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Cannabis and schizophrenia:
A complex relationship

For some who are predisposed
to psychosis, cannabis may
trigger or exacerbate symptoms

pproximately 1 in 200 individuals will be diagnosed

with schizophrenia in their lifetime.! DSM-5 criteria

for the diagnosis of schizophrenia require the pres-
ence of 2 of 5 symptoms: delusions, hallucinations, disor-
dered speech, grossly disorganized (or catatonic) behavior,
and negative symptoms such as flat affect or avolition.?
Multiple studies have found increased rates of cannabis use
among patients with schizophrenia. Because cognitive defi-
cits are the chief predictor of clinical outcomes and quality of
life in individuals with schizophrenia, the cognitive effects
of cannabis use among these patients are of clinical signifi-
cance.® As legislation increasingly allows for the sale, pos-
session, and consumption of cannabis, it is crucial to provide
clinicians with evidence-based recommendations for treat-
ing patients who regularly use cannabis (approximately 8%
of the adult population®). In this article, we analyze several
peer-reviewed studies to investigate the impact of cannabis
use on the onset and development of schizophrenia.

A look at substance-induced psychosis

Schizophrenia is associated with several structural brain
changes, and some of these changes may be influenced by
cannabis use (Box,* page 44). The biochemical etiology of
schizophrenia is poorly understood but thought to involve
dopamine, glutamate, serotonin, and gamma-aminobutyric
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Schizophrenia, cannabis,
and brain changes

Schizophrenia is associated with several
structural changes in the brain, including
lateral ventriculomegaly, reduced prefrontal
cortex volume, and generalized atrophy. These
changes may precede iliness and act as a risk
marker.* A multivariate regression analysis
that compared patients with schizophrenia
who were cannabis users vs patients with
schizophrenia who were nonusers found
that those with high-level cannabis use had
relatively higher left and right lateral ventricle
volume (r = 0.208, P = .13, and r = 0.226,

P = .007, respectively) as well as increased
third ventricle volume (r = 0.271, P = .001).*
These changes were dose-dependent and
may lead to worse disease outcomes.*

acid. Certain positive symptoms, such
as hallucinations, are uniquely human
and difficult to study in animal models.’
Psychoactive substance use, especially can-
nabis, is frequently comorbid with schizo-
phrenia. Additionally, certain individuals
may be more predisposed to substance-
induced psychosis than others based on
genetic variation and underlying brain
structure changes.* Substance-induced psy-
chosis is a psychotic state following the
ingestion of a psychoactive substance or
drug withdrawal lasting 248 hours.* The
psychoactive effects of cannabis have been
associated with an exacerbation of existing
schizophrenia symptoms.” In 1998, Hall’
proposed 2 hypotheses to explain the rela-
tionship between cannabis and psychosis.
The first was that heavy consumption of can-
nabis triggers a specific type of cannabis psy-
chosis.” The second was that cannabis use
exacerbates existing schizophrenia, making
the symptoms worse.” Hall” concluded that
there was a complicated interaction among
an individual’s vulnerability to their stress-
ors, environment, and genetics.

Cannabis, COMT, and
homocysteine

Great advances have been made in our
ability to examine the association between
genetics and metabolism. One example of

this is the interaction between the catechol-
O-methyltransferase (COMT) gene and the
active component of cannabis, delta-9-tetra-
hydrocannabinol (THC). COMT codes for
an enzyme that degrades cortical dopa-
mine. The Val158Met polymorphism of this
gene increases COMT activity, leading to
increased dopamine catabolism, and thus
decreased levels of extracellular dopamine,
which induces an increase in mesolimbic
dopaminergic activity, thereby increasing
susceptibility to psychosis.?

In a study that genotyped 135 patients
with schizophrenia, the Vall58Met poly-
morphism was present in 29.63% of partici-
pants.? Because THC can induce episodes of
psychosis, individuals with this polymor-
phism may be at a higher risk of develop-
ing schizophrenia. Compared to Met carrier
control participants with similar histories
of cannabis consumption, those with the
Vall58Met polymorphism demonstrated
markedly worse performance on tests of
verbal fluency and processing speed.’ This
is clinically significant because cognitive
impairments are a major prognostic factor
in schizophrenia, and identifying patients
with this polymorphism could help per-
sonalize interventions for those who con-
sume cannabis and are at risk of developing
schizophrenia.

A study that evaluated 56 patients with
first-episode schizophrenia found that
having a history of cannabis abuse was
associated with significantly higher levels
of homocysteine as well as lower levels of
high-density lipoprotein and vitamin B12.#
Homocysteine is an agonist at the gluta-
mate binding site and a partial antagonist at
the glycine co-agonist site in the N-methyl-
D-aspartate receptor, which suggests that
homocysteine may contribute to hypo-
functioning of glutamate transmission;
this is implicated in the development of
schizophrenia. These increases in homocys-
teine are also found in siblings of patients
with schizophrenia, which indicates a
possible association between the methy-
lenetetrahydrofolate (MTHFR) gene and
schizophrenia.?

The C677T polymorphism in MTHFR may
predict the risk of developing metabolic syn-
drome in patients taking second-generation



antipsychotics.® Elevations in homocysteine
by as little as 5 pmol/L may increase schizo-
phrenia risk by 70% compared to controls,
possibly due to homocysteine initiating
neuronal apoptosis, catalyzing dysfunction
of the mitochondria, or increasing oxidative
stress.® There is a positive correlation between
homocysteine levels and severity of negative
symptoms (P = .006) and general psycho-
pathology (P = .008) of schizophrenia when
analyzed using the Positive and Negative
Syndrome Scale® Negative symptoms such
as blunted affect, apathy, anhedonia, and loss
of motivation significantly impact the social
and economic outcomes of patients diag-
nosed with schizophrenia.

Research paints a mixed picture

A Danish study analyzed the rates of con-
version to schizophrenia or bipolar dis-
order (BD) among 6,788 individuals who
received a diagnosis of substance-induced
psychosis from 1994 to 2014.° Ten com-
parison participants were selected for
each case participant, matched on sex and
year/month of birth. Participants were fol-
lowed until the first occurrence of schizo-
phrenia or BD, death, or emigration from
Denmark. Substances implicated in the
initial psychotic episode included canna-
bis, alcohol, opioids, sedatives, cocaine,
amphetamines, hallucinogens, and combi-
nations of substances.

The overall conversion rate over 20 years
was 32.2% (95% CI, 29.7 to 34.9), with 26.0%
developing schizophrenia vs 8.4% develop-
ing BD.® Of the substances involved, can-
nabis was the most common, implicated in
41.2% (95% CI, 36.6 to 46.2) of cases.® One-
half of male patients converted within 2.0
years and one-half of female patients con-
verted within 4.4 years after a cannabis-
induced psychosis.

This study had several limitations. It
could not account for any short-term psy-
chotic symptoms experienced by the gen-
eral population, especially after cannabis
use. Such patients might not seek treat-
ment. Thus, the results might not be gen-
eralizable to the general population. The
study did not evaluate if conversion rates
differed based on continued substance use

following the psychosis episode, or the
amount of each substance taken prior to
the episode. Dose-dependence was not well
elucidated, and this study only looked at
patients from Denmark and did not account
for socioeconomic status.

Another Danish study looked at the
influences of gender and cannabis use in the
early course of the disease in 133 patients
with schizophrenia.” These researchers
found that male gender was a significant
predictor of earlier onset of dysfunction
socially and in the workplace, as well as a
higher risk of developing negative symp-
toms. However, compared to gender, can-
nabis use was a stronger predictor of age at
first psychotic episode. For cannabis users,
the median age of onset of negative symp-
toms was 23.7, compared to 38.4 for nonus-
ers (P <.001).°

Cannabis use is significantly elevated
among individuals with psychosis, with a
12-month prevalence of 29.2% compared to
4.0% among the general population of the
United States.!’ In a study that assessed 229
patients with a schizophrenia spectrum dis-
order during their first hospitalization and
6 months, 2 years, 4 years, and 10 years later,
Foti et al'® found that the lifetime rate of
cannabis use was 66.2%. Survival analysis
found cannabis use doubled the risk of the
onset of psychosis compared to nonusers
of the same age (hazard ratio [HR] = 1.97;
95% CI, 1.48 to 2.62, P < .001), even after
adjusting for socioeconomic status, age,
and gender (HR =1.34; 95% CI, 1.01 to 1.77,
P < .05)."° Additionally, Foti et al® found
significant positive correlations between
psychotic symptoms and cannabis use in
patients with schizophrenia over the course
of 10 years. An increase in symptoms was
associated with a higher likelihood of can-
nabis use, and a decrease in symptoms was
correlated with a lower likelihood of use
(adjusted odds ratio = 1.64; 95% CI, 1.12 to
243, P <.0125).0

Ortiz-Medina et al" conducted a meta-
analysis of 22 studies of 15 cohorts from
healthy populations and 12 other cohort
follow-up studies that evaluated the onset
of psychotic symptoms in individuals who
used cannabis. Most studies found associa-
tions between cannabis use and the onset
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of symptoms of schizophrenia, and most
determined cannabis was also a major
risk factor for other psychotic disorders.
Analyses of dose-dependence indicated
that repeated cannabis use increased the
risk of developing psychotic symptoms.
This risk is increased when an individual
starts using cannabis before age 15."! Age
seemed to be a stronger predictor of onset
and outcome than sex, with no significant
differences between men and women. One
study in this review found that approxi-
mately 8% to 13% cases of schizophrenia
may have been solely due to cannabis." The
most significant limitation to the studies
analyzed in this review is that retrospective
studies utilize self-reported questionnaires.

Other researchers have found it would
take a relatively high number of individu-
als to stop using cannabis to prevent 1 case
of schizophrenia. In a study of data from
England and Wales, Hickman et al*? evalu-
ated the best available estimates of the
incidence of schizophrenia, rates of heavy
and light cannabis use, and risk that can-
nabis causes schizophrenia to determine
the number needed to prevent (NNP) 1
case of schizophrenia. They estimated that
it would require approximately 2,800 men
age 20 to 24 (90% CI, 2,018 to 4,530) and
4,700 men age 35 to 39 (90% CI, 3,114 to
8,416) who heavily used cannabis to stop
their consumption to prevent 1 case of
schizophrenia.”? For women with heavy
cannabis use, the mean NNP was 5,470 for
women age 25 to 29 (90% CI, 3,640 to 9,839)
and 10,870 for women age 35 to 39 (90% CI,
6,786 to 22,732).” For light cannabis users,
the NNP was 4 to 5 times higher than the
NNP for heavy cannabis users. This sug-
gests that clinical interventions aimed at
preventing dependence on cannabis would
be more effective than interventions aimed
at eliminating cannabis use.

Medical cannabis and increased
potency

In recent years, the use of medical canna-
bis, which is used to address adverse effects
of chemotherapy as well as neuropathic
pain, Parkinson’s disease, and epilepsy, has
been increasing.’* However, there is a lack

of well-conducted randomized clinical tri-
als evaluating medical cannabis’ efficacy
and safety. As medical cannabis continues
to gain public acceptance and more states
permit its legal use, patients and physicians
should be fully informed of the known
adverse effects, including impaired atten-
tion, learning, and motivation."

Several studies have drawn attention to
the dose-dependence of many of cannabis’
effects. Since at least the 1960s, the concen-
tration of THC in cannabis has increased
substantially, thus increasing its potency.
Based on 66,747 samples across 8 studies,
1 meta-analysis estimated that THC con-
centrations in herbal cannabis increased
by 0.29% (P < .001) each year between
1970 and 2017."* Similarly, THC concentra-
tions in cannabis resins were found to have
increased by 0.57% (P = .017) each year
between 1975 and 2017.* Cannabis prod-
ucts with high concentrations of THC carry
an increased risk of addiction and mental
health disorders.™

Identifying those at highest risk
Despite ongoing research, scientific consen-
sus on the relationship of cannabis to schizo-
phrenia and psychosis has yet to be reached.
The disparity between the relatively high
prevalence of regular adult use of cannabis
(8%7) and the low incidence of cannabis-
induced psychosis suggests that cannabis
use alone is unlikely to lead to episodes of
psychosis in individuals who are not pre-
disposed to such episodes. Sarrazin et al®
evaluated 170 patients with schizophrenia,
31 of whom had cannabis use disorder. They
found no significant difference in lifetime
symptom dimensions between groups, and
proposed that cannabis-associated schizo-
phrenia should not be categorized as a dis-
tinct clinical entity of schizophrenia with
specific features.”

Policies that encourage follow-up of
patients after episodes of drug-induced
psychosis may mitigate the adverse social
and economic effects of schizophrenia.
Currently, these policies are not widely
implemented in health care institutions,
possibly because psychotic symptoms may
fade after the drug’s effects have dissipated.



Despite this, these patients are at high
risk of developing schizophrenia and self-
harm. New-onset schizophrenia should
be promptly identified because delayed
diagnosis is associated with worse progno-
sis.® Additionally, identifying genetic sus-
ceptibilities to schizophrenia—such as the
Vall58Met polymorphisms—in individu-
als who use cannabis could help clinicians
manage or slow the onset or progression of
schizophrenia.> Motivational interviewing
strategies should be used to minimize or
eliminate cannabis use in individuals with
active schizophrenia or psychosis, thus pre-
venting worse outcomes.
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Identifying susceptibilities to schizophrenia may guide interventions in patients
who use cannabis. Several large studies have suggested that cannabis use may

exacerbate symptoms and worsen the prognosis of schizophrenia. Motivational
interviewing strategies aimed at minimizing cannabis use may improve outcomes

in patients with schizophrenia.
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