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ABSTRACT

Background. The aims of this research were to use data gathered over the course of a 21 year
longitudinal study to examine the linkages between cannabis dependence at ages 18 and 21 and rates
of psychotic symptoms taking into account previous symptom levels and other confounding factors.

Method. Data were gathered during the course of the Christchurch Health and Development
Study (CHDS). The CHDS is a longitudinal study of a birth cohort of 1265 children who have been
studied from birth to age 21. As part of this study, data were gathered on cannabis dependence and
psychotic symptoms at ages 18 and 21.

Results. Young people meeting DSM-IV criteria for cannabis dependence had elevated rates of
psychotic symptoms at ages 18 (rate ratio¯ 3±7; 95% CI 2±8–5±0; P! 0±0001) and 21 (rate ratio¯
2±3; 95% CI 1±7–3±2; P! 0±0001). These associations were adjusted for previous psychotic
symptoms and a range of other confounding factors using a generalized estimating equation model.
This analysis showed that after adjustment for confounding factors, those meeting criteria for
cannabis dependence still had an increased rate of psychotic symptoms (rate ratio¯ 1±8; 95% CI
1±2–2±6; P! 0±005).

Conclusions. The results show that the development of cannabis dependence is associated with
increased rates of psychotic symptoms in young people even when pre-existing symptoms and other
background factors are taken into account.

INTRODUCTION

There has been an increasing use of cannabis in
many developed societies (Hall & Solowij, 1998).
Recent studies suggest that up to two-thirds of
young people will use cannabis at least once,
with nearly 10% developing cannabis depen-
dence (Poulton et al. 1997; Fergusson &
Horwood, 2000). The increase in use and
problematic use of cannabis has led to growing
research interest in the extent to which heavy use
of cannabis has harmful effects on the health
and adjustment of users (Hall & Solowij, 1997,
1998; Troisi et al. 1998; Hall & Babor, 2000;
Johns, 2001). One aspect of this concern has
focused on the linkages between cannabis use
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and the development of psychosis or psychotic
symptoms (Thornicroft, 1990; Mathers &
Ghodse, 1992; Williams et al. 1996; Hall &
Solowij, 1998; Hall & Degenhardt, 2000;
Hambrecht & Ha$ fner, 2000).

Two lines of evidence suggest possible linkages
between the heavy use of cannabis and increased
risks of psychosis}psychotic symptoms. First, a
number of case history studies have appeared in
the literature producing evidence of ‘cannabis
induced’ psychosis with these accounts de-
scribing the ways in which the onset of psychotic
episodes were preceded by the heavy use of
cannabis (Tennant & Groesbeck, 1972; Chopra
& Smith, 1974; Carney et al. 1984; Solomons et
al. 1990; Wylie et al. 1995; Thomas, 1996; Basu
et al. 1999; Nunez & Gurpegui, 2002).

More recently there has been a growing
number of epidemiological studies that have
shown linkages between the heavy use of
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cannabis and the development of psychosis or
psychotic symptoms (Andreasson et al. 1987;
Tien & Anthony, 1990; Hambrecht & Ha$ fner,
2000; Degenhardt & Hall, 2001) ; for review see
Thornicroft (1990). Andreasson et al. (1987)
studied a cohort of over 45000 Swedish con-
scripts at 18 years and 15 years later. They found
a dose–response relationship between cannabis
use at 18 years and later increased risks of
schizophrenia. These associations were found to
persist after control for a number of confounding
factors (e.g. socio-economic status, police con-
tact, previous psychiatric diagnosis, other sub-
stance abuse, paternal alcohol abuse). Similarly,
Degenhardt & Hall (2001) found that cannabis
dependence was associated with increasing risk
of psychotic symptoms in a cross-sectional study
of 6722 Australian respondents aged 18–49.
Cannabis dependence was associated with a
two-fold increase in psychotic symptoms even
following control for confounding factors (other
substance use, other psychiatric problems and
demographic variables).

Research linking heavy cannabis use to the
onset of psychosis has also been reinforced by
recent neurophysiological evidence on the effects
of cannabis on brain chemistry. This research
suggests cannabinoids, such as tetrahydrocan-
nabinol (THC) found in cannabis, release the
neurotransmitter dopamine (Tanda et al. 1997).
Dopamine systems have also been implicated in
the neuropharmacology of psychosis (Moore et
al. 1999). Drugs, such as amphetamines, which
increase dopamine levels, can produce psychotic
symptoms in humans (Angrist, 1994). Neurol-
eptic drugs, which are used to treat psychotic
symptoms, reduce dopamine levels (Seeman,
1987).

A limitation of the existing research in this
area has been the failure of investigators to
resolve fully issues relating to the direction of
causation. Although the weight of evidence
suggests that cannabis use and psychotic
symptoms are correlated measures, it remains
unclear whether this association arises because :
(a) cannabis use leads to an increase in psychotic
symptoms; or (b) individuals prone to psychosis
are more likely to use cannabis. To address this
issue requires the use of longitudinal designs in
which the level of psychotic symptoms, prior to
cannabis use, is controlled. This research design
has been applied in a number of studies of

cannabis use and psychiatric disorders (Brook et
al. 1998; McGee et al. 2000; Fergusson et al.
2002) but has not been used in examination of
the linkages between cannabis use and psychosis.

In this paper we use data gathered over the
course of a 21-year longitudinal study of a New
Zealand birth cohort to examine the linkages
between cannabis use and psychotic symptoms.
The specific aims of this study were: (i) to
document the linkages between cannabis de-
pendence and psychotic symptoms assessed at
ages 18 and 21 years ; and (ii) to adjust
associations between cannabis dependence and
psychotic symptoms for potentially confounding
factors including pre-existing symptom levels.

METHOD

Participants

The data described in this report were gathered
during the course of the Christchurch Health
and Development Study (CHDS). The CHDS is
a longitudinal study of an unselected birth
cohort of 1265 children (635 males, 630 females)
born in the Christchurch (New Zealand) urban
region in mid-1977. This cohort has now been
studied at birth, 4 months, 1 year and annual
intervals to age 16 years, and again at ages 18
and 21 years. The present analysis is based on a
sample of 1053 participants for whom infor-
mation on cannabis use and psychotic symptoms
was available at age 18 or 21 years. This sample
represented 84% of the initial birth cohort.
However, since not all participants were assessed
at both ages the observed sample numbers vary
between age 18 (N¯ 1025) and age 21 (N¯
1011). All data were collected following written
informed consent.

Psychotic symptomatology

At ages 18 and 21 years, sample members were
administered a comprehensive mental health
interview designed to assess a number of aspects
of the individual’s mental health and psycho-
social adjustment. As part of this interview
participants were questioned on current (over
the past month) psychotic symptomatology
using items from the Symptom Checklist 90
(SCL-90) (Derogatis et al. 1973). A series of 10
items were selected as representative of psychotic
symptoms. These items and the percentages of
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Table 1. Rates (%) of psychotic symptoms in past month at age 18, 21 years*

Symptom
18 years
% (N )

21 years
% (N )

The idea that someone else can control your thoughts 3±6 (37) 4±7 (48)
Hearing voices that other people do not hear 2±0 (20) 1±7 (17)
Other people being aware of your private thoughts 8±7 (89) 6±5 (66)
Having thoughts that are not your own 2±8 (28) 2±9 (29)
Having ideas or beliefs that others do not share 18±1 (186) 18±8 (180)
The idea that something serious is wrong with your body 7±7 (79) 8±8 (89)
Never feeling close to another person 7±3 (75) 7±7 (78)
The idea that something is wrong with your mind 6±3 (65) 7±0 (71)
Feeling that other people cannot be trusted 15±0 (154) 15±7 (159)
Feeling that you are watched or talked about by others 15±0 (154) 19±5 (197)

* Total sample assessed at age 18, N¯ 1025; at age 21, N¯ 1011.

the sample reporting them at ages 18 and 21 are
shown in Table 1.

Cannabis dependence

As part of the assessment at age 18 and 21 years,
sample members were questioned about their
use of cannabis since the preceding assessment.
Participants who reported using cannabis were
further questioned about symptoms of cannabis
dependence using items from the Composite
International Diagnostic Interview (CIDI)
(World Health Organization, 1993). On the
basis of this information it was possible to
classify participants according to DSM-IV di-
agnostic criteria for cannabis dependence at
ages 17–18 and 20–21 years.

Confounding factors

To control the associations between cannabis
dependence and psychotic symptoms for both
fixed and time varying sources of confounding
the following measures were selected from the
database of the study.

Prior psychotic symptoms

Psychotic symptoms at the time of the preceding
assessment were included as confounding
factors. Thus, for 18 years, psychotic symptoms
at age 16 years were controlled and for 21 years
psychotic symptoms at age 18 years were
controlled.

Other time varying confounders

Parallel to questioning on cannabis use, at each
age participants were also questioned about
their use of other substances including nicotine,
alcohol and illicit drugs other than cannabis.
For each substance, participants were assessed

on DSM-IV criteria for substance dependence.
For alcohol and other illicit drugs, this ques-
tioning was based on items from the CIDI,
whereas for nicotine, questioning was based on
custom written survey items. Using this in-
formation, participants were classified on
measures of alcohol dependence and other illicit
drug dependence in the preceding 12 months
and current nicotine dependence. In addition, as
part of the mental health interview at each age,
sample members were assessed on standardized
criteria for major depression and anxiety dis-
orders (including generalized anxiety disorder,
specific phobia, social phobia and panic}
agoraphobia) based on the relevant sections of
the CIDI. This information was used to classify
participants according to DSM-IV diagnoses for
anxiety disorders and major depression in the
preceding 12 months. Finally, parallel to ques-
tioning on mental health, information was also
obtained on other time dynamic aspects of the
individual’s lifestyle including: the extent of
affiliations with deviant peers ; exposure to
adverse life events ; and age of leaving the family
home.

Fixed factors

A wide range of measures of social, family and
individual functioning that were assessed prior
to age 18 and were correlated with either
cannabis dependence or psychotic symptoms
were considered in the analysis. These factors
included: measures of family sociodemographic
background (parental ages, parental education
levels, family socio-economic status and family
living standards) ; family functioning (frequency
of parental change, parental conflict, adverse
family life events, quality of parental attach-
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ments, exposure to childhood sexual and physi-
cal abuse) ; parental adjustment (parental mental
health, alcohol problems, criminality and illicit
drug use) ; individual characteristics (gender,
childhood neuroticism, novelty seeking, child IQ
and educational achievement) ; and, measures of
prior mental health and adjustment (history of
substance use}abuse and psychiatric disorder
prior to age 16).

Statistical analysis

Development of scale of psychotic symptoms

To test whether the 10 psychotic symptoms (see
Table 1) could be combined into a single uni-
dimensional scale, the item sets at each age (18
and 21 years) were analysed using confirmatory
factor analysis. This analysis was conducted
using LISREL 8 (Jo$ reskog & So$ rbom, 1993)
and methods of weighted least squares esti-
mation fitted to the matrix of correlations of the
10 symptoms at each age. The adequacy of a
uni-dimensional scale was assessed on the basis
of a range of measures of fit including the log
likelihood ratio χ# statistic, the adjusted
goodness-of-fit index (AGFI) and inspection of
the residual correlations of the fitted model. At
each age a scale of psychotic symptoms was
formed from a count of the number of symptoms
reported. The reliability of resulting scale was
assessed using Cronbach’s alpha (1951).

Associations between cannabis dependence
and psychotic symptoms scales

Statistical comparison of the mean rates of
psychotic symptoms by cannabis dependence at
each age was achieved by fitting a negative
binomial regression model to predict the log-
arithm of the psychotic symptom count from
cannabis dependence at each age.

Linkages between measures of cannabis de-
pendence and psychotic symptom scores were
modelled using a generalized estimating equation
(GEE) approach (Liang & Zeger, 1986). In the
present instance the model fitted was:
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lation matrix between the disturbance terms E

it

across time. Model fitting was conducted using
STATA 6.0 (StataCorp, 1999).

The regression parameter (B1) from the fitted
GEE model has the interpretation of the
predicted effect of being cannabis dependent on
the log transformed symptom count over time.
However, a more useful statistic is the incidence
rate ratio (IRR). The IRR may be interpreted as
the relative increase in the rate of psychotic
symptoms for those who were cannabis de-
pendent in comparison to those who were not
cannabis dependent.

Missing data and sample bias

To examine the implications of missing data due
to sample attrition, the methods described by
Carlin et al. (1999) were used. These methods
involved a two-stage analysis process. In the first
stage of the analysis, a sample selection model
was constructed by using data gathered at birth
to predict participation at each age. This analysis
showed that there were statistically significant
(P! 0±05) tendencies for the obtained sample at
each age to under-represent children from more
socially disadvantaged backgrounds (low par-
ental education, low socio-economic status,
single parent family). On the basis of the fitted
selection models the sample was then post-
stratified into a series of groups and the
probability of study participation estimated for
each group at each age. In the second stage of
the analysis the data were re-analysed by fitting
a negative binomial regression model to the full
data using robust estimates of standard errors to
allow for clustering of observations within
individuals and with the observations for each
individual weighted by the inverse of the
probability of study participation at each age to
adjust for sample selection bias. This analysis
produced essentially identical conclusions to the
analysis reported here, suggesting that the effects
of missing data and possible sample selection
bias on the results were likely to be minimal.
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RESULTS

Assessment of psychotic symptoms

As explained in the Method section, psychotic
symptoms were assessed using 10 items from the
SCL-90. Table 1 shows these items and the
percentages of the sample reporting each symp-
tom at ages 18 and 21 years. The data in Table
1 were analysed using a confirmatory factor
model to determine whether these items formed
a uni-dimensional scale. This analysis showed
that at each age the items formed a single scale
(age 18, LR χ# (31)¯ 40±0, P" 0±10, AGFI¯
0±99; age 21, LR χ# (31)¯ 43±7, P" 0±05, AGFI
¯ 0±99). From the fitted model, scale scores were
estimated by summing the number of symptoms
reported by each participant. Reliability was
assessed using coefficient alpha, α¯ 0±74 (18
years) and α¯ 0±73 (21 years).

The association between psychotic symptoms
and cannabis use

Table 2 shows the cohort classified into those
meeting DSM IV criteria for cannabis depen-
dence at ages 18 and 21. At each year, mean
rates of psychotic symptoms are reported for
those who were cannabis dependent and those
who were not cannabis dependent. Table 2 also
reports the incidence rate ratio (IRR) and corre-
sponding 95% CI. The IRR estimates show that
at age 18, cannabis dependent respondents had
rates of psychotic symptoms that were 3±7 times
higher than those who were not cannabis depen-
dent (P! 0±0001). Similarly at age 21, cannabis
dependent respondents had rates of psychotic
symptoms that were 2±3 times higher than those
who were not cannabis dependent (P! 0±0001).

Covariate adjusted results

To examine the associations between cannabis
dependence and psychotic symptoms after ad-
justment for confounding factors a GEE model

Table 2. Mean psychotic symptoms (past
month) by cannabis dependence (past 12 months)
at age 18, 21 years

Age

Cannabis dependence

P
Rate ratio
(95% CI)No Yes

18 years Mean (N ) 0±78 (981) 2±89 (41) ! 0±0001 3±7 (2±8–5±0)
21 years Mean (N ) 0±87 (961) 2±02 (50) ! 0±0001 2±3 (1±7–3±2)

Table 3. Estimated association between
cannabis dependence and psychotic symptoms
after adjustment for confounding factors*

Regression parameter

P Rate ratio (95% CI)B (..)

0±570 (0±189) ! 0±005 1±8 (1±2–2±6)

* Confounding factors included: (a) psychotic symptoms at the
previous assessment; (b) other time varying covariates including:
nicotine, alcohol and other illicit drug dependence, major depression
and anxiety disorders, deviant peer affiliations, exposure to adverse
life events, and age of leaving the family home; (c) fixed covariates
including: gender, parental ages, parental education levels, family
socio-economic status, family living standards, frequency of parental
change, parental conflict, adverse family life events, quality of
parental attachments, exposure to childhood sexual or physical
abuse, parental mental health, parental alcohol problems, parental
drug use, parental criminality, childhood, neuroticism, novelty
seeking, child IQ, educational achievement, history of substance
use}abuse, and psychiatric disorder prior to 16 years.

was fitted to the data (see Method). This
approach modelled the relationship between
cannabis dependence and psychotic symptoms
while taking into account a series of fixed and
time-dynamic confounders. These confounders
included: (a) measures of preceding psychotic
symptoms; (b) time varying measures of other
substance use, mental health and other factors ;
and (c) measures of fixed social, family and
individual characteristics (see Table 3).

The results of this analysis are given in Table
3, which reports the estimated model parameter
for the effect of cannabis dependence on psy-
chotic symptoms, with the corresponding stan-
dard error and test of significance and the
adjusted IRR (95% confidence interval). Table
3 shows that even following adjustment for
confounding factors (including previous symp-
tom levels), the association between cannabis
dependence and psychotic symptoms remained
statistically significant (P! 0±0001). Those
meeting criteria for cannabis dependence had
estimated rates of psychotic symptoms that were
1±8 times (95% CI 1±2–2±6) higher than those
who were not cannabis dependent.

DISCUSSION

In this paper we have used data gathered over
the course of a 21-year longitudinal study to
examine the linkages between the development
of cannabis dependence and levels of psychotic
symptoms taking into account potentially con-
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founding factors. The key findings of this
analysis and their implications are reviewed
below.

By the age of 21, just over 10% of this cohort
had met DSM-IV criteria for cannabis de-
pendence (Fergusson & Horwood, 2000). This
rate reflects the relatively high use of cannabis
that is present among young New Zealanders
(Poulton et al. 1997; Fergusson & Horwood,
2000). In agreement with previous research
(Andreasson et al. 1987; Tien & Anthony, 1990;
Hambrecht & Ha$ fner, 2000; Degenhardt &
Hall, 2001) young people meeting criteria for
cannabis dependence had elevated rates of
psychotic symptoms at ages 18 and 21. Rate
ratio estimates suggested that young people
meeting criteria for cannabis dependence had
rates of psychotic symptoms that were over
twice those of young people not meeting criteria.
These findings suggest that, irrespective of issues
of causality, young people with cannabis de-
pendence should be considered to be an at risk
group for psychotic symptoms (Degenhardt &
Hall, 2001; Johns, 2001).

Although linkages between heavy cannabis
use and rates of psychosis or psychotic symptoms
have been reported by a growing number of
studies, there have been ongoing debates about
the direction of causal linkages : on the one hand
it may be suggested that heavy cannabis use
leads to increased rates of psychosis and psy-
chotic symptoms, whereas on the other hand it
may be suggested that individuals predisposed
to psychosis may be more prone to use cannabis.
Thus, to establish that heavy cannabis use
contributes to increased risks of psychotic
symptoms, it is necessary to show that the
association between the heavy use of cannabis
and psychotic symptom levels persists when due
allowance is made for pre-existing psychotic
symptoms. The availability of longitudinal data
collected in this study made it possible to
examine this issue by statistically adjusting the
associations between cannabis use and psychotic
symptoms for pre-existing symptom levels and a
wide range of other potentially confounding
factors. This analysis showed that even following
such adjustments, young people meeting criteria
for cannabis dependence had rates of psychotic
symptoms that were 1±8 times those of young
people not meeting criteria for cannabis de-
pendence.

These findings are clearly consistent with the
view that heavy cannabis use may make a causal
contribution to the development of psychotic
symptoms since they show that independently of
pre-existing psychotic symptoms and a wide
range of social and contextual factors, young
people who develop cannabis dependence show
elevated rates of psychotic symptoms. This
conclusion is consistent with a growing body of
epidemiological, clinical and neuro-physiologi-
cal evidence that suggests that the heavy use of
cannabis may lead to increased rates of psychotic
symptoms and psychosis (Thornicroft, 1990;
Mathers & Ghodse, 1992; Williams et al. 1996;
Tanda et al. 1997; Hall, 1998; Hall &
Degenhardt, 2000; Hambrecht & Ha$ fner, 2000).

However, the present study has a number of
limitations that need to be borne in mind. First,
uncertainties about the temporal sequencing of
the onset of cannabis dependence and psychotic
symptoms. Under ideal circumstances it would
be desirable to show that cannabis dependence
and psychotic symptoms were linked by a
temporal sequence in which the onset of cannabis
dependence preceded an increase in psychotic
symptom levels. This has not been possible in
the present study since data were not gathered
continuously but were obtained at discrete points
in time (18, 21 years). The analysis thus used a
weaker test, which showed that contempor-
aneously assessed cannabis dependence and
psychotic symptoms were related even after
control for pre-existing symptom levels and
other factors. Although this analysis suggests a
potential causal relationship between heavy
cannabis use and psychotic symptoms some
uncertainty about the direction of causality
must still remain. The analysis does not fully
eliminate the possibility of a reverse causal
association in which increases in psychotic
symptoms led to an increased use of cannabis.

Secondly, the relationship between psychosis
and psychotic symptoms: from a clinical stand-
point, it is important to show that the heavy use
of cannabis by young people may lead to
increased rates of psychotic illness. However, in
this study we have not been able to assess this
issue as the rate of psychosis among study
participants was too low for analysis. Instead,
we have used a scale measure of symptoms that
are known to occur in psychotic states. However,
the exact relationship between scale measures of
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symptoms and clinical levels of psychosis is
unclear.

Although these issues of causality and
measurement raise sources of uncertainty in the
interpretation of this study, the weight of the evi-
dence presented is clearly consistent with the
view that the heavy use of cannabis by young
people may lead to increased rates of psychotic
symptoms.

This research was funded by grants from the Health
Research Council of New Zealand, the National
Child Health Research Foundation, the Canterbury
Medical Research Foundation and the New Zealand
Lottery Grants Board.

REFERENCES

Andreasson, S., Allebeck, P., Engstrom, A. & Rydberg, U. (1987).

Cannabis and schizophrenia: a longitudinal study of Swedish

conscripts. Lancet ii, 1483–1486.

Angrist, B. M. (1994). Amphetamine psychosis : clinical variations

of the syndrome. In Amphetamine and Its Analogues (ed. A. K. Cho

and D. S. Segal), pp. 387–414. Academic Press : San Diego, CA.

Basu, D., Malhotra, A., Bhagat, A. & Varma, V. K. (1999). Cannabis

psychosis and acute schizophrenia. A case–control study from

India. European Addiction Research 5, 71–73.

Brook, J. S., Cohen, P. & Brook, D. W. (1998). Longitudinal study

of co-occurring psychiatric disorders and substance use. Journal of

the American Academy of Child and Adolescent Psychiatry 37,

322–330.

Carlin, J. B., Wolfe, R., Coffey, C. & Patton, G. C. (1999). Tutorial

in biostatistics. Analysis of binary outcomes in longitudinal studies

using weighted estimating equations and discrete-time survival

methods: prevalence and incidence of smoking in an adolescent

cohort. Statistics in Medicine 18, 2655–2679.

Carney, M. W. P., Bacelle, L. & Robinson, B. (1984). Psychosis after

cannabis abuse. British Medical Journal 288, 1047.

Chopra, G. S. & Smith, J. W. (1974). Psychotic reactions following

cannabis use in East Indians. Archives of General Psychiatry 30,

24–27.

Cronbach, L. J. (1951). Coefficient alpha and the internal structure of

tests. Psychometrika 16, 297–334.

Degenhardt, L. & Hall, W. (2001). The association between psychosis

and problematical drug use among Australian adults : findings

from the National Survey of Mental Health and Well-Being.

Psychological Medicine 31, 659–668.

Derogatis, L. R., Lipman, R. S. & Covi, L. (1973). SCL-90: an

outpatient psychiatric rating scale – preliminary report. Psycho-

pharmacology 9, 13–28.

Fergusson, D. M. & Horwood, L. J. (2000). Cannabis use and

dependence in a New Zealand birth cohort. New Zealand Medical

Journal 113, 156–158.

Fergusson, D. M., Horwood, L. J. & Swain-Campbell, N. R. (2002).

Cannabis use and psychosocial adjustment in adolescence and

young adulthood. Addiction (in the press).

Hall, W. (1998). Cannabis use and psychosis. Drug and Alcohol
Review 17, 433–444.

Hall, W. & Babor, T. F. (2000). Cannabis use and public health:
assessing the burden. Addiction 95, 485–490.

Hall, W. & Degenhardt, L. (2000). Cannabis use and psychosis : a
review of clinical and epidemiological evidence. Australian and
New Zealand Journal of Psychiatry 34, 26–34.

Hall, W. & Solowij, N. (1997). Long-term cannabis use and mental
health. British Journal of Psychiatry 171, 107–108.

Hall, W. & Solowij, N. (1998). Adverse effects of cannabis. Lancet
352, 1611–1616.

Hambrecht, M. & Ha$ fner, H. (2000). Cannabis, vulnerability, and
the onset of schizophrenia: an epidemiological perspective.
Australian and New Zealand Journal of Psychiatry 34, 468–475.

Johns, A. (2001). Psychiatric effects of cannabis. British Journal of
Psychiatry 178, 116–122.

Jo$ reskog, K. G. & So$ rbom, D. (1993). Lisrel 8 User’s Reference
Guide. Scientific Software International : Chicago, IL.

Liang, K.-Y. & Zeger, S. L. (1986). Longitudinal data analysis using
generalized linear models. Biometrika 73, 13–22.

McGee, R., Williams, S., Poulton, R. & Moffitt, T. (2000). A
longitudinal study of cannabis use and mental health from
adolescence to early adulthood. Addiction 95, 491–503.

Mathers, D. C. & Ghodse, A. H. (1992). Cannabis and psychotic
illness. British Journal of Psychiatry 161, 648–653.

Moore, H., West, A. E. & Grace, A. A. (1999). The regulation of
forebrain dopamine transmission: relevance to the patho-
physiology and psychopathology of schizophrenia. Society of
Biological Psychiatry 46, 40–55.

Nunez, L. A. & Gurpegui, M. (2002). Cannabis-induced psychosis : a
cross-sectional comparison with acute schizophrenia. Acta
Psychiatrica Scandinavica 105, 173–178.

Poulton, R. G., Brooke, M., Moffitt, T. E., Stanton, W. R. & Silva,
P. A. (1997). Prevalence and correlates of cannabis use and
dependence in young New Zealanders. New Zealand Medical
Journal 110, 68–70.

Seeman, P. (1987). Dopamine receptors and the dopamine hypothesis
of schizophrenia. Synapse 1, 133–152.

Solomons, K., Neppe, V. M. & Kuyl, J. M. (1990). Toxic cannabis
psychosis is a valid entity. South African Medical Journal 78,
476–481.

StataCorp. (1999). Stata Statistical Software: Release 6.0. Stata
Corporation: College Station, TX.

Tanda, G., Pontieri, F. E. & Di Chiara, G. (1997). Cannabinoid and
heroin activation of mesolimbic dopamine transmission by a
common U1 opioid receptor mechanism. Science 276, 2048–2050.

Tennant, F. S. & Groesbeck, C. J. (1972). Psychiatric effects of
hashish. Archives of General Psychiatry 27, 133–136.

Thomas, H. (1996). A community survey of adverse effects of
cannabis use. Drug and Alcohol Dependence 42, 201–207.

Thornicroft, G. (1990). Cannabis and psychosis : is there epidemio-
logical evidence for an association? British Journal of Psychiatry
157, 25–33.

Tien, A. Y. & Anthony, J. C. (1990). Epidemiological analysis of
alcohol and drug use as risk factors for psychotic experiences.
Journal of Nervous and Mental Disease 178, 473–480.

Troisi, A., Pasini, A., Saracco, M. & Spalletta, G. (1998). Psychiatric
symptoms in male cannabis users not using other illicit drugs.
Addiction 93, 487–492.

Williams, J. H., Wellman, N. A. & Rawlins, J. N. P. (1996). Cannabis
use correlates with schizotypy in healthy people. Addiction 91,
869–877.

World Health Organization (1993). Composite International Di-
agnostic Interview (CIDI ). World Health Organization: Geneva.

Wylie, A. S., Scott, R. T. A. & Burnett, S. J. (1995). Psychosis due to
‘ stunk’. British Medical Journal 311, 125.


