area is
vulnerable for toxic factors like cannabis.

Chapter VI describes an epidemiological study of two different data sets (the Greek
National Perinatal Study and the Dutch NEMESIS study) to investigate that exposure
to different environmental risk factors may enhance the risk to develop psychosis
far more compared to exposure to one risk factor. For this, in these two different
data sets, the elevated risk for psychosis is calculated for individuals who have ex-
perienced early childhood maltreatment combined with or without later exposure
to cannabis. It was found that an interaction between childhood maltreatment and
later cannabis use is evident and this also shows statistical significance. So individu-
als who have experienced early childhood trauma and who use cannabis later in
their lives, show a greater risk for developing psychotic symptoms compared to
those who are either exposed alone to cannabis and early trauma or who are ex-
posed to neither. It is unlikely that processes like mediation (traumatized young
people have a higher risk of starting to use cannabis) play a significant role because
only in the Dutch NEMESIS study and not in the Greek study, there is a significant
but small association between childhood trauma and later cannabis use. These
findings are in accordance with two other studies where interaction between child-
hood trauma and early cannabis use is also reported. In this chapter, the model of
cross-sensitization is presented and further explored as possible mechanism for
these findings. In this model, people become increasingly sensitive to the toxic ef-
fects of e.g. cannabis after exposure to childhood trauma. Proof for the model of
(cross)sensitization is found in different animal studies and studies on other drugs
use and these studies are described in this chapter. Also studies on cannabis suggest
this mechanism where longer exposure to cannabis increases the risk for psychosis
in a dose-response fashion suggesting this role of sensitization. The current finding
that the psychosis-inducing effects of cannabis are moderated by early experience
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of childhood maltreatment suggests that cross-sensitization between stress and
cannabis is involved in shaping risk for psychotic symptoms.

In chapter VII, the results of this thesis, including the data from the mentioned stud-
ies, are discussed and further integrated. Emphasis is given to the adolescent pe-
riod, but also on cross-cultural aspects and an attempt is made to describe a model
to explain the pathway from cannabis use to psychosis. The chapter finishes with
clinical implications as well as some directions for future research.
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CHAPTER IX
Samenvatting
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In de afgelopen twee decennia, is onderzoek naar en inzicht in de oorzakelijke me-
chanismen die aan psychotische belevingen ten grondslag liggen, beduidend geste-
gen. Er zijn verschillende omgevings- en genetische factoren geidentificeerd die bij
de ontwikkeling van psychotische symptomen en ziekten betrokken zijn. Dit proef-
schrift “cross cultural studies on adolescent cannabis use and psychosis” onder-
zoekt het verband tussen cannabis gebruik tijdens de adolescentie en risico op ont-
wikkelen van psychose. Er is aangetoond dat blootstelling aan cannabis, en dan met
name zijn psychoactieve component A-9-tetrahydrocannabinol (THC), het risico
verhoogt op ontstaan van psychose. Dit proefschrift bevestigt dat cannabis inder-
daad één van de omgevings-risicofactoren is die het risico op psychose verhoogt,
waarbij dit proefschrift dit verband in een breder perspectief brengt door het te
onderzoeken in een minder ontwikkeld land, Trinidad. Verder bevestigt dit proef-
schrift dat cannabis het meest gebruikte illegale drugs is wat wereldwijd wordt
gebruikt, met name onder jonge mensen, zowel dus in Westerse als niet Westerse
maatschappijen.

Slechts een minderheid van de mensen die cannabis gebruiken, ontwikkelen
echter een psychose, wat betekent dat gebruik van cannabis niet voldoende is of
noodzakelijk is om psychotische symptomen te ontwikkelen. Cannabis kan een
deeloorzaak zijn in het risico voor psychotische symptomen waarbij het afhankelijk
is van andere factoren. Een ander doel van dit proefschrift is dan ook om de interac-
tie van vroeg kinderlijke traumatische belevingen en later cannabis gebruik en het
risico op psychose verder te onderzoeken. Dit proefschrift combineert beschrijven-
de (hoofdstuk Il en Ill), observationele (hoofdstuk V) en epidemiologische (hoofdstuk
VI) studies.

Hoofdstuk I beschrijft de etiologie en fenomenologie van psychose. Het beschrijft
de korte en lange termijn effecten van cannabis en zijn psychoactieve component A-
9-tetrahydrocannabinol (THC) waarbij verschillende studies die deze korte en lange
termijn effecten van cannabis op psychose laten zien, worden samengevat en be-
sproken.

Traumatische ervaringen in de vroege kindertijd worden daarbij gezien als een
andere omgevings- risicofactor bij psychose. Een samenvatting van de literatuur
over traumatische ervaringen in de kindertijd als risicofactor voor psychose wordt
dan ook in dit hoofdstuk beschreven. In dit proefschrift, worden studies besproken
die uitgevoerd zijn in Trinidad en Tobago, een ontwikkelend land en een niet Wes-
terse samenleving. Culturele aspecten van onderzoek naar psychose worden verder
beschreven en onderzocht. Het belang hiervan wordt benadrukt aangezien meer
informatie over de prevalentie van psychose en mogelijke verschillen hierin, meer
informatie kunnen geven over de rol van cultuur specifieke omgevingsfactoren en
hun risico op psychose. In dit hoofdstuk worden verder studies beschreven over
adolescenten en het hebben van psychotische symptomen aangezien cannabis
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gebruik vaak voorkomt onder adolescenten. Deze adolescentie periode en jonge
volwassenheid lijken cruciale periodes voor de ontwikkeling van de hersenen waar
blootstelling aan giftige stoffen zoals cannabis, kan resulteren in veranderingen in
met name de frontale cortex van de hersenen. Het lijkt erop dat in dit proces de
cannabinoid receptoren (CB1) , waar endogene cannabinoiden aan binden, betrok-
ken zijn. Dit cannabinoid systeem is betrokken in het regelen en dysreguleren van
het dopamine systeem en daarmee betrokken bij de etiologie van psychose.

Hoofdstuk Il onderzoekt het gebruik tijdens het leven van cannabis en alcohol en
huidig gebruik van cannabis en alcohol in twee verschillende schoolsystemen in
Trinidad. Dit is gedaan om zo eventuele verschillen in de patronen van gebruik in
een niet westerse en westerse maatschappij verder te onderzoeken. Het bleek dat
gebruik van cannabis in de verschillende schoolsystemen in Trinidad (met inbegrip
van zowel openbare scholen als scholen die meer gericht zijn op de praktijk en waar
bijvoorbeeld kinderen met leerproblemen aanwezig zijn) veel voorkomt. Cannabis
gebruik tijdens het leven is hoog in Trinidad, waarbij er geen statistische verschillen
werden gezien in deze prevalentie tussen beide schoolsystemen. In dit hoofdstuk
wordt aangetoond dat één op de drie kinderen in Trinidad minimaal één keer in
zijn/ haar leven cannabis heeft gebruikt. Het huidig gebruik van cannabis is hoog in
de meer praktijd gerichte scholen (1 op 4) terwijl het huidig gebruik van cannabis
veel lager is in de openbare scholen (1 op 20). Een mogelijke verklaring voor deze
verschillen in de twee schoolsystemen is het type adolescenten wat de scholen
bezoeken (kinderen met leerproblemen). Kinderen in Trinidad gebruiken cannabis
op jonge leeftijd : de gemiddelde leeftijd van cannabis gebruik is ongeveer 13 jaar.
Dus, deze studie geeft meer inzicht in het gebruik van cannabis bij jonge mensen in
een niet Westerse samenleving, binnen de verschillende schoolsystemen. Deze
studie laat zien dat gebruik van cannabis ook veel voorkomt in en niet Westerse
samenleving en het laat zien dat de getallen van prevalentie vergelijkbaar zijn met
de meer onderzochte, Westerse samenlevingen. Aangezien het aangetoond is dat
cannabis gebruik kan leiden tot psychose en aangezien cannabis ook geassocieerd
wordt met andere psychiatrische symptomen, zoals stemmingsproblemen en suici-
dale gedachten, benadrukken onze bevindingen het belang van verminderen van
cannabis gebruik door jongeren, over de hele wereld.

Hoofdstuk Ill onderzoekt de hypothese dat cannabis niet alleen betrokken is bij
psychotische symptomen, maar ook dat blootstelling aan cannabis kan leiden tot
meer affectieve symptomen zoals depressieve en manische symptomen. In deze
beschrijvende studie, worden data van ambulante psychiatrische patiénten in Trini-
dad verzameld en er worden vijf casussen beschreven met verschillende patronen
van cannabis gebruik. De klinische, fenomenologische, presentaties van psychiatri-
sche symptomen lijken te worden bepaald door doses, frequentie en duur van ge-
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bruik van cannabis en ook door bv ander drugs gebruik. Het blijkt dat blootsteling
aan cannabis gedurende vroeg en late adolescentie kan leiden tot verschillende
symptomen zoals angst- stemmings- en psychotische klachten en ook suicidale
ideaties. Dit hoofdstuk laat de prevalentie van verschillende soorten psychiatrische
symptomen zien onder cannabis gebruikers in dit ontwikkelend land waarbij niet
alleen psychotische symptomen maar ook dus affectieve symptomen en suicidale
gedachten voorkomen bij gebruik van cannabis. Dit ondersteunt de hypothese van
het bestaan van een continuiim bij psychose. In dit continuim model gaat men
ervan uit dat psychotische symptomen niet in een alles-of-niets fenomeen bestaan
maar dat ze ook aanwezig zin in de normale bevolking in een continuiim van ernst ,
in zogenaamde subklinische ervaringen. Deze subklinische psychotische ervaringen
zijn mildere vormen van de expressie van psychose en delen dezelfde risicofactoren
als een klinische psychose. Men denkt dat blootstelling aan verschillende (omge-
vings-) risicofactoren ertoe kan leiden dat een individu van meer subklinische psy-
chotische belevingen naar meer klinische symptomen kan gaan. Bijvoorbeeld de
expressie van symptomen nadat iemand blootgesteld is aan cannabis lijkt in deze
studie te worden bepaald door de verschillende patronen in cannabis gebruik. Dus
het lijkt erop dat genetische en omgevingsrisicofactoren met elkaar interfereren en
uiteindelijk bepalen welke symptomen een individu ontwikkelt nadat hij cannabis
gebruikt.

Hoofdstuk IV onderzoekt de bovengenoemde hypothese van een continuim bij
psychose. Hierbij gaat men ervan uit dat subklinische psychotische ervaringen in de
algemene bevolking gemeten kunnen worden en meestal worden hier zelfrapporta-
ges voor gebruikt. Het doel van dit hoofdstuk is om de betrouwbaarheid en stabili-
teit van de Community Assessment of Psychic Experiences (CAPE42) te onderzoeken
: een lijst om psychotische ervaringen binnen een normale bevolking te onderzoe-
ken. Voor deze studie zijn data van een longitudinale familie studie in de algemene
bevolking in een Nederlandse stad gebruikt. Op verschillende tijdstippen, worden
verschillende lijsten (CAPE, Structured Interview for Schizotypy Revised (SIS-R) and
Brief Psychiatric Rating Scale (BPRS)) gebruikt om psychotische symptomen te me-
ten (op T1 : alleen de CAPE, op T2 : CAPE, SIS-R, BPRS). De betrouwbaarheid en
stabiliteit van de CAPE dimensies wordt onderzocht door het toepassen van lineaire
regressie analyse van de verschillende CAPE dimensies over de twee verschillende
tildsmomenten. Het blijkt dat de interne stabiliteit hoog is (0.6-0.8). Deze hoge
scores betekenen dat de zelf gerapporteerde dimensies van psychotische ervarin-
gen op de eerste meting (T1) sterk gerelateerd zijn met dezelfde dimensies bij de
latere vervolg meting (T2), wat een goede stabiliteit van de CAPE impliceert.

De betrouwbaarheid van de CAPE wordt onderzocht door de associaties van de
dimensies van de CAPE op T1 en de dimensies van de twee al betrouwbare, op in-
terview gebaseerde, schalen, SIS-R en BPRS op T2 te vergelijken. Deze zelf gerappor-
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teerde positieve en negatieve dimensies van de CAPE laten een associatie zien, op
een dosis-respons manier, met de twee schalen later wat een goede betrouwbaar-
heid voor de CAPE betekent.

Dus er kan geconcludeerd worden dat de CAPE een goed bruikbaar instrument
is om verschillende dimensies van psychotische ervaringen in kaart te brengen in de
algemene bevolking en het blijkt een stabiele, valide en betrouwbaar instrument te
zijn.

Hoofdstuk V beschrijft een cross sectioneel onderzoek in de algemene bevolking dat
ook in Trinidad werd uitgevoerd. Scholieren (1223 jaar oud) werden gevraagd een
vragenlijst in te vullen waarbij gevraagd werd naar gebruik van cannabis, leeftijd van
starten met cannabis en ook vulden ze de CAPE in. Het bleek dat scholieren die voor
hun 14° jaar waren begonnen met het gebruiken van cannabis, een statistisch signi-
ficant verhoogd risico hadden op het ontwikkelen van psychotische symptomen.
Deze statistische significantie bleef ook bestaan nadat gecorrigeerd werd voor even-
tuele andere factoren zoals leeftijd, schooltype, etniciteit, geslacht, huidig gebruik
van cannabis en gebruik van andere soorten drugs. Het verhoogd risico werd niet
gezien in de personen die begonnen met het gebruik van cannabis na hun 14° jaar.
De resultaten van deze studie, in deze niet Westerse samenleving, bevestigt twee
recente epidemiologische studies (in goed ontwikkelde landen) dat vroeg gebruik
van cannabis geassocieerd is met een groter risico in het ontwikkelen van psychoti-
sche symptomen in vergelijking met later gebruik van cannabis. Al deze studies
impliceren dat het risico van gebruik van cannabis ontwikkelingsgevoelig is, waarbij
leeftijd van gebruik van cannabis belangrijk is en waarbij cannabis gebruik op vroege
leeftijd een andere impact kan hebben op de hersenen, met meer schade wanneer
er dus vroeg wordt gebruikt.

In dit hoofdstuk worden verdere aanwijzingen voor deze hypothese van ver-
schillend impact op de hersenen met verschillende leeftijd van gebruik beschreven
aan de hand van dieren studies, waar blootstelling aan THC leidt tot gedrags- en
cognitieve problemen in ratten in hun pubertijd maar niet bij volwassen ratten. Als
mogelijke verklaring voor het bestaan van zo’n kwetsbare periode wordt opnieuw
het endocannabinoid en dopamine systeem besproken. Met name gedurende de
pubertijd verandert de synaptische dopamine activiteit in de prefrontale cortex (wat
een belangrijk gebied is aangezien het direct betrokken lijkt bij de etiologie van
psychose) en dit gebied is kwetsbaar voor toxische factoren als cannabis.

Hoofdstuk VI beschrijft een epidemiologische studie van twee verschillende data
sets (de Griekse Perinatal Study en de Nederlandse MEMESIS studie) om zo te on-
derzoeken of blootstelling aan verschillende omgevings- risicofactoren het risico op
het ontwikkelen van psychose veel meer verhoogt in vergelijking met blootstelling
aan één risicofactor. Daarom werden, in deze twee verschillende data sets, het

116



verhoogd risico op psychose berekend bij alle personen die vroeg kinderlijke trau-
matische ervaringen (mishandeling) hadden meegemaakt gecombineerd met of
zonder latere blootstelling aan cannabis. Er werd een duidelijke interactie gevonden
tussen mishandeling en later cannabis gebruik en dit was ook statistische significant.
Dus personen die vroeg kinderlijke traumatische ervaringen hebben doorgemaakt
en later in hun leven cannabis gebruiken, laten een veel groter risico zien om psy-
chose te ontwikkelen in vergelijking met personen die of alleen aan cannabis of
vroeg kinderlijke trauma zijn blootgesteld of in vergelijking met die personen die
niet zijn blootgesteld aan beide factoren. Het is niet waarschijnlijk dat processen
zoals “mediation” (getraumatiseerde jonge mensen hebben een groter risico om
cannabis te gebruiken) een significante rol spelen omdat alleen in de NEMESIS stu-
die en niet in de Griekse studie, een significante, maar kleine, associatie kon worden
gevonden tussen trauma op kinderleeftijd en later cannabis gebruik. Deze bevindin-
gen komen overeen met twee andere studies waar ook interactie tussen trauma op
kinderleeftijd en vroeg cannabis gebruik werd gezien. In dit hoofdstuk wordt het
model van “cross-sensitization” besproken en verder onderzocht als mogelijke ver-
klaring voor de bevindingen. In dit model worden mensen toenemend gevoelig voor
de schadelijke effecten van bv cannabis nadat ze blootgesteld zijn aan trauma op
kinderleeftijd. Bewijs voor het model van “(cross)sensitzation” wordt gevonden in
verschillende dieren studies en studies met andere drugs en deze studies worden in
dit hoofdstuk besproken. Er zijn ook studies met cannabis die dit mechanisme sug-
gereren waarbij langerdurende blootstelling aan cannabis het risico voor psychose
verhoogt op een dosisresponse manier wat de rol van sensitisatie suggereert. De
huidige bevinding dat de psychose inducerende effecten van cannabis worden bein-
vloed door vroege ervaringen van kindermishandeling suggereert dat “cross-
sensitzation” tussen stress en cannabis betrokken is bij het vromen van een risico
voor psychose.

In hoofdstuk VII, worden de resultaten van dit proefschrift, inclusief de data van de
genoemde studies, besproken en verder geintegreerd. De adolescentie periode
wordt benadrukt, maar ook de culturele aspecten en er wordt een poging gedaan
om een model te beschrijven om de weg van cannabis naar psychose te verklaren.
Het hoofdstuk eindigt met klinische implicaties met ook aanwijzingen voor toekom-
stig onderzoek.
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