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Cannabis use and childhood trauma interact
additively to increase the risk of psychotic symptoms
in adolescence
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Background. Adolescent cannabis use has been shown in many studies to increase the risk of later psychosis.
Childhood trauma is associated with both substance misuse and risk for psychosis. In this study our aim was to
investigate whether there is a significant interaction between cannabis use and childhood trauma in increasing the
risk for experiencing psychotic symptoms during adolescence.

Method. Psychiatric interviews using the Schedule for Affective Disorders and Schizophrenia for School-Age
Children (K-SADS) semi-structured instrument were carried out with 211 adolescents aged between 12 and 15 years
and their parents as part of a population-based study. The interview enquired about early traumatic events, cannabis
use and psychiatric symptoms in adolescence.

Results. In separate analyses both cannabis use and childhood trauma were significantly associated with risk of
experiencing psychotic symptoms. However, the presence of both childhood trauma and early cannabis use
significantly increased the risk for psychotic symptoms beyond the risk posed by either risk factor alone, indicating
that there was a greater than additive interaction between childhood trauma and cannabis use.

Conclusion. Our finding of a greater than additive interaction between childhood trauma and cannabis use may
have implications for the identification of individuals at high risk of experiencing psychotic symptoms. For example,
measures to actively discourage or intensively treat cannabis use in children and adolescents who have experienced
abuse may help to prevent the development of psychosis in this vulnerable group. Our findings require replication in
larger samples to confirm this interaction effect.
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Introduction most notably psychotic disorders (Arseneault et al.
2004 ; Moore et al. 2007), although it is a matter of some
debate whether the relationship is causal in nature
(Macleod et al. 2004, 2006).

Recent studies have shown that childhood trauma
is a risk factor for the development of schizophrenia
(Read et al. 2005; Morgan & Fisher, 2007; Bendall
et al. 2008) and psychotic symptoms (Bak et al. 2005;
Kelleher et al. 2008). It has also been shown that
childhood trauma increases the risk of substance mis-
use in adolescence and adulthood (De Bellis, 2002;
Gordon, 2002). Taken together, these strands of evi-
dence point to the possibility that childhood trauma
may have a role to play in the association between

Cannabis use has been increasing over the past few
decades (Gledhill-Hoyt ef al. 2000) and age at first use
has been decreasing in Western societies (Degenhardt
et al. 2000). There are particular concerns about the
use of cannabis in adolescence as the brain is still de-
veloping (Giedd et al. 1999) and may be vulnerable to
the potentially toxic effects of cannabis (Arseneault
et al. 2002; Cannon et al. 2006). Cannabis use has been
found to be associated with mental health problems,
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There is increasing interest in the role of interactions
(gene—environment, gene-gene and environment-
environment) in the aetiology of psychiatric disorders
(van Os & Sham, 2003; Moffitt et al. 2005; Caspi &
Moffitt, 2006; van Os et al. 2008; Clarke et al. 2009).
However, there is some debate about the usefulness of
such findings and the correct model to use for the in-
vestigation of psychiatric outcomes (Risch et al. 2009;
Zammit et al. 2009). Predictions can be modelled on
either additive or multiplicative scales. A multiplicat-
ive model assumes that risks multiply in their effect.
An additive model assumes that individuals can de-
velop the outcome of interest from either of the risk
factors acting alone and tests for positive deviations
from additivity (superaddivity) that indicate the
presence of synergy. The additive model is considered
to be the more meaningful model in psychiatric epi-
demiology, where diseases usually have complex
multifactorial aetiologies (Darroch, 1997; van Os &
Sham, 2003; Schwartz & Susser, 2006).

In this study we aimed to investigate whether the
presence of both childhood trauma and early cannabis
use increases the risk of experiencing psychotic
symptoms in adolescence beyond that expected if each
risk factor were working independently. The import-
ance of psychotic symptoms in childhood and ado-
lescence lies in mounting evidence that they are a risk
marker for later psychotic illness (Poulton ef al. 2000;
Scott et al. 2008).

Method
Participants

The ‘Challenging Times’ study (Lynch et al. 2004,
2006; Mills et al. 2004) was established to investigate
the prevalence of psychiatric disorders among Irish
adolescents aged 12-15 years in an urban environ-
ment. The study was carried out in the geographical
catchment area of a Child and Adolescent Mental
Health Team in North Dublin with a population of
137000. Participating schools were selected using a
stratified random sampling technique, stratified ac-
cording to the approximate socio-economic class of the
school to approximate to the geographical area popu-
lation. In brief, 743 pupils in eight mainstream schools
(52% of the total school population in that area) were
screened for psychiatric symptoms using the Strengths
and Difficulties Questionnaire (SDQ), which assesses
emotional symptoms, conduct problems, hyper-
activity /inattention, peer relationship problems, and
prosocial behaviour (Goodman, 1997; Goodman et al.
2000). The Children’s Depression Inventory (CDI),
which assesses cognitive, affective and behavioural
signs of depression, was also used (Kovacs, 1985).

After complete description of the study to the subjects,
written informed consent was obtained from their
parent or guardian. One hundred and forty ado-
lescents scored above threshold on these instruments,
indicating high risk of having mental health problems.
Adolescents were included in this “at-risk” category
if they scored in the clinical range on the CDI and/or if
they scored in the clinical range on the SDQ, and/or if
they ticked ‘I want to kill myself” on item 9 of the CDI.
Of these 140 adolescents, 117 (83.6 %) agreed to attend
for full psychiatric interview. A comparison group of
173 adolescents, matched for gender and school, were
also invited to attend, of whom 94 (54 %) agreed.
Ethical approval for the study was granted by the
Medical Ethics Committee of the Mater Misericordiae
University Hospital, Dublin, Ireland. The study
was supported by the multi-disciplinary Child and
Adolescent Mental Health Service covering the geo-
graphical area. The protocol ensured that any ado-
lescent who was deemed to be in need of a clinical
service could be referred to the appropriate team.

Interview instrument

The interview schedule used in this study was the
Schedule for Affective Disorders and Schizophrenia
for School-Age Children, Present and Lifetime
Versions (K-SADS-PL; Kaufman et al. 1996). The
K-SADS is a well-validated semi-structured research
diagnostic interview for the assessment of all Axis-I
psychiatric disorders in children and adolescents.
Children and parents were interviewed separately,
both answering the same questions about the child.
Interviews were conducted by one psychiatrist or two
psychologists who were trained in the use of the
K-SADS. Inter-rater reliability for the K-SADS was es-
timated as over 90% in this study (Lynch et al. 2006).

Psychotic symptoms

Axis I psychiatric diagnoses according to DSM-IV
(APA, 1994) were determined using the K-SADS semi-
structured interview with adolescents and parents or
guardians. The Psychosis section of the K-SADS asks
about the child’s experience of hallucinations and
delusions not occurring during acute intoxication with
a substance. Responses to these questions were re-
corded on the interview sheet. Three psychiatrists
(MH., FL. and M.C.) and one psychologist (LK.)
examined these responses and concurred that the
symptoms seemed genuine in content.

Measurement of substance misuse

During the interview, in the Substance Misuse section
of the K-SADS, both adolescent and parent were asked
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whether the adolescent had ever used cannabis. If the
answer was yes, then frequency of use in the past
6 months and frequency ever were recorded. Cannabis
use was defined as ever having used cannabis.

Measurement of childhood trauma

As part of the K-SADS interview the following child-
hood traumatic experiences were assessed. Interviews
were conducted with parents and adolescents separ-
ately.

Childhood abuse. Both child physical abuse and child
sexual abuse were assessed as part of the K-SADS in-
terview. Adolescents were asked a series of questions
in relation to physical or sexual abuse. Parents were
asked the same questions appropriately modified.
A disclosure of physical or sexual abuse from the
parent was taken as evidence of a history of child
abuse, regardless of whether it was also disclosed by
the child. There were no cases where the parent dis-
puted the occurrence of abuse that had been disclosed
by the child.

Domestic violence. Exposure to domestic violence was
assessed in the Post-Traumatic Stress Disorder section.
Adolescents and their parents were separately asked
the same questions. A disclosure of domestic viol-
ence from the parent was taken as evidence of viol-
ence between parents/step-parents. There were no
cases where the parent’s report of the occurrence
of domestic violence disagreed with that disclosed
by the child or vice versa. Childhood trauma was de-
fined as a history of physical abuse, sexual abuse,
witnessing domestic violence or any combination of
these.

Socio-economic status (SES) and family history

SES of each study participant was determined using
parental occupation assessed according to the Irish
Social Class Scale (Central Statistics Office, 1996). We
divided the sample into two major groups according
to social class: the first group contained SES groups
1 and 2 (professional/managerial) and the second
group contained SES groups 3-7 (non-manual skilled,
skilled manual, semi-skilled manual, unskilled man-
ual, and unemployed). The K-SADS interview in-
cludes a routine screening section for family history of
psychiatric illness, which was used in the present
study. Family psychiatric history included history of
affective disorders, anxiety disorders, psychotic and
substance use disorders in a first- or second-degree
relative.

Statistical analysis

An additive model of interaction assumes that risks
add in their effects so that results over and above
additivity indicate synergy. However, when examin-
ing the interaction of two risk factors, it is important to
note that some individuals can develop disease from
either one of the two risk factors under study alone;
this phenomenon is termed parallelism and it reduces
the measure of the exposures’ combined effect. An
additive model of interaction therefore includes the
supperadditive effect of the interaction of two causal
partners, and the subadditive effect of parallelism. The
details of the analysis are as follows: if we have
two risk factors for psychosis A and B, there are four
possible exposure states, each carrying a specific risk.
Therefore, the risk in those exposed to neither A nor B
is R; the risk in those exposed to A only is R(A), the
risk in those exposed to B only is R(B), and the risk in
those exposed to both is R(AB). On the additive scale,
the effect of a risk factor is expressed as a risk dif-
ference. We can therefore express the effect associated
with A as R(A)—R, with B as R(B)—R and with AB
exposure as R(AB)—R. The excess of the combined
effect over the sum of the solitary effects of A and B is
R(AB) —R(A) —R(B) +R; this represents the statistical
additive interaction.

We wanted to examine for additive interaction
rather than multiplicative interaction in this study
(Darroch, 1997; van Os & Sham, 2003; Cougnard et al.
2007). Because of the case-control design of the
Challenging Times study, however, it was not possible
to estimate the baseline risk of disease and use risk
differences in this analysis. Schwartz & Susser (2006)
have described a method whereby estimates from a
multiplicative model can be used to assess interaction
on an additive scale. This adaptation allows the use of
odds ratios (ORs) instead of risk differences. In this
study, we used logistic regression for the initial
analyses and translated these to look at interaction on
an additive scale using an interaction contrast ratio
method (Rothman & Greenland, 1998; Schwartz &
Susser, 2006). This ratio is calculated as: R(AB)—
R(A)—R(B)+1.

In brief, we stratified our data into four categories:
(1) no exposure to cannabis use or childhood trauma
[R], (2) exposure to cannabis use only [R(A)], (3) ex-
posure to childhood trauma only [R(B)], and (4) ex-
posure to both cannabis use and childhood trauma
[R(AB)]. The outcome measure was self-reported psy-
chotic symptoms. The ORs for groups 2, 3 and 4 were
calculated using group 1 as baseline. The ORs were
then used in the standard formula for calculating an
interaction contrast ratio. The interaction contrast ratio
divided by the OR in those exposed to both risk factors
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Table 1. Risk of psychosis associated with childhood trauma and cannabis use as main

effects

Total Psychosis Unadjusted OR Adjusted OR?
Risk factor no. 1 (%) (95% CI) (95% CI)
Trauma 24 5(21) 5.20 (1.6-17.1) 6.16 (1.65-23.1)
Cannabis 18 4(22) 5.23 (1.4-18.8) 4.32 (1.1-17.3)

OR, Odds ratio; CI, confidence interval.

@ Adjusted for gender, age, socio-economic status and family psychiatric history.
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Fig. 1. Percentage of adolescents with psychotic symptoms
(@) in each risk exposure category.

can be interpreted as the proportion of disease among
those with both risk factors that is attributable to the
interaction.

All analyses were carried out using Stata Statistical
Software release 9.2 (Stata Corporation, USA).

Results

Of the 211 children in the interviewed sample, 83
(39%) received a DSM-IV Axis I diagnosis following
the K-SADS interview. The most common disorders
diagnosed were depressive disorders (17.5%, n=37).
No participant received a formal diagnosis of a psy-
chotic illness. Fourteen participants (6.6%) reported
experiencing psychotic symptoms, primarily auditory
and visual hallucinatory experiences.

Substance use

No adolescents in this sample met criteria for a can-
nabis dependence syndrome. Of the adolescents in-
terviewed, 8.5% (n=18) reported having ever used
cannabis. Only five adolescents reported ever having
used any illicit substance (ecstasy, ‘poppers’, sniffing
deodorant or petrol) other than cannabis and four of
these had also used cannabis. Adolescents who had
used cannabis were five times more likely to have

experienced at least one psychotic symptom (see
Table 1).

Childhood trauma

Childhood trauma was reported in 11.3% of partici-
pants interviewed (1 =24). Those adolescents who had
experienced childhood trauma were almost five times
more likely to use cannabis [OR 4.86, 95% confidence
interval (CI) 1.63-14.51, p=0.005] than those who
had not experienced trauma. Participants who had
experienced childhood trauma were also five times
more likely to develop psychotic symptoms (OR 5.20,
95% CI 1.58-17.13, p=0.007) compared to those who
had not (Table 1).

Examining the relationship between cannabis,
childhood trauma and psychotic symptoms

Fig. 1 shows the prevalence of psychotic symptoms in
each of the four exposure categories: No trauma or
cannabis use; Cannabis use/no trauma; Trauma/no
cannabis use; Trauma and cannabis use. Table 2
shows the ORs for each of the four exposure categor-
ies. Using these ORs in the formula for additive inter-
action [R(AB)—R(A)—R(B)+R] gave a value of 17.4
[20.9—1.9—2.6 4+ 1]. The statistical additive interaction
is positive, indicating that childhood trauma and
cannabis use interact on the additive scale. We can
estimate from our data that 83% (17.4/20.9) of the oc-
currence of psychotic symptoms among those exposed
to both cannabis use and childhood trauma is attribu-
table to the interaction between these factors.

Discussion

In this study we found that both cannabis use and
childhood trauma increased the risk for psychotic
symptoms in adolescence in main effect analyses.
However, when we examined both risk factors under
an additive model we found evidence of a greater than
additive interaction between childhood trauma and
cannabis use, whereby the effect of the joint presence
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Table 2. Risk of psychotic symptoms in each exposure category

Total Psychosis,

Risk exposure category no. n (%) OR (95% CI) p

No cannabis use/no trauma 175 8 (4.6) 1.0 (baseline)

Cannabis use/no trauma 12 1(8.3) 1.9 (0.04-16.5) 0.55
Trauma/no cannabis use 18 2(11.1) 2.6 (0.25-14.6) 0.23
Trauma/cannabis use 6 3(50.0) 20.9 (2.3-173.5) 0.000

OR, Odds ratio; CI, confidence interval.

of these two factors increased the likelihood of psy-
chotic symptoms in adolescence to a much greater
extent than would be expected if each risk factor were
working independently.

Several large prospective studies have examined
the association between cannabis use and psychotic
illness or psychotic symptoms, mostly in adult popu-
lations, controlling for a variety of potential con-
founding variables (Arseneault et al. 2004); however,
most have not considered childhood trauma as a
potential effect modifier. Two studies reported results
adjusted for childhood trauma (physical and/or sex-
ual abuse) in the analysis and found that a significant
association between cannabis use and psychotic
symptoms remained even after adjustment for these
factors (Fergusson et al. 2005; Henquet et al. 2005),
suggesting that cannabis is an independent risk factor
for psychosis, which is in keeping with our results.

Two recent papers have looked at the possibility of
an interaction between childhood trauma and ado-
lescent cannabis use in increasing the likelihood of
psychotic symptoms and psychotic illness. Cougnard
et al. (2007) re-examined data from two large European
population cohort studies (one adult cohort, one
cohort aged 14-24 years) and calculated additive
interaction between three environmental risk factors
for psychosis (cannabis use, childhood trauma and
urbanicity) and baseline psychotic experiences in pre-
dicting persistence of psychotic experiences. The
authors concluded that the level of environmental risk
combines synergistically with subclinical psychotic
symptoms to cause abnormal persistence of these
symptoms. Houston et al. (2008) re-examined data
from the National Comorbidity Survey to investigate
the interactive effect of childhood sexual abuse and
cannabis use in relation to psychotic outcomes. Unlike
our study, the authors found no main effect for either
risk factor alone, but a significant interaction between
the two. Childhood sexual trauma was significantly
associated with psychotic symptoms in the subgroup
of adolescents who had used cannabis before the age
of 16 years.

What are the possible biological mechanisms of an
interaction effect?

There are several possible biological, genetic and
psychosocial factors that could be involved in the as-
sociation between cannabis use, trauma and psychotic
symptoms. The most parsimonious explanation in-
volves effects on the dopamine neurotransmitter sys-
tem. First, all effective antipsychotic medications affect
dopamine and dopamine sensitization has been pro-
posed as a mechanism explaining psychotic symptoms
(Laruelle, 2000; Kapur et al. 2005). Second, it has been
demonstrated that cannabis affects dopamine release
and that the direction of effect depends on the
chronicity of use (Verrico et al. 2003; Luzi et al. 2008;
Bossong et al. 2009). Third, there is evidence from both
animal (Plotsky & Meaney, 1993; Ladd, 1996; Liu et al.
2000; Kalinichev ef al. 2002) and human studies (Heim
et al. 2000; Carpenter et al. 2007) that response to
severe stress, such as childhood abuse early in life,
can lead to permanent changes in the hypothalamic-
pituitary—adrenal (HPA) axis and dopamine systems
(for discussion see Read et al. 2001).

Limitations and strengths of study

Although the ORs in this study are high, the CIs are
wide, reflecting a relatively small sample size when
subgroups are compared. The Challenging Times
study was designed as a general epidemiological
study of mental health in adolescents, not specifically
to test the current hypotheses. Although this may have
led to less detailed information obtained specifically in
relation to cannabis use and psychotic symptomes, it is
likely that it minimized interviewer bias. Another
limitation was that information on the timing of events
(first use of cannabis, first experience of childhood
trauma) was limited and relied on retrospective recall.
However, recent data suggest that the temporal or-
dering of childhood trauma and cannabis use does not
affect the risk of developing psychosis (Shevlin et al.
2009). Rates of cannabis use were relatively low in
this sample. This may be due to under-reporting of
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substance use, although participants were assured
of the confidentiality of their data and collateral in-
formation was obtained from at least one parent/
guardian. It should also be noted that the measure of
sexual abuse used in this study is a conservative one,
which may explain the low rates of sexual abuse re-
ported.

The strengths of this study include the use of an
epidemiological community-based sample, whereby
schools were selected using a randomized stratified
sampling method so that the study population is rep-
resentative of the area population. A well-validated
standardized psychiatric interview was used in this
study and administered by trained researchers with a
clinical background. Information was also obtained
from parents/carers so that information on psychiatric
symptoms, on environmental risk factors, and on a
variety of potential confounding factors was available
from two sources.

Conclusions

In this study, we report a greater than additive inter-
action between childhood trauma and cannabis use in
increasing the likelihood of developing psychotic
symptoms. Our findings should be replicated in a
larger sample of adolescents using a prospective
design to clarify the temporal relationship between
risk factors and symptoms. Future studies examining
links between cannabis use and psychosis should
consider the effects of childhood trauma as an im-
portant potential effect modifier. The findings re-
ported here may have important practical implications
for the prevention of psychosis. Young people with a
history of childhood trauma could be conceptual-
ized as an ‘at-risk” group and could be targeted
for psychotherapeutic intervention, if warranted, or
psycho-educational interventions concerning risks of
substance use, particularly during adolescence.

Acknowledgements

This work was supported by a Clinician Scientist
Award to M. Cannon (CSA/2004/1) and a Research
and Development Award to C. Fitzpatrick from the
Health Research Board (Ireland). L. Arseneault is
supported by a Career Scientist Award from the
Department of Health (UK). Funding support was
also provided to M. Cannon by a NARSAD Grable
Independent Investigator award and the Wellcome
Trust, UK. We thank C. Mills and I. Daly for their roles
in conducting clinical interviews for this study. The
original ‘Challenging Times’ study was funded by
The Friends of the Children’s University Hospital,
Temple Street; The American Foundation for Suicide

Prevention; Health Service Executive Northern Area
and The Mater Hospital College.

Declaration of Interest

None.

References

APA (1994). Diagnostic and Statistical Manual of Mental
Disorders, 4th edn. American Psychiatric Association:
Washington, DC.

Arseneault L, Cannon M, Poulton R, Murray R, Caspi A,
Moffitt TE (2002). Cannabis use in adolescence and
risk for adult psychosis. British Medical Journal 325,
1212-1213.

Arseneault L, Cannon M, Witton J, Murray RM (2004).
Causal association between cannabis and psychosis:
examination of the evidence. British Journal of Psychiatry
184, 110-117.

Bak M, Krabbendam L, Janssen I, de Graaf R, Vollebergh
W, van Os J (2005). Early trauma may increase the risk for
psychotic experiences by impacting on emotional response
and perception of control. Acta Psychiatrica Scandinavica
112, 360-366.

Bendall S, Jackson HJ, Hulbert CA, McGorry PD (2008).
Childhood trauma and psychotic disorders: a systematic,
critical review of the evidence. Schizophrenia Bulletin 34,
568-579.

Bossong MG, van Berckel BN, Boelhaard R, Zuurman L,
Schuit RC, Windhorst AD, van Gerves JM, Ramsey NF,
Lammerstsma AA, Kahn RS (2009). Delta-9-
tetrahydrocannabinol induces dopamine release in the
human striatum. Neuropsychopharmacology 34, 759-766.

Cannon M, Harley M, Clarke MC, Arseneault L (2006).
Genes, cannabis and psychosis. In Beyond Nature and
Nurture in Psychiatry : Genes, Environment and their
Interplay (ed. J. MacCabe, O. O’Daly, R. M. Murray,

P. McGuffin and P. Wright), ch. 16, pp. 141-155.
Informa UK Ltd: Abingdon, Oxon.

Carpenter LL, Carvalho JP, Tyrka AR, Wier LM, Mello MF,
Anderson GM, Wilkinson CW, Price LH (2007).
Decreased adrenocorticotropic hormone and cortisol
responses to stress in healthy adults reporting significant
childhood maltreatment. Biological Psychiatry 62,
1080-1087.

Caspi A, Moffitt TE (2006). Gene—environment interactions
in psychiatry: joining forces with neuroscience. Nature
Reviews Neuroscience 7, 583-590.

Central Statistics Office (1996). Census of Population in Ireland.
Central Statistics Office: Dublin, Ireland.

Clarke MC, Tanskanen A, Huttunen M, Whittaker J,
Cannon M (2009). Evidence for an interaction between
familial liability and prenatal exposure to infection in the
causation of schizophrenia. American Journal of Psychiatry
166, 1025-1030.

Cougnard A, Marcelis M, Myin-Germeys I, De Graaf R,
Volleburgh W, Krabbendam L, Leb R, Wittchen HU,
Henquiet C, Spauwen J, van Os J (2007). Does normal

Downloaded from https://www.cambridge.org/core. King's College London, on 04 Jun 2019 at 12:35:07, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
https://doi.org/10.1017/50033291709991966


https://doi.org/10.1017/S0033291709991966
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

Cannabis use, childhood trauma and risk for psychotic symptoms 1633

developmental expression of psychosis combine with
environmental risk to cause persistence of psychosis ?
A psychosis proneness-persistence model. Psychological
Medicine 37, 513-527.

Darroch J (1997). Biologic synergism and parallelism.
American Journal of Epidemiology 145, 661-668.

De Bellis MD (2002). Developmental traumatology: a
contributory mechanism for alcohol and substances use
disorders. Psychoneuroendocrinology 27, 155-170.

Degenhardt L, Lynskey M, Hall W (2000). Cohort trends
in the age of initiation of drug use in Australia. Australian
and New Zealand Journal of Public Health 24, 421-426.

Fergusson DM, Horwood L], Ridder EM (2005). Tests of
causal linkages between cannabis use and psychotic
symptoms. Addiction 100, 354-366.

Giedd JN, Blumenthal J, Jeffries NO, Castellanos FX, Liu H,
Zijdenbos A, Pano J, Evans AC, Rapoport JL (1999). Brain
development during childhood and adolescence: a
longitudinal MRI study. Nature Neuroscience 2, 861-863.

Gledhill-Hoyt J, Lee H, Strote J, Wechsler H (2000).
Increased use of marijuana and other illicit drugs at US
colleges in the 1990s: results of three national surveys.
Addiction 95, 1655-1667.

Goodman R (1997). The Strengths and Difficulties
Questionnaire: a research note. Journal of Child Psychology
and Psychiatry 38, 581-586.

Goodman R, Ford T, Simmons H, Gatward R, Meitzer H
(2000). Using the Strengths and Difficulties Questionnaire
(SDQ) to screen for child psychiatric disorders in a
community sample. British Journal of Psychiatry 177,
534-539.

Gordon HW (2002). Early environmental stress and
biological vulnerability to drug abuse.
Psychoneuroendocrinology 27, 115-126.

Heim C, Newport DJ, Heit S, Graham YP, Wilcox M,
Bonsall R, Miller AH, Nemeroff CB (2000).
Pituitary-adrenal and autonomic responses to stress in
women after sexual and physical abuse in childhood.
Journal of the American Medical Association 284, 592-597.

Henquet C, Krabbendam L, Spauwen J, Kaplan C, Lieb R,
Wittchen HU, van Os J (2005). Prospective cohort study
of cannabis use, predisposition for psychosis and psychotic
symptoms in young people. British Medical Journal 330, 11.

Houston JE, Murphy J, Adamson G, Stringer M, Shevlin M
(2008). Childhood sexual abuse, early cannabis use, and
psychosis: testing an interaction model based on the
National Comorbidity Survey. Schizophrenia Bulletin 34,
580-585.

Kalinichev M, Easterling KW, Plotsky PM, Holtzman SG
(2002). Long-lasting changes in stress-induced
corticosterone response and anxiety-like behaviours as
a consequence of neonatal maternal separation in
Long-Evans rats. Pharmacology, Biochemistry and Behaviour
73, 131-140.

Kapur S, Mizrahi R, Li M (2005). From dopamine to salience
to psychosis: linking biology, pharmacology and
phenomenology of psychosis. Schizophrenia Research 79,
59-68.

Kaufman JBB, Brent D, Rao U, Ryan N (1996). The Schedule
for Affective Disorders and Schizophrenia for School-Age

Children : Present and Lifetime Version. University of
Pittsburgh, Western Psychiatric Institute and Clinic:
Pittsburgh.

Kelleher I, Harley M, Lynch F, Arseneault L, Fitzpatrick C,
Cannon M (2008). Associations between childhood
trauma, bullying and psychotic symptoms among a
school-based adolescent sample. British Journal of Psychiatry
193, 378-382.

Kovacs M (1985). The Children’s Depression
Inventory (CDI). Psychopharmacology Bulletin 21,
995-998.

Ladd CO, Owens M]J, Nemeroff CB (1996). Persistent
changes in corticotropin-releasing factor neuronal
symptoms induced by maternal deprivation. Endocrinology
137, 1212-1218.

Laruelle M (2000). The role of endogenous sensitization in
the pathophysiology of schizophrenia: implications from
recent brain imaging studies. Brain Research Reviews 31,
371-384.

Liu D, Caldji C, Sharma S, Plotzky PM, Meaney M]
(2000). Influence of neonatal rearing conditions on
stress-induced adrenocorticotropin responses and
norepinepherine release in the hypothalamic
paraventricular nucleus. Journal of Neuroendocrinology
12, 5-12.

Luzi S, Morrison PD, Powell J, di Forti M, Murray RM
(2008). What is the mechanism whereby cannabis use
increases risk of psychosis? Neurotoxicity Research 14,
105-112.

Lynch F, Mills C, Daly I, Fitzpatrick C (2004). Challenging
times: a study to detect Irish adolescents at risk of
psychiatric disorders and suicidal ideation. Journal of
Adolescence 27, 441-451.

Lynch F, Mills C, Daly I, Fitzpatrick C (2006). Challenging
times: prevalence of psychiatric disorders and suicidal
behaviours in Irish adolescents. Journal of Adolescence 29,
555-573.

Macleod J, Davey Smith G, Hickman M (2006). Does
cannabis use cause schizophrenia ? Lancet 367, 1055.

Macleod J, Oakes R, Copello A, Crome I, Egger M, Hickman
M, Oppenkovski T, Stokes-Lampard H, Davey Smith G
(2004). Psychological and social sequelae of cannabis and
other illicit drug use by young people: a systematic review
of longitudinal, general population studies. Lancet 363,
1579-1588.

Mills CGS, Lynch F, Daly I, Fitzpatrick C (2004). The
relationship between bullying, depression and suicidal
thoughts/behaviour in Irish adolescents. Irish Journal of
Psychological Medicine 21, 112-116.

Moffitt TE, Caspi A, Rutter M (2005). Strategy for
investigating interactions between measured genes and
measured environments. Archives of General Psychiatry 62,
473-481.

Moore TH, Zammit S, Lingford-Hughes A, Barnes TR,
Jones PB, Burke M, Lewis G (2007). Cannabis use and risk
of psychotic or affective mental health outcomes: a
systematic review. Lancet 370, 319-328.

Morgan C, Fisher H (2007). Environmental factors in
schizophrenia: childhood trauma — a critical review.
Schizophrenia Bulletin 33, 3-10.

Downloaded from https://www.cambridge.org/core. King's College London, on 04 Jun 2019 at 12:35:07, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
https://doi.org/10.1017/50033291709991966


https://doi.org/10.1017/S0033291709991966
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

1634 M. Harley et al.

Plotsky PM, Meaney MJ (1993). Early, postnatal
experience alters hypothalamic corticotropin-releasing
factor (CRF) mRNA, median eminence CRF content
and stress-induced release in adult rats. Brain
Research. Molecular Brain Research 18, 195-200.

Poulton R, Caspi A, Moffitt TE, Cannon M, Murray R,
Harrington H (2000). Children’s self-reported psychotic
symptoms and adult schizophreniform disorder: a 15-year
longitudinal study. Archives of General Psychiatry 57,
1053-1058.

Read J, Perry BD, Moskowitz A, Connolly J (2001). The
contribution of early traumatic events to schizophrenia in
some patients: a traumagenic neurodevelopmental model.
Psychiatry 64, 319-345.

Read J, van Os J, Morrison AP, Ross CA (2005). Childhood
trauma, psychosis and schizophrenia: a literature review
with theoretical and clinical implications. Acta Psychiatrica
Scandinavica 112, 330-350.

Risch N, Herrell R, Lehner T, Liang KY, Eaves L, Hoh J,
Griem A, Kovacs M, Ott J, Merikangas KR (2009).
Interaction between the serotonin transporter gene
(5-HTTLPR), stressful life events and risk of depression: a
meta-analysis. Journal of the American Medical Association
310, 2462-2471.

Rothman K, Greenland S (1998). Modern Epidemiology,
2nd edn. Lippincott-Raven: Philadelphia.

Schwartz S, Susser E (2006). Causal explanation with a
risk factor framework. In Psychiatric Epidemiology : Searching
for the Causes of Mental Disorders (ed. E. Susser, S. Schwartz,
A. Morabia and E. J. Bromet), pp. 422-440. Oxford
University Press: New York.

Scott J, Martin G, Welham J, Bor W, Najman J,
O’Callaghan M, Williams G, Aird R, McGrath J (2009).
Psychopathology during childhood and adolescence
predicts delusional-like experiences in adults: a 21-year
birth cohort study. American Journal of Psychiatry 166,
567-574.

Shevlin M, Murphy J, Houston JE, Adamson G (2009).
Childhood sexual abuse, early cannabis use, and
psychosis: testing the effects of different temporal
orderings based on the National Comorbidity Survey.
Psychosis : Psychological, Social and Integrative Approaches 1,
19-28.

van Os J, Rutten BP, Poulton R (2008). Gene—environment
interactions in schizophrenia: review of epidemiological
findings and future directions. Schizophrenia Bulletin 34,
66-82.

van Os J, Sham P (2003). Gene-environment correlation and
interaction in schizophrenia. In The Epidemiology of
Schizophrenia (ed. R. M. Murray, P. B. Jones, E. Susser,

J. van Os and M. Cannon), pp. 235-253. Cambridge
University Press: Cambridge, UK.

Verrico CD, Jentsch JD, Roth RH (2003). Persistent
and anatomically selective reduction in prefrontal
cortical dopamine metabolism after repeated
intermittent cannabinoid administration in rats.

Synapse 49, 61-66.

Zammit S, Wiles N, Lewis G (2009). The study of
gene—environment interactions in psychiatry: limited
gains at a substantial cost? Psychological Medicine.
Published online: 24 September 2009. doi:10.1017/
50033291709991280.

Downloaded from https://www.cambridge.org/core. King's College London, on 04 Jun 2019 at 12:35:07, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
https://doi.org/10.1017/50033291709991966


https://doi.org/10.1017/S0033291709991966
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

