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Cannabis and Psychosis: What Degree of Proof
Do We Require?
Robin M. Murray and Marta Di Forti

It has been almost 30 years since Andreasson et al. demon-
strated in 1987 an association between cannabis use and
subsequent onset of schizophrenia [reviewed in (1)]. There was
a 15-year gap before any replications of their results were
attempted. However, as Gage et al. (1) point out, many
longitudinal prospective studies have now been published.
All four investigations into the relationship between cannabis
use and subsequent psychotic illness reported a significant
association; three studies that focused on cannabis use and
psychotic experiences also reported a significant association,
and a further three studies showed such an association, which
became attenuated after adjustment for confounders.

Gage et al. exhaustively scrutinize confounding, bias,
misclassification, reverse causation, and other explanations
for the association. They conclude that “Overall, evidence
from epidemiologic studies provides strong enough evidence
to warrant a public health message that cannabis use can
increase the risk of psychotic disorders” (1).

Does this evidence mean that cannabis use definitely
causes psychosis? Providing definite proof that cannabis—
or any of the other environmental risk factors for schizophrenia
—does have a causal role has been impossible until now. In
analogous investigations of the etiology of medical diseases,
epidemiologic studies generally provided clues, which were
followed by experiments to directly test whether or not
exposure to the risk factor produced the characteristic pathol-
ogy of the disease in question.

Several experiments have demonstrated that acute admin-
istration of Δ9-tetrahydrocannabinol (THC), the psychoactive
ingredient of cannabis, does induce transient psychosis as
well as cognitive and electroencephalography changes con-
sistent with psychosis. Animal studies have also been carried
out; however, as there is no good animal model of psychosis,
it is unclear what changes THC would need to induce in an
animal to provide proof that it can cause psychosis.

The variability of potency of cannabis also poses problems.
Taking an alcohol history is not simple because alcohol can be
drunk in many guises and in many strengths; nevertheless, it
remains the same single molecule. In contrast, the cannabis
plant produces at least 80 chemicals, and the two best known
(THC and cannabidiol [CBD]) vary not only in their strength but
also in their ratio in different types of cannabis.

Over the last 5 decades, selective breeding has increased
the concentration of THC in the cannabis available in many
countries. For example, the THC content of cannabis in the
1960s in England and The Netherlands was ,3%; high-
potency varieties now available average 16% in England and
20% in The Netherlands. Furthermore, traditional hash (resin)
contains THC and a similar proportion of CBD, but new

varieties, such as sinsemilla, have high levels of THC but
practically no CBD. In experimental studies, CBD ameliorates
the psychotogenic properties of THC (2), and cannabis users
with THC and CBD in hair samples are less likely to have
psychotic symptoms than cannabis users with only THC in
their hair. Di Forti et al. (3) showed that the risk associated with
use of high-potency cannabis is much higher than the risk
associated with use of hash (resin).

Two other trends have recently emerged. Novel methods of
preparing cannabis have resulted in products with THC
content of up to 40%. Although these products are not yet
widely available, synthetic cannabinoids have become widely
available. Although THC is a partial agonist at the cannabinoid
type 1 receptor, many synthetic cannabinoids are agonists.
Consequently, acute psychosis is a more frequent adverse
event.

One argument against cannabis having a causal role in
psychosis is that cannabis use became more common in the
latter part of the 20th century without an obvious change in the
incidence of schizophrenia. There is little reliable evidence on
temporal trends in the incidence of schizophrenia, so it is
difficult to know whether this statement is true or not. What we
do know is that the incidence of schizophrenia is higher in
countries such as England and The Netherlands where high-
potency cannabis has taken over the market compared with
countries such as Italy where more traditional forms of
cannabis are smoked.

Furthermore, in multifactorial conditions such as psychosis,
an increase in one risk factor may be balanced by a decrease
in another. Deaths from cardiac disease have declined in many
countries despite increased obesity, but that does not mean
that obesity is unrelated to cardiac disease; the coincident
decline in tobacco smoking may be one explanation. This
decline may also be relevant to the present discussion, as
there have been recent suggestions that tobacco smoking
may also increase risk of psychosis (4).

Hints for causality come from clinical studies. Cannabis
users who develop a psychotic disorder present to psychiatric
services at a significantly younger age than patients with
psychosis who never used cannabis. One study suggested a
dose-response association, with daily users of high-potency
cannabis experiencing their first episode of psychosis, on
average, 6 years younger than never-users (5).

It is often claimed that individuals with psychosis start using
cannabis to deal with prodromal symptoms or for unpleasant
symptoms of psychosis itself. However, there is little evidence
for this claim. Empirical studies make it clear that patients with
psychosis use cannabis for the same hedonic reasons as the
rest of the population. Although many patients with psychosis
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know that they will develop paranoid ideas, the immediate
enjoyment outweighs this (6).

The detrimental effect of continuing cannabis use by
patients with established psychosis was illustrated by a recent
meta-analysis (7), which showed that patients with psychosis
who continued cannabis use had a much higher rate of relapse
than either patients who discontinued cannabis use or never-
users of cannabis. This finding will be no surprise to clinicians
who have repeatedly observed the rapid relapse into psycho-
sis induced by return to use of cannabis.

Some patients with psychosis are unable to stop using
cannabis, perhaps because they are dependent on the drug.
Positron emission tomography studies have shown that
cannabis users, similar to people dependent on other drugs,
show decreased striatal dopamine. In contrast, people with
idiopathic schizophrenia generally have increased synthesis of
striatal dopamine.

The evidence that only a small minority of even heavy users of
cannabis develop psychosis implies that individuals vary in their
susceptibility. Two case-control studies have reported that a
variant of AKT1 increases risk of psychotic illness among
cannabis users, and a third study has shown that users who
carry this variant show a greater psychotogenic response to
smoked cannabis (8). Another report indicated that a variant in
the dopamine D2 receptor gene may also increase psychosis risk
(9). The involvement of these two postsynaptic genes is compa-
tible with the proposal that the mechanism underlying cannabis-
related psychosis is postsynaptic supersensitivity (10).

There are many loci associated with increased risk of
schizophrenia. It is still unclear whether cannabis interacts
with the general genetic susceptibility to schizophrenia or with
just a few genes, for example, more involved in the cannabi-
noid and dopamine systems.

In conclusion, Gage et al. argue for more epidemiologic
studies. These studies should acquire detailed information
concerning not only the quantity and frequency but also the
type of cannabis used and the use of synthetic cannabinoids;
the role of THC concentration and the THC/CBD ratio needs to
be elicited more clearly. We need to establish whether
adolescents and people with a genetic predisposition to
schizophrenia are particularly susceptible, as some studies
suggest. The application of the polygenic risk score for
schizophrenia should enable us to establish the latter as well
as allow us to see whether there is a correlation between the
polygenic risk score and the use of cannabis; one study has
suggested that only a small proportion of cannabis use can be
explained by the polygenic risk score, but this needs to be
replicated.

Gage et al. remind us that prevention is better than
treatment. In this regard, it is worth recalling the many years
it took for cigarette smoking to be accepted as a cause of lung
cancer and that 4 decades passed before serious attempts
were made to persuade people to stop smoking tobacco.
Given the lack of an equivalent of painting tobacco tar on mice
to demonstrate its carcinogenicity, it is not sensible to wait for
absolute proof that cannabis is a component cause of
psychosis. Estimates of the population attributable fraction
suggest that 8%–24% of psychosis in different countries
could be prevented if heavy cannabis use was prevented (3).
In our view, there is already sufficient evidence to warrant

public education regarding the risks of heavy use of cannabis,
particularly of high-potency varieties. It is important not to
exaggerate the risks and to take care to ensure that public
education does not get confused with the highly charged
debate for and against decriminalization or legalization.

Legalization of cannabis in parts of North America will
provide “natural” experiments concerning population exposure
to cannabis. Will this legalization lead to higher consumption
and to a move toward more potent forms of cannabis, or,
paradoxically, could it popularize safer varieties? It is impor-
tant that researchers take the opportunity to monitor such
changes and the effects on psychosis.
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