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BACKGROUND

Cannabis is one of the most popular recreational
drugs. The rates of use and dosage, based on the levels of
active compounds present in street drugs, is thought to be
climbing in the UK and Europe; 40% of 15 years olds in
the UK are thought to have tried the drug. There is no dis-
pute that cannabis intoxication can cause brief psychotic
episodes or short-term relapse of pre-existing psychotic
symptoms (Negrete et al., 1986; Thornicroft,1990;
Mathers & Ghodse, 1992). More worryingly, during the
past few years a number of studies have indicated that
exposure to cannabis is associated with cognitive impair-
ment and the risk (about two fold) of developing psy-
chosis (Ashton, 2002; Iversen, 2003; Arseneault et al.,
2004).

It is quite surprising that it has taken more than fifteen
years to produce public health interest in the association
between one of the most widely used psychotropic drugs
and one of the most devastating of mental illnesses. In
1987 Andreasson described an association between
cannabis use and onset of psychosis (Andreasson et
a/., 1987). This landmark cohort-study of 45,000 Swedish
male conscripts (representing 97 percent of men age 18-
20 in the population at that time) and a 15-year follow up,
found that heavy use of marijuana at age 18 increased the
risk of schizophrenia later in life by six times. There was
a dose-response relationship between cannabis use at age
eighteen and schizophrenia diagnosis 15 years later.
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However only 3% of conscripts heavy cannabis users
went onto develop schizophrenia, suggesting that
cannabis might exert its causal role only in already vul-
nerable individuals.

RECENT STUDIES

In 2002, Zammit conducted a follow-up of the same
Swedish Conscript Cohort (Zammit et al. ,2002). Heavy
cannabis users were 6.7 times more likely than non-users
to be diagnosed with schizophrenia later in life. The same
risk was described in a sub-sample of conscripts who
only smoked cannabis as opposed to using other drugs as
well. Zammit challenged the self-medicating hypothesis
that explains the association between cannabis and schiz-
ophrenia as a consequence of prodromal manifestation of
psychosis. He repeated the analyses on those individuals
who developed schizophrenia only 5 years later after con-
scription. He found no difference between the results
obtained and those from the entire cohort. Therefore he
concluded that this study supported a causal role for
cannabis in the onset of schizophrenia.

Jim Van Os conducted analyses of the Netherlands
Mental Health Sun'ey and Incidence Study (NEMESIS)
examining the effect of cannabis use on psychotic symp-
toms among the general population (Van Os et al., 2002).
In this study, 4045 psychosis- free and 59 subjects with
self reported symptoms of psychosis were assessed at
baseline, and then at one year and three years follow up.
Even after statistical adjustment for factors including eth-
nic group, marital status, educational level, urbanicity
and discrimination, the individuals using cannabis at
baseline were three times more likely to report psychotic
symptoms at follow up. The short interval between base-
line and follow-up assessment does not allow one to ver-
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ify a temporal priority in the association between
cannabis and psychosis. However, the results confirm
that cannabis is an independent risk factor for the onset of
psychosis in previously healthy individuals and that
cannabis use is associated with poor outcome in individ-
uals with an established psychosis vulnerability.

In the Christchurch Health & Development Study in
New Zealand, a birth cohort of 1055 children studied
annually throughout childhood, data on cannabis use and
psychotic symptoms (10 items from the SCL-90) were
collected at ages 18, 21, 25 (Fergusson, 2003; Fergusson
et al, 2005). Cannabis use had a positive and significant
effect on psychotic symptoms (p<0.001) implying that
increasing cannabis use was associated with increasing
symptoms levels. The effect of psychotic symptoms was
negative; if anything the development of these symptoms
may have inhibited rather than encouraged cannabis use.

Similarly, a general- population birth cohort of 1034
children born in Dunedin, New Zealand, inl972-1973
was assessed 10 times from age 3. At age 11, they were
interviewed by a child psychiatrist, and at ages 15 and 18
they were asked about drug consumption. At age 26, 96%
were interviewed using a standardized psychiatric inter-
view schedule yielding Diagnostic and Statistical
Manual of Mental Disorders (DSM IV) and 3.7% met
criteria for schizophreniform psychosis (Arseneault et al,
2002). Study participants who used cannabis at age 15
and 18 reported higher rates of psychotic symptoms at
age 26 compared to non-users. Furthermore, 10% of the
age 15 cannabis smokers in the Dunedin cohort were
diagnosed with schizophreniform disorder at age 26 com-
pared with 3% of the non-using control group. This study
also elegantly indicates "specificity of outcome":
cannabis use by age 15 did not predict depressive out-
comes at age 26 and "specificity of exposure": the use of
other illicit drugs in adolescence did not predict schizo-
phreniform outcomes over and above the effect of
cannabis use (Arseneault et al., 2002).

Some criticism though can be made of the above stud-
ies. Their lack of homogeneity of measures of schizo-
phrenia outcome make it difficult to draw a firm conclu-
sion on schizophrenia from the findings reported.
However they all consistently show that cannabis users
have an elevated risk for psychosis later in life. Another
limitation derives from the fact that measures of cannabis
use were based on self-report and not supplemented by
urine tests or hair analyses. The Dunedin study is the only
study to date to clearly establish temporal priority
between cannabis use and adult psychosis.

Some have claimed that these studies may be con-
founded by the effect of stimulant drug use such as

amphetamines, phenylcycline and LSD which are
thought to be psychotogenic (Murray et al., 2003); use of
other drugs among young adults is almost always preced-
ed by cannabis consumption (Fergusson & Hardwood,
2000). Nevertheless the evidence for the association
between cannabis use and later schizophrenia in the
Dunedin, NEMESIS and Swedish studies held even when
adjusting for the use of other drugs (Arseneault et al.,
2002; Van Os et al., 2002; Zammit et al, 2002).

A further contribution to the understanding of the
association between cannabis use and schizophrenia
comes from " High-Risk Studies". An analyses of the
Edinburgh High-Risk study reported that both individuals
at high genetic risk of schizophrenia (with two affected
relatives) and individuals with no family history of schiz-
ophrenia were at increased risk of psychotic symptoms
after cannabis use (Miller et al, 2001).

MECHANISM

The above epidemiological studies indicate that
cannabis use is a risk factor for schizophrenia, and that
the association appears stronger if individuals are
exposed to cannabis in early adolescence suggesting a
developmental effect. But how could cannabis cause psy-
chosis? The endocannabinoid system modulates neuro-
transmitter systems including GABAergic, dopaminer-
gic, and glutamaergic systems, all potentially involved in
the aetiology of psychosis. Evidence of a modulating role
of cannabinoids in neurotransmitters release is compati-
ble with the pre-synaptic rather than post- synaptic pre-
dominant location of the CB1 cannabinoid receptors. In
both animal and human brain, CB1 receptors are found in
high densities in the limbic forebrain, particularly the
hypothalamus and the anterior cingulated cortex, and in
the hippocampus (Herkenham et al, 1991; Elphick &
Egertova, 2001), cortical areas thought to be implicated
in the pathophysiology of schizophrenia.

Pharmacological studies with cannabis or delta-9-tetra-
hydro-cannabinoid (THC) in humans have examined the
specific psychotogenic effect of cannabis. D'Souza et al.
(2004) in a double blind, placebo to schizophrenia cases
and healthy volunteers. Controls with a family history of
psychiatric disorders were excluded, and both cases and
controls with a current history of substance misuse other
than nicotine were excluded. Subjects were randomly
administered 2.5 or 5 mg of delta-9-THC or the placebo
intravenously (over 2 minutes). The assessment of psy-
chotic symptoms was carried out using standardized
interviews such as the PANSS. They also assessed mood
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state before and several times after the drug administra-
tion. 10-20 minutes after delta-9-THC administration both
stable medicated patients with schizophrenia and healthy
volunteers presented transient increase of schizophrenia-
like positive and negative symptoms: resolving within a
four hours observation period.

Most interestingly, schizophrenia patients reported an
exacerbation of positive symptoms unique to their illness
presentation (e.g. patients with predominantly persecuto-
ry delusions reported more persecutor)' delusion after
delta-9-THC administration), and healthy controls report-
ed a full range of schizophrenia like symptoms. Healthy
volunteers also showed a dose-related effect of delta-9-
THC on immediate and delayed word recall, sparing
recognition recall, impaired performance on tests of dis-
tractibility, verbal fluency, working memory; increased
plasma cortisol was associated with anxiety and euphoria.
However, the delta-9-THC doses employed in this study
are much higher than those typically present in herbal
cannabis preparation, and this may have been exaggerat-
ed by the intravenous mode of administration, resulting in
faster delivery and higher brain concntrations than is typ-
ically achieved by recreational users. This study, although
consistent with most of the current literature associating
cannabis and schizophrenia raise questions about their
social relevance and generalizibility.

Chronic cannabis use (Solowij et al., 2002; Lindqvist
et al, 2001; Block et al, 2002) has been associated with
deficits in prefrontal cortex functions, such as impaired
memory and attention, which are also found in schizo-
phrenia (Bunney & Bunney, 2000; Weinberger et al.,
2001). These effects are potentially mediated through
diminished dopamine transmission in the prefrontal cor-
tex (Egan et al., 2001; Verrico et al., 2003. Decreased
frontal dopamine is known to be associated with a recip-
rocal increase in meslimbic dopamine, and Voruganti et
al. (2001) showed, by accident in one subject, that smok-
ing cannabis caused a 20% decrease in striatal D2 recep-
tor binding "suggestive of increased synaptic occupancy"
and increased mesolimbic dopamine activity, a mecha-
nism implicated in hallucinations and delusions. In rats,
Tanda et al. (1997) showed that intravenous THC increas-
es extra cellular dopamine in the shell of nucleus accum-
bens. In 1999 Gorriti et al. (1999) studied the effect of
amphetamine on rats with and without pre-treatment with
THC indicating that chronic treatment with THC induced
sensitization to psychomotor effects of amphetamine.
This suggests a common effect in dysregulating dopamine
systems.

However, there have been relatively few laboratory
based and neuroimaging studies so the exact mechanism

underlying the capacity of cannabinoids to induce psy-
chosis remains unclear.

VULNERABILITY

Finally, we are left with the most intriguing question
animating the public and scientific debate: Why do only
a small proportion of cannabis users develop psychotic
symptoms or schizophrenia?

Cannabis does not have severe long term effects for
the majority of users, but it is appears that some individ-
uals are more vulnerable to its schizophrenogenic effects
than others, and that the timing of use may amplify its
effect; use in adolescence seems to be more hazardous.
Genetic vulnerability is supported by evidence of a gene
by environment (G x E) interaction between a functional
polymorphism in the catechol-O-methyltransferase gene
(COMT) and exposure to cannabis. This polymorphism
is weakly associated with schizophrenia (Lewis et al.,
2003), and the enzyme it produces has an essential role in
the breakdown of dopamine in the prefrontal cortex.
COMT appears to moderates the influence of adolescent
cannabis use on the development of adult psychosis, with
a five-fold increased risk of developing schizophreniform
disorder in cannabis users with the high activity Val
allele (COMT) (Caspi et al., 2005).

CONCLUSION

The definition of a cause of a disease is an antecedent
event, condition or characteristic that is necessary for the
occurrence of the disease at the moment it occurred,
given that other conditions are fixed (Rothman &
Greenland, 1998).Cannabis is not a necessary cause of
schizophrenia in that most individuals with the illness
have not smoked it. Neither is cannabis a sufficient cause
in that most cannabis users do not develop schizophrenia.
However, the available evidence indicates that cannabis
acts as a component cause and part of a constellation of
causes including genetic predisposition.
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