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Abstract

Introduction: Schizophrenia is a psychiatric disorder that could be related to cannabis use.

Pathogenic relationship between cannabis and schizophrenia: Environmental and biological factors are
involved. The physiopathology of schizophrenia is characterized by physiological and anatomic altera-
tions of the central nervous system. Cannabis alters the central nervous system, the immune system, and
other tissues.

Factors involved in the relationship between cannabinoids and schizophrenia: The mutation in the gene
that encodes neuregulin-1 could be related to a higher sensitivity to the sedative effects of cannabinoids
and to the development of extreme anxiety induced by stress. Consequently, this could represent a po-
tential risk factor. Another potential risk factor is the presence of adverse life events, such as experiencing
a breakup during adolescence or even belonging to a dysfunctional family. Furthermore, having a lower
socioeconomic status could be related to a higher frequency of drug abuse.

Discussion: According to the evidence shown in some cohort studies, cannabis use increases the possi-
bility of experiencing psychotic symptoms. In addition, it has been observed that those who suffer from
non-psychotic psychiatric diseases are not appropriate for studies on cannabis studies and its relations-
hip with a potential development of schizophrenia. A potential source of bias in these types of research
studies is the use of non-anonymous and self-administered use questionnaires. Some confusing factors to
consider when analyzing the potential relationship between schizophrenia and cannabis use are socioeco-
nomic aspects, psychological aspects, sex, age and the ethnic group of the individuals.

Conclusion: It seems that there is enough evidence of the causal relationship between cannabis and schi-
zophrenia. However, it would be necessary to study how to avoid the development of this disorder in
a sample of at least 1300 individuals at risk of suffering from schizophrenia induced by cannabis. It is
possible to conclude from this review that there is a causal relationship between cannabis use and the
development or worsening of schizophrenia.
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of functioning regarding one or more life aspects,
such as work or interpersonal relationships, among
others. Nowadays, it is estimated that schizophre-
nia affects around 0.3 to 0.7% of the population at
some point in their life. However, some variations
related to different factors, like the ethnic group of
the individual, have been found.,.

1. Introduction

According to the DSM-5 (1), schizophrenia is a di-
sorder in which the patient must have experienced
at least two or more of the following symptoms,
each present for a significant portion of time during
a one-month period (or less if successfully treated):
delusions, hallucinations, disorganized speech,

grossly disorganized or catatonic behavior, and Cannabis is also reviewed in this article, since

negative symptoms. At least one of the symptoms
must be the presence of delusions, hallucinations,
or disorganized speech. Schizophrenia is diagno-
sed when such symptoms persist for at least six
months, during which the patient must experien-
ce at least a month of active symptoms (or less if
successfully treated, as mentioned above), Fur-
thermore, schizophrenia causes decreased levels

there is an increase of the possibility of suffering
from a psychotic disorder when there is cannabis
use. Throughout history, this drug has become in-
creasingly popular, ranking today as the most used
illegal drug in the European Union. In addition, it
is estimated that 16% of the population aged 15 to
64 have used cannabis at least once in their lifetime
(2). As shown in Table 1, there has been an increase
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of the prevalence of cannabis use among Spanish
secondary education students from 1994 to 2004 (3),
when it reaches a peak (indicated with the numbers
in red in the figure). Right after that peak, canna-
bis use rate decreases. However, according to re-
cent surveys, an increasing prevalence of cannabis
use can be observed once again. Nevertheless, the
starting age of cannabis use has remained constant
through all the surveys.

Taking into account all this information, the
main goal of this review is to observe the potential
causal relationship between cannabis use and the
subsequent diagnosis of schizophrenic disorder by
reviewing the available bibliography.

2. Pathogenic relationship between
cannabis and schizophrenia

2.1. Schizophrenia pathogenesis

The pathogenesis of schizophrenia is still unclear.
It is a complex disease which results from the inte-
raction between genetic and environmental factors.
This was determined after observing the concor-
dance rate of schizophrenia in monozygotic twins,
which is about 40-50%, whilst the concordance rate
in dizygotic twins is only about 10-15% (4). Based
on its symptoms and signs, these are the neurophy-
siological hypotheses about schizophrenia patho-
genesis:

* Dopamine hypothesis: patients with schi-
zophrenia have an alteration in dopamine re-
lease. This results in a dopaminergic hyperacti-
vity in the corpus striatum, and a dopaminergic
hypofunction in extrastriatal areas (5).

* Glutamate hypothesis: patients with schi-
zophrenia have a hypofunction of the glutama-
te receptors (NMDA) (6).

* Interneuron dysfunction hypothesis: patients
with schizophrenia have a reduced interneuron
activity in the dorsolateral prefrontal cortex.
Among the various types of interneurons, par-
valbumin-expressing GABAergic interneurons
are the ones affected. These interneurons inhibit
pyramidal neurons (7).

Furthermore, certain morphological abnormali-
ties have been found in patients with schizophre-
nia. For instance, brain volume and, specifically, hi-
ppocampal volume are reduced; whilst ventricular
volume is increased (8).

2.2. Cannabis physiology

The main psychoactive substance in cannabis is del-
ta-9-tetrahydrocannabinol (THC). This substance is
an agonist of the cannabinoid receptor. The can-

nabinoid receptor is a G protein-coupled receptor
which inhibits adenylcyclase and stimulates potas-
sium conductance. There are two types of receptors:

e CBI: It is found in the central nervous system
(CNS). It inhibits the release of acetylcholine,
L-glutamate, GABA, noradrenalin, dopamine,
and 5-hydroxytryptamine.

e (CB2: It is found in immune system tissues, in
peripheral nerve endings and in deferent ducts.
It is also involved in the regulation of immune
and inflammatory responses.

THC has several neuropsychiatric effects due to
its union to CB1 in the CNS: it triggers a state of eu-
phoria in the patient; it reduces anxiety, the sense of
alert and tension; it slows reaction time; and it im-
pairs attention, concentration, short term memory,
and risk assessment (9). It also reduces cholinergic
activity and blood flow in the hippocampus.

2.3.Relationship between cannabis and schizophrenia

Several cases of psychosis have been observed af-
ter using high doses of cannabis (11). Moreover,
some cases of patients with controlled schizophre-
nia whose psychosis was exacerbated after canna-
bis use have also been observed (12). A prospective
study with 45,570 Swedish individuals found a do-
se-dependent relationship between the frequency
of cannabis use and schizophrenia development
risk in the following 15 years (10). As shown in Fi-
gure 1 and in Table 2, the increase of self-declared
cannabis use is related to an increase of schizophre-
nia cases among the individuals of the study. In
schizophrenia, dopamine, glutamate, and GABA
activity are altered. THC alters the activity of neu-
rotransmitters due to its agonist action in CB1. Fur-
thermore, in schizophrenia, hippocampus volume
and its blood flow are reduced. Taking all of this
into consideration, it seems that there are some bio-
logical mechanisms related to the exposure to THC
with schizophrenia.

3. Factors affecting the relationship between
cannabinoids and schizophrenia
3.1. Genetic factors

Neuregulin-1 (NRG1) type IV is a protein that
affects the central nervous system and embryoge-
nesis development. These isoforms participate in
neuronal migration and differentiation. They affect
glutamatergic synaptic vesicles, acting through
NMDA receptors in the expression and the activa-
tion of glutamate and other receptors, such as gam-
ma-aminobutyric acid (GABA) receptors.

The gene encoding NRG1 is located on chromo-
some 8p. NRGI1 type IV has only been detected in
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the brain and its alteration was associated with a
decrease in grey and white matter volume, with
white matter structural defects and with increased
ventricular volume. A study in mice showed that
neuregulin-1 mutant mice were more sensitive to
the sedative action of cannabinoids and that they
developed stress-induced anxiety. Furthermore, in
a genome-wide study of a sample of African-Ame-
rican individuals, NRG1 was found to be similar to
a susceptibility gene for cannabis dependence. Stu-
dies on humans did not have uniform results regar-
ding the relationship between a mutation in NRG1
and schizophrenia. However, collected data on the
connection between mutations in NRG1 and lower
stress tolerance and increased sensitivity to canna-
binoids imply that it can serve as a risk factor. This
is due to the fact that the subjects suffering from
schizophrenia, as well as their relatives, experien-
ced a higher number of adverse life events and a hi-
gher drug use (e.g. tobacco, alcohol, cannabis) (13).

3.2. Age and sex

Evidence suggests that there is a strong association
between the cannabis use at an early age and the
subsequent development of mental disorders (e.g.
schizophrenia). On the contrary, such association
was not observed in patients who began cannabis
use at a later age (13).

Regarding gender differences, studies of cohorts
of adolescents who had experienced stressful life
events suggested that women participating in the
study were more affected by stress than men. This
finding might be confusing when observing the re-
lationship between stressful life experiences and
drug use (e.g. tobacco, drugs of abuse), in which
there were no significant differences between both
sexes (14, 15).

3.3. Adverse life events

Those who experienced a higher number of adverse
life events were more likely to use drugs, starting
at an early age, and to suffer from schizophrenia in
adulthood (13). The article published by Low et al.
(16) intended to make a connection between daily
stress, mental health and drug use in adolescence.
This article concludes that, according to the sta-
tistics, breakup stress was significantly associated
with the relationship between mental health and
drug use (except for illicit drugs use). Family dys-
functionality was significantly associated as well
with depression symptoms, marijuana use, and ci-
garette use.

3.4. Socioeconomic situation

The article written by Marilis Vaht et al. (13) indica-
ted that the association between cannabis use and

the subsequent development of schizophrenia was
only shown in the cohort of younger subjects. Con-
sequently, the authors concluded that it was neces-
sary to take into account the socioeconomic situa-
tion of the country during the period in which the
study was conducted to interpret this association.
Studies conducted in most of Latin-American coun-
tries, likewise to those conducted in countries with
higher income, showed divergent results in relation
to the association between the individual socioeco-
nomic status and the presence of mental disorders.
Nevertheless, a more frequent use of illicit drugs,
such as marijuana and cocaine, has been observed
among people with a lower socioeconomic status
17).

4. Discussion
4.1. Source reliability

We based our research on cohort studies and their
reviews. Several of the results shown in the sources
could be limited because their data only regarded
cannabis use before conscription (10, 18) or because
their data was inconsistent and inadequately stan-
dardized (19). Therefore, these sources could reflect
a type of information bias.

On the other hand, the diagnosis was based
on standardized and official surveys, whilst the
surveys about cannabis use were not. Another
source of information bias could be the fact that
the self-reported surveys were not anonymous,
although the error could be higher by using
anonymous questionnaires (10, 20). In addition,
this could lead to an anamnestic bias, underes-
timating drug use by non-psychotic patients.
The study Trends in cannabis use prior to first
presentation with schizophrenia, in South-East
London between 1965 and 1999 (21) was con-
ducted by studying patients with non-psycho-
tic psychiatric disorders. This explains why the
sample regarding cannabis use could not have
been representative of the general population
and, consequently, why it could have underes-
timated certain values. The reviews were based
on large cohort studies that included well-desig-
ned models (22, 24)

4.2. Cause-effect relationship

The hypothesis considering cannabis use as causal
factor of schizophrenia is being questioned today.
Many researchers consider that this statistical as-
sociation could be caused by confounding factors.
On the contrary, a great quantity of scientific evi-
dence has supported this relationship. For instan-
ce, important cohort studies suggest that cannabis
could have a dual effect, having a direct causality
relationship with shared vulnerabilities.
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Regarding the confounding factors, we based our
study on research focused on socioeconomic and
psychological aspects of the population and other
variables dependent on each person (e.g. sex, ethnic
group, age). In both types of research, even though
variables such as being a man or being young su-
ggested a higher drug use, the most confounding
variable was the diagnosis of schizophrenia before
the scientific conscription. However, once this effect
was mitigated, the relationship between cannabis
and schizophrenia was still significant.

Cannabis and dopamine biological mechanisms
(22), as well as the discoveries that relate the NRG1
polymorphism with drug abuse (13), indicate a plau-
sible biological mechanism that reinforces the hypo-
thesis. Furthermore, the dosis-effect relationship be-
tween cannabis and its psychotic symptoms and a
temporal sequence between previous cannabis use
and development of schizophrenia have been ob-
served in several studies (23). Probably, precocious
schizophrenia entails a higher cannabis use (25), but
studies have concluded exactly the contrary (19).

According to the study What has research over
the past two decades revealed about the adverse
health effects of recreational cannabis use? (23), re-
gular cannabis users double their risks of experien-
cing psychotic symptoms and disorders, especially
if they have a personal or familiar history of psy-
chotic disorders, and if they initiate cannabis use
in their adolescence. However, it is important to
highlight that, despite the rise of cannabis use over
the last decades, the number of patients with schi-
zophrenia remains stable (19).

5. Conclusion

Nowadays, the question about the role of cannabis
in schizophrenia disorder has been widely explo-
red, mainly by cohort studies or longitudinal stu-
dies, as shown in Table 3 (26). Regarding the discus-
sion on cannabis legalization, it is relevant to point
out its role in schizophrenia pathology. According
to Grant S. (22), it seems that there is enough evi-
dence to state that cannabis takes part in certain
causal mechanisms of schizophrenia. However, it
was estimated that, in order to prevent a single case
of psychosis induced by cannabis, it would be ne-
cessary that more than 1,300 men aged 20-24 were
prevented from becoming heavy cannabis users. In
conclusion, it is possible to declare that there is a
relationship between cannabis use and the develop-
ment or worsening of schizophrenic episodes.
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Annex I: Tables

1994 20.9 18.2 12.4 15.1
1996 26.4 23.4 15.7 15.1
1998 29.5 25.7 17.2 15

2000 B 28.8 20.8 14.9
2002 37.5 36.6 25.1 14.7
2004 427 36.6 25.1 14.7
2006 36.2 29.8 20.1 14.6
2008 352 30.5 20.1 14.6
2010 33 26.4 17.2 14.7
2012 33.6 264 16.1 14.9
2014 29.1 25.4 18.6 14.8
2016 31.1 26.3 183 14.8

Table 1: Progress in prevalence and starting age of cannabis use among Spanish students between 1994
and 2016.

Source: Alvarez E, Brime B, Llorens N, Molina M, Sanchez E, Sendino R. Estadisticas 2018 Alcohol, tabaco y drogas ilegales en Espafia Encuesta
sobre uso de drogas en ensenanzas secundarias en Espafna (ESTUDES), 1994-2016. [online]. Madrid: Ministerio de sanidad, consumo y bienestar;
2018. [last access: 20/03/2019]. Available at: http:/ /www.pnsd.mscbs.gob.es/profesionales/ sistemasInformacion/ sistemalnformacion/ pdf/ES-
TUDES_2018_Estadisticas.pdf

0 41280 (90.6) 197 10 -
1-10 2836 (6.2) 18 13 0.8-2.2
11-50 702 (1.5) 10 30 1.6-5.5
>50 752 1.7) 21 60 4.0-8.9

Table 2: Cannabis use and schizophrenia.

Source: Andréasson S, Allebeck P, Engstrom A, Rydberg U. Cannabis and Schizophrenia: A Longitudinal Study of Swedish Conscripts. Lancet.
1987;330(8574):1483-486. doi: 10.1016/B978-0-12-804791-0.00011-2.
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Phillips et al. Australia 2002 100 N/A 4 to 1051 days
Weiser et al. Israel 2002 9724 2.0(1.3-3.1) 4 to 15 years
Verdoux et al. France 2003 685 N/A N/A
Degenhardt et al. Australia 2003 N/A N/A N/A
Buchy et al. North America 2014 170 N/A 4 years
Valmaggia et al. England 2014 182 N/A 2 years
Camchong et al. - 2016 55 N/A 18 months
*N/A Not available

Table 3: Longitudinal studies on the role of cannabis as a risk factor of developing schizophrenia in spe-
cific populations.

Source: Ortiz-Medina MB, Perea M, Torales J. Cannabis consumption and psychosis or schizophrenia development. Int ] Soc Psychiatry. 2018
Nov;64(7):690-704. doi: 10.1177/0020764018801690.

Annex II: Figures
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Figure 1: Schizophrenia rates after different levels of cannabis use in the compulsory Swedish military
service. When the frequency of cannabis was more than fifty times, schizophrenia cases among recruits
were over 25%.

Source: Andréasson S, Allebeck P, Engstrom A, Rydberg U. Cannabis and Schizophrenia: A Longitudinal Study of Swedish Conscripts. Lancet.
1987;330(8574):1483-486. doi: 10.1016/B978-0-12-804791-0.00011-2.




