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Replication in two independent population-based
samples that childhood maltreatment and cannabis
use synergistically impact on psychosis risk
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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 y*(3)=8.08, p=0.04].

Conclusions. Cross-sensitivity between childhood maltreatment and cannabis use may exist in pathways that shape
the risk for expression of positive psychotic symptoms.
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Introduction 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.
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(Email: cecile henquet@sp.unimaas.nl) 2010; Arseneault et al. 2011). The pathway through

Cannabis use increases the risk for psychotic outcomes
in a dose-response manner (Henquet et al. 2005;
Semple et al. 2005; Moore ef 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
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which trauma causes psychosis is the subject of in-
creasing investigation (Read et 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 et 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 (n=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 et 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 sulfficiently 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 ef 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
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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 ef 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 CIDI.
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 et 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 TO 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 LINCOM routine. Statistical significance was
assessed by the Wald test. In both studies, all analyses
were a priori adjusted for sex, urbanicity and other
drug wuse. 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 T0 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.) p 95% CI 4 B 95% CI 4
Never
T2 Cannabis — (1 =481) —0.08 (0.93) 0.48 0.05-0.93 0.032 0.55 0.11-0.99 0.015
T2 Cannabis+ (n=19) 0.41 (0.85)
Occasionally
T2 Cannabis — (1=874) —0.04 (0.99) 0.51 0.27-0.75 <0.001 0.55 0.30-0.81 <0.001
T2 Cannabis + (1=66) 0.47 (0.89)
Often
T2 Cannabis— (n=185) 0.06 (1.00) 1.34 0.75-1.93 <0.001 1.46 0.87-2.06 <0.001
T2 Cannabis+ (n=11) 1.40 (1.05)

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

adjustment for cannabis use (B linear trend =0.10, 95%
CI10.01-0.02, 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=10.000).

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 (ii) 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 (5.0. =11.9). Moderate to
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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 [y*(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
T0 maltreatment psychosis psychosis psychosis difference (95 % CI) difference (95 % CI)*
Never
T1/T2 Cannabis — (n=3017) 2873 144 4.8 4.4 (0.5 to 8.4) 1.2 (-2.3 t0 4.6)
T1/T2 Cannabis + (n=217) 197 20 9.2
Mild
T1/T2 Cannabis — (n=1026) 945 81 79 79 (2210 13.6) 4.8 (0.7 to 10.3)
T1/T2 Cannabis+ (n=171) 144 27 15.8
Moderate
T1/T2 Cannabis — (n=239) 189 50 20.9 9.1 (—4.6t022.8) 4.6 (-89 10 18.1)
T1/T2 Cannabis+ (n=>50) 35 15 30.0
Severe
T1/T2 Cannabis — (n=98) 72 26 26.5 36.0 (14.7-57.2) 30.5 (9.4-51.7)
T1/T2 Cannabis + (n1=24) 9 15 62.5

NEMESIS, The Netherlands Mental Health Survey and Incidence Study; CI, confidence interval.
@ 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 ef 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 ef 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
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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
(Marcelis ef 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 et 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).

https://doi.org/10.1017/50033291711000973 Published online by Cambridge University Press

Cannabis, maltreatment and psychosis risk 155
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 ef 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 ef 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 sulffi-
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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