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Abstract

Abundant literature suggests the hypothesis that cannabis use leads to the
onset of psychotic symptoms. However, the nature of the association and the
causal link remain controversial. This review aims to identify the risk factors
involved in the etiopathogenesis of psychosis or psychotic features. Our elec-
tronic search found 1653 studies published until March 1* 2020. Longitudinal
studies and literature reviews were selected if they addressed specifically the
issues of the cannabis/psychosis relationship and the eventual risk factors in-
volved. Our systematic review identified six potential risk factors involved in
the association. They are, in decreasing importance, the dose-response rela-
tionship (quantity, frequency and duration of cannabis use), the early age of
cannabis consumption, genetic susceptibility, childhood trauma, cigarette
smoking and urban environment. In contrast, a significant inverse relation-
ship exists between cannabidiol (CBD) and psychosis: cannabidiol is asso-
ciated with less psychotic symptoms and manifests antipsychotic properties.
Further studies are needed to establish a clear causal relationship between
cannabis and psychosis and to identify the qualitative and quantitative con-
tribution of specific risk factors on its onset and sustainability.
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1. Introduction

Cannabis is the most widely used drug in the world. According to the United
Nations Office on Drugs and Crime, the number of cannabis consumers world-
wide was estimated in 2018 to be 192 million users, with the highest prevalence

been among young people [1].
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Cannabis contains 565 known chemicals, of which 144 are grouped under the
name cannabinoids. The major psychoactive ingredient of cannabis is delta
9-tetrahydrocannabinol, commonly known as THC. Other cannabinoids present
in Indian hemp include delta 8-tetrahydrocannabinol (A*THC), cannabidiol
(CBD), cannabinol (CBN), cannabicyclol (CBL), cannabichromene (CBC) and
cannabigerol (CBG) [2] [3].

Cannabinoids exert some of their actions by binding to specific receptors: the
CBI1 cannabinoid receptors, discovered by Devane et al in 1988 [4], then cloned
by Matsuda et al in 1990 [5] and the CB2 cannabinoid receptors identified by
Munro et al in 1993 [6].

Growing evidence supports the importance of the therapeutic potential of
cannabis and cannabinoids. More than 250 controlled clinical trials have dem-
onstrated their efficacy in a dozen pathologies [3] [7]-[12]. However, the thera-
peutic benefits of cannabis and some cannabinoids are mitigated by their even-
tual ability to trigger psychosis. The role of cannabis in the etiology, evolution
and clinical expression of chronic psychoses is currently a topic of heated debate
in the scientific community and the causal relationship remains controversial
[12]-[21].

The review of the literature illustrates that the potential link between cannabis
use and chronic psychosis falls into three broad categories [22]:

1) The first group of studies suggests a causal relationship between cannabis
consumption and diagnosed psychosis [23] [24];

2) The second group suggests that long-term cannabis consumption may in-
crease the number of psychotic symptoms without increasing the number of di-
agnoses of psychosis itself [25] [26] [27] [28] [29];

3) The third group of studies shows no causal relationship between cannabis
use and psychosis [13] [30].

The current study is conducted to identify the risk factors involved in the de-
velopment of psychosis or psychotic features and to clarify their contribution to

its onset and sustainability.

2. Methods

A systematic search was performed in PubMed and PsycInfo using the criteria
“cannabis or marijuana or haschish” AND “schizophrenia or psychosis”. This
search identified 1653 studies published between January 1, 1962 and February I’
2020. For this study, longitudinal studies as well as literature reviews were se-
lected according to the following inclusion criteria:

1) They had to address specifically the issue of the causal nature of the canna-
bis-psychosis relationship, whether it is present, absent or controversial;

2) They had to address and analyse the eventual risk factors involved or sus-
ceptible to contribute to the development of psychosis;

3) They had to have been published between January 1, 1962 and March 1,
2020.
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Articles related to the potential explanations of the cannabis-psychosis rela-
tionship and other mechanisms or evidence supporting or refuting the causal

link were also selected for review.

3. Results

Our literature review has found six risk factors involved in the development of
psychosis or psychotic features. They are in decreasing importance the
dose-response relationship (quantity, frequency and duration of cannabis use),
the early age of cannabis consumption, genetic susceptibility, childhood trauma,

cigarette smoking and urban environment.

3.1. Dose-Response Relationship (Quantity, Potency, Frequency
and Duration of Cannabis Use)

A dose-response relationship has clearly been established between the amounts
of cannabis consumed and the likelihood of developing psychosis. Indeed, the
risk of manifesting psychosis or psychotic symptoms increases with the quantity,
the potency, the frequency and the duration of cannabis use [23] [24] [29]
[31]-[59].

Some reviews have demonstrated that cannabis use is associated with roughly
a two-fold increased risk of developing psychosis [60] [61] [62]. This risk in-
creases almost three-fold when high-potency cannabis is consumed [63].

Cross sectional studies have demonstrated that the frequency of cannabis
consumption is correlated with the appearance of psychotic-like experiences
(PLEs), as measured by the Community Assessment of Psychic Experiences
(CAPE). This correlation was observed in France among 571 female undergra-
duates with a mean age of 19.8 years and a range of 18 - 51 years [64] and in
Greece among a representative sample of 3500 youngsters aged 19 on average
[65]. In both studies, cannabis use with a higher lifetime frequency was asso-
ciated with all positive symptom dimensions of schizophrenia, meaning first
rank symptoms dimensions of schizophrenia, grandiosity, hallucinations and
paranoia [64] [65].

In contrast, an Australian study carried on 880 young people whose mean age
was 15 years (range: 13 - 19 years, SD = 0.4) revealed that regular (weekly ever)
cannabis use was not associated with any psychotic like experience (PLE) varia-
ble. In addition, less frequent cannabis consumption in the last year was more
strongly correlated with PLEs than frequent (=monthly) cannabis use [66].

Another Australian study conducted on 3801 subjects (among which 1806
were males), ranging from 18 to 23 years, with a mean age of 20.1 years (SD =
0.90), found that among those with duration of cannabis use since first con-
sumption was 6 or more years, there was a significantly increased risk of three
psychosis-related outcomes [38]:

* Nonaffective psychosis: adjusted odds ratio = 2.2; 95% confidence interval =
1.1-4.5;
* Hallucinations: adjusted odds ratio = 2.8; 95% confidence interval = 1.9 - 4.1;
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* Being the highest quartile of the Peter’s Delusions Inventory score: adjusted
odds ratio = 4.2; 95% confidence interval = 4.2 - 5.8.

The authors also demonstrated that within sibling pairs, the duration since
first cannabis use and higher scores on the Peter' s Delusions Inventory remained
significantly correlated [38].

The work of McGrath er al [38] illustrates that quantities of cannabis con-
sumption, frequency of administration and longer duration since first cannabis
use are associated with multiple psychosis-related outcomes in young adults and
more frequently in children and adolescents between 12 to 18 years of age.

In Ireland, researchers conducted a study on 1049 students attending the Na-
tional University of Ireland which revealed that more frequent cannabis use was
independently correlated with greater intensity of positive, negative and depres-
sive psychotic symptoms [67]. The authors also found that the earlier the age of
onset of cannabis use, the more positive psychotic symptoms were reported [67].

In the Netherlands, Van Gastel et al. [68] carried on a cohort study of 4552
youngsters aged 12 - 16 years, all secondary school students and 50% females, in
which they categorized three levels of last year cannabis users: experimental us-
ers (once or twice during the last year), regular users (between 3 to 39 times
during the last year), and heavy users (40 times or more during the last year).
The researchers found a dose-response relationship for cannabis use and posi-
tive psychotic experiences, with an increase in these experiences for higher fre-
quencies of use [68]. This observation, as well as the fact this correlation remains
after controlling for an elaborate set of confounders, support the assertion that
the quantity, frequency and duration of cannabis consumption represent a risk
factor for the development of psychosis [68].

In the United States, a team of researchers conducted a large population-based
epidemiologic study on 34,653 American adults. It revealed that the prevalence
of both psychosis and schizotypal personality disorder (SPD) increased signifi-
cantly with greater cannabis use, in a dose-dependent manner. The associations
between cannabis use and psychosis were 1.27 (95% confidence interval = 1.03 -
1.57) for lifetime cannabis use, 1.79 (95% confidence interval = 1.35 - 2.38) for
lifetime cannabis abuse, and 3.69 (95% confidence interval = 2.49 - 5.47) for
lifetime cannabis dependence [69]. In addition, compared to non-users, can-
nabis consumers had a significantly elevated prevalence of schizotypal per-
sonality disorders (SPD) symptoms in all domains of schizophrenia, namely
positive/cognitive-perceptual, negative/interpersonal, and disorganized be-
haviours [69].

Finally, a random-effects meta-analysis performed recently has demonstrated
that cannabis use is predictive of transition to psychosis not in lifetime cannabis
consumers but only in individuals who met criteria for cannabis abuse or depen-
dence [62]. This study seems to confirm the dose-response relationship between
cannabis consumption and transition to the first episode of psychosis [62].

In summary, with a few exceptions contradicting the assertion, heavy canna-

bis use is suspected to be correlated with the appearance of both psychotic
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symptoms and schizophrenia.

3.2. Early Age of Cannabis Consumption

Various studies carried worldwide suggest that early onset of cannabis use in-
creases the likelihood of developing psychosis in adulthood [44] [55] [57]
[70]-[79].

An Australian investigation demonstrated that children and adolescents who
consumed cannabis prior to the age of 15 were 4.5 times more likely to have a
diagnosis of schizophreniform psychosis at the age of 26 [25].

This observation was confirmed in adolescents of Greece [65] and Trinidad
[80], suggesting that the adolescent brain is more sensitive to the exposure of
cannabis [81].

In a large Australian community sample of 880 adolescents whose mean age
was 15 years (range: 13 - 19 years; SD = 0.4), researchers found that early onset
of cannabis use was associated with a greater risk of developing psychotic-like
experiences (PLEs) and psychosis [66].

A study of 17,698 Dutch-speaking adolescents and young adults (18 - 25
years), with a mean age of 21 years, showed that participants who started to use
cannabis before the age of 12 years had an adjusted odds ratio of 3.1 for the
highest 10% of scores on psychotic experiences compared with individuals of 15
- 18 years. In contrast, initial cannabis use after the age of 18 was not associated
with an increased score on psychotic experiences. Negative symptoms were cor-
related with cannabis consumption at the age of 12 years (odds ratio = 1.7; 95%
confidence interval = 1.1 - 2.5) and also before the age of 15 years (odds ratio =
1.1; 95% confidence interval = 1.0 - 1.3). In contrast, depressive symptoms were
not associated with a young initial age of cannabis use [74].

Moreover, cannabis onset after the age of 18 years was not linked to an in-
creased odds ratio for negative symptoms but individuals who started cannabis
after the age of 20 years experienced more depressive symptoms that the refer-
ence group (odds ratio = 1.4; 95% confidence interval = 1.0 - 1.8) [74].

The authors suggested that an increased vulnerability to THC during critical
phases of brain maturation, as early puberty, could explain the specific associa-
tion between psychotic experiences and a young initial age of THC exposure
[74].

In a cohort of 4552 Dutch participants, aged 12 - 16 years (all secondary
school students and 50% females), Van Gastel et al [68] showed that cannabis
use among early adolescents of this age is related to subclinical positive symp-
toms of psychosis, even when an elaborate set of confounders is taken into ac-
count (B = 0.0088; p = 0.000). A significant relationship between cannabis use
and age of developing positive experiences of psychosis was apparent (S = 0.081;
p = 0.000), demonstrating that this association is strongest for the youngest
children and remains present even after abstaining from cannabis for at least one

year [68].
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The authors suggested that a window of vulnerability exists at an early age,
stating that cannabis use at a young age during development stages of the brain
may lead to persisting psychotic symptoms and eventually even to florid psycho-
sis [68].

Another Dutch study involving a large population sample of 2120 adolescents
has demonstrated that cannabis use at age 16 predicts psychosis vulnerability at
age 19 (Z = 2.6; p < 0.05) and that psychosis vulnerability at ages 13 (Z = 2.0; p <
0.05) and 16 (Z = 3.0; p < 0.05) predicts cannabis use at, respectively, ages 16 and
19 [82].

The authors concluded that cannabis consumption predicts psychosis vulne-
rability in adolescents and vice-versa, suggesting that there is a bidirectional
causal association between the two [82].

A European study conducted in England, Finland, Germany and the Nether-
lands on 245 individuals with a clinical high risk of psychosis found that an early
onset of cannabis use is associated with an early appearance of a range of psy-
chotic symptoms in cannabis consumers presenting a clinical high risk of devel-
oping psychosis [83].

The authors demonstrated that the association could not be attributed to
gender, premorbid social adjustment, premorbid academic adjustment or alco-
hol use disorder. Furthermore, they showed that the most robust associations
were found between age of onset of cannabis use and age of appearance of an-
xiety, derealization, and weakness of thinking and concentration [83].

In addition, researcher’s results indicated that most participants started the
use of cannabis before the appearance of the nine examined psychotic symptoms
[83].

A team of Spanish and British researchers has evaluated the concomitant im-
pact of daily cannabis use versus non-daily cannabis use as well as the impact of
early age of cannabis use on specific profiles of subclinical psychotic symptoms
measured by the CAPE [42]. In a cohort of 241 Spanish cannabis users, the au-
thors found that 31 daily cannabis users (44%) who started to consume cannabis
before the age of 17 reported a high presence in first-rank dimension compared
to 7 non-daily cannabis users (13%) who began use before 17 years of age (p =
0.0001). This difference remained statistically significant after adjustment for
age, sex, social exclusion, alcohol and other drugs (odds ratio = 9.5; 95% confi-
dence interval = 2.8 - 3.6; p = 0.0001).

In contrast, the authors did not find differences between daily cannabis users
and non-daily cannabis users when the subjects started to smoke cannabis after
the age of 16 following adjustment by sex, age, social exclusion, alcohol and oth-
er drugs (7 (15%) versus 3 (16%); odds ratio = 0.42; 95% confidence interval =
0.02 - 0.82; p = 0.57 adjusted by sex, age, social exclusion, alcohol and other
drugs [42].

Similarly, 22 daily cannabis users (31%) who started smoking cannabis before

the age of 17 reported a higher presence of voices experience as opposed to 3

DOI: 10.4236/ajps.2020.1112139

1954 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2020.1112139

M. Ben Amar

non-daily cannabis users (6%) who started using cannabis before the age of 17 (p
= 0.0001). This difference remained statistically significant after adjustment by
age, sex, social exclusion, alcohol and other drugs (odds ratio = 8.5; 95% confi-
dence interval = 2.0 - 35.3; p = 0.003). By opposition, there was no difference
between daily cannabis users and non-daily cannabis users who started smoking
cannabis after the age of 16, adjusted by sex, age, social exclusion, alcohol and
other drugs (5 (11%) versus 2 (11%); odds ratio = 0.16; 95% confidence interval
= 0.06 - 4.3; p = 0.28 adjusted by sex, age, social exclusion, alcohol and other
drugs) [42].

In contrast, among subjects who started smoking cannabis before the age of
17, there were no differences between daily cannabis users and non-daily canna-
bis users in mania and paranoid dimensions adjusted by age, sex, social exclu-
sion, alcohol and other drugs. Among those who started consuming cannabis at
the age of 17 or more, there were no differences between daily cannabis users
and non-daily cannabis users in mania and paranoid dimensions [42].

By exploring specific dimensions of psychosis, the results of Ruiz-Veguilla et
al. suggest that early age of cannabis use has no impact on mania and paranoid
expressions, no matter the quantity of cannabis consumed, but concomitant
early cannabis use and daily cannabis use affect adversely first-rank dimensions
and voices experiences of psychosis [42].

After examining their results, Ruiz-Veguilla ef al [42] also suggested that an
enduring form of neural adaptation may occur in dopaminergic neurons after
subchronic cannabis consumption at a young age. They postulated, in accor-
dance with the works of Spauwen et al, [84] and Bossong and Niesink [85], that
early cannabis use modifies the development of neurotransmitter systems which
conducts to a sensitization to cannabis use in adulthood through diverse effects
on the dopamine function [42] [84] [85].

If we analyse the overall results of Ruiz-Veguilla et al, we can infer that can-
nabis use during puberty combined with its heavy consumption can lead to the
development of first-rank dimension and voices experience of psychosis, but has
no impact on mania and paranoid expressions of the disease. While their study
demonstrates that cannabis use during puberty combined with heavy use in-
creases the likelihood of developing some specific symptoms of psychosis, it does
not evaluate separately the respective contributions of early age and heavy use of
cannabis on the presence or absence of the different clusters of symptoms of
psychosis [42].

The Australian study conducted by McGrath et al. [38] and previously com-
mented provides further support for the hypothesis that early cannabis con-
sumption is a risk factor for psychosis-related outcomes in young adults.

Apart from the works mentioned above, the review of the scientific literature
reveals that prospective cohort studies demonstrate that an early onset of canna-
bis consumption is correlated with an increased risk of psychosis related out-
comes [23] [24] [25] [26] [70] [71] [72] [75] [86] [87].

DOI: 10.4236/ajps.2020.1112139

1955 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2020.1112139

M. Ben Amar

3.3. Genetic Susceptibility

Cannabis abuse might increase the risk for psychosis by modifying the genetic
expression of the CB1 receptor [22]. In fact, studies have shown a correlation
between genetic polymorphism of the CB1 receptor and schizophrenia, suggest-
ing that gene variants may confer susceptibility to this disorder [29] [32] [60]
[77] [88] [89] [90] [91] [92].

Catechol-0-methyltransferase (COMT) is an enzyme which plays an impor-
tant role in the degradation of dopamine in the brain [93]. It contains a func-

tional polymorphism in its sequence, COMT-Val'*®

Met, that directly influences
enzyme activity and results in two common variants of the enzyme: Val and Met
[94] [95]. The Val/Val genotype has a 40% higher COMT enzyme activity in the
brain than individuals with the Met/Met genotype. The Val/Val genotype results
in a combination of increased concentrations of dopamine in the mesolimbic re-
gions and subsequently lower dopamine levels in the prefrontal cortex [96] [97].
Individuals who have the Met/Met genotype manifest the lowest COMT activity,
while heterozygotes have an intermediate activity because the two alleles are co-
dominant [94] [98].

The increased dopaminergic activity in the mesolimbic areas is thought to be
associated with subclinical positive psychotic symptoms [97] [99] [100] [101].

Chronic cannabis consumption results in an increase in dopamine concentra-
tions in the mesolimbic regions of the brain and a decrease in dopamine con-
centrations in the prefrontal cortex which mimics the neurochemical state ob-
served in schizophrenia [97] [102].

In the past ten years, several works have suggested that differential sensitivity

to environmental stress produced by the Val'*®

Met polymorphism of the cate-
chol-O-methyltransferase (COMT) gene, probably by interacting with other
factors, might be responsible for increasing the risk to develop psychosis [103]
[104] [105].

A genetic analysis conducted among New Zealand participants in the Dune-
din cohort study demonstrated that the relationship between cannabis use and
the risk of developing psychosis was moderated by a COMT gene polymor-
phism: cannabis users who first consumed cannabis prior to the age of 18 years
and who carried the COMT Val/Val genotype were 10.9 times more likely to
develop schizophreniform disorders at age 26, whereas individuals Met/Met
homozygotes did not present such a risk (odds ratio = 1.1) while exposed to
cannabis use [106].

However, different studies have failed to replicate the findings of Caspi’s team
[101] [107]-[112]. Other studies reported the Caspi’s interaction only in sub-
groups of individuals [113] [114].

Despite this discrepancy, several researchers have demonstrated that the Val'*®
Met polymorphism of the catechol-0-methyltransferase (COMT) gene mod-
erates both the association between cannabis use and psychosis and the associa-
tion between childhood trauma and schizotypal traits [93] [102] [114] [115]
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[116] [117].

Spanish investigators have demonstrated that variability in the COMT gene
confers different neurobiological vulnerability to cannabis consumption in the
risk of developing psychotic experiences (PEs), the milder forms of psychotic
symptoms [93]. In accordance with previous works, the researchers concluded
that Val carriers are more vulnerable to the psychosis-inducing effects of canna-
bis than Met/Met individuals, but only when exposed to childhood abuse [93].
The authors further suggested that sensitization mechanisms involving dopami-
nergic signalling may be underlying this gene-environment interaction [93].

Moreover, a Dutch study confirmed the COMT genetic association: weekly
cannabis users had more severe positive psychotic symptoms if they were carri-
ers of the COMT Val allele (Val/Met) and even more so if they were Val/Val
homozygotes [97].

In addition, a team of Dutch and British investigators has illustrated that a
genetic variation in AKT 1 (a serine/threonine kinase) may mediate both short
term and long term effects on psychosis expression associated with cannabis use,
possibly through a mechanism of cannabinoid-regulated AKT 1/GSK-3 signal-
ling downstream of the dopamine D2 receptor [110].

Finally, the same group of Dutch and British researchers conducted a sibl-
ing-control comparison which demonstrated that siblings (individuals who are
genetically at higher risk for psychotic disorders, allowing for comparisons with
a control group) display more than 15 times greater sensitivity to positive schi-
zotypy associated with particularly current cannabis use determined by urinaly-
sis (adjusted f= 0.197; p < 0.001) than controls (adjusted = 0.013; p = 0.036; p
interaction = 0.04) and a similar difference in sensitivity to its effects on negative
schizotypy (siblings: adjusted S = 0.0120; p < 0.001; controls: S = —0.008; p =
0.87; p interaction = 0.03) [118].

Similarly, siblings exposed to cannabis resembled their patient relative nearly
10 times more closely in the positive psychotic dimension of the Community
Assessment of Psychic Experiences (CAPE) (adjusted S = 0.278; p < 0.001)
compared with non-exposed siblings (adjusted = 0.025; p = 0.12; p interaction
< 0.001) [118].

No significant effect was apparent for the CAPE negative domain, although
the association was directionally similar (2 times more resemblance; p interac-
tion =0.17 [118].

Based on cross-sibling, cross trait analyses, the authors suggested that the
mechanism underlying these findings is an increased sensitivity to the psycho-
tomimetic effects of THC in subjects with an increased familiar risk to cannabis
exposure [118].

A cross-sectional study conducted on 918 Dutch individuals revealed that a
functional polymorphism in the catechol-0-methyltransferase (COMT) gene
may moderate the interaction between childhood trauma and cannabis use on
psychotic experiences in the general population (Vinkers et al, 2013) [117]. Re-
searchers suggested that the COMT Val'® Met polymorphism may constitute a
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genetic risk factor for psychotic symptoms in the context of combined exposure
to childhood trauma and cannabis use. They confirmed in their study that
childhood trauma is strongly associated with psychotic symptoms independently
of cannabis and the COMT genotype [117] [119] [120] [121].

Finally, the work of Vinkers et al could not provide information about the
causality of the interaction between childhood trauma, cannabis and COMT on
psychotic experiences due to the cross-sectional nature of the data [117].

On the other hand, it has been demonstrated that carriers of the AKT 1 rs
2494732 C genotype have an increased psychosis risk if they have a history of
cannabis use, specially of daily use [40] [122] [123] or cannabis dependence
[124].

This higher probability of developing psychosis is also observed with carriers
of the DRD2 rs 1076560 T allele among cannabis consumers, especially in fre-
quent users [123] [125].

Despite all this evidence, some studies have found no interaction between

cannabis use and genetic susceptibility to psychosis [95] [126] [127].

3.4. Childhood Trauma

A vast body of scientific literature suggests that the experience of childhood
trauma, physical or psychological, including bullying and sexual abuse, is a risk
factor for the development of schizophrenia [119] [120] [128] [129] [130] [131]
[132] or psychotic symptoms [70] [72] [75] [77] [84] [133]-[141].

In addition, exposure to a greater number of traumas is correlated with a
higher risk of psychosis [84] [128]. Moreover, it has been demonstrated that
childhood trauma increases the risk of substance abuse, including cannabis
consumption, in adolescence and adulthood [142] [143] [144] [145].

Taken together, these strands of evidence point to the possibility that child-
hood trauma may play a role in the association between cannabis use and psy-
chosis [146] [147] [148] [149].

All these observations raise the question of the causal link(s) and the direction
(s) of the association: it is important to determine if child abuse, in different
forms and circumstances, caused first the consumption of cannabis or induced
primarily the appearance of psychosis or psychotic symptoms. It is also a matter
of concern to know if cannabis is consumed to alleviate first the traumatic events
of childhood or the symptoms of psychosis, or both situations simultaneously
when they are concomitantly present.

Data on cannabis use and sexual trauma experiences from 5877 American cit-
izens aged between 15 and 54 years revealed that the impact of sexual trauma on
clinically assessed diagnoses of psychosis was statistically significant in individu-
als who used cannabis under 16 years (odds ratio = 11.96; 95% confidence inter-
val = 2.10 - 68.22; p = 0.01) but not for those who had not used cannabis under
16 years (adds ratio = 1.80; 95% confidence interval = 0.91 - 3.57; p = 0.09). In
fact, those who used cannabis under the age of 16 years and had also been sex-

ually abused were almost 12 times more likely to receive a diagnosis of psychosis

DOI: 10.4236/ajps.2020.1112139

1958 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2020.1112139

M. Ben Amar

[147].

The authors stated that the mediating role of cannabis suggests that early
cannabis use may increase the strength of the proposed trauma-psychosis rela-
tionship. They proposed that this correlation could be explained by both canna-
bis use and trauma acting indirectly on the dopaminergic system, as sexual
traumas produce elevated cortisol levels which in turn are associated with do-
pamine activity [147].

The researchers also postulated that childhood abuse enhances an individual’s
vulnerability to psychotic symptoms and that cannabis use acts as an exacerbat-
ing agent heightening psychotic experience in those persons who have suffered
abuse. Alternatively, cannabis consumption could be considered the vulnerabili-
ty factor and childhood sexual abuse the environmental factor that increases the
likelihood of psychosis [147]. Finally, the investigators suggested that exposure
to a trauma followed by cannabis use (self-medication) and cannabis use fol-
lowed by trauma produce significantly different likelihoods of psychosis [147].

An Irish study conducted on 211 adolescents aged between 12 and 15 years
has revealed that those adolescents who had experienced childhood trauma were
almost five times more likely to use cannabis (odds ratio = 4.86; 95% confidence
interval = 1.63 - 14.51; p = 0.005) than those who had experienced trauma. In
addition, subjects who had experienced childhood trauma are also five times
more likely to develop psychotic symptoms (odds ratio = 5.20; 95% confidence
interval = 1.58 - 17.13; p = 0.007) [149].

The researchers also found that the joint presence of cannabis use and child-
hood trauma increased the likelihood of psychotic symptoms in adolescence to a
much greater extent than would be expected if each risk factor was working in-
dependently [149].

In Australia, a 20-year follow-up study in young adults exposed to childhood
trauma revealed that exposure to multiple traumas, rather than a single major
trauma, increases the risk of later psychosis [150].

Based on the Adult Psychiatric Morbidity Survey conducted in England in
2007 among 7403 subjects whose mean age was 51.12 years (SD = 18.59), a mul-
tivariate analysis demonstrated that those who had experienced non-consensual
sex in childhood were over six times (odds ratio = 6.10) more likely to have had
a diagnosis of psychosis compared with those who had not experienced this
trauma. Individuals with a history of non-consensual sexual experience under 16
years and cannabis use were over seven times more likely (odds ratio = 7.84; 95%
confidence interval = 1.63 - 37.67) to have been diagnosed with psychosis com-
pared with those without these experiences [151].

The multivariate analysis also indicated that subjects who were unemployed,
depressed and who experienced sexual trauma (s) after the age of 16 years were
more likely to have had a diagnosis of psychosis (odds ratios = 5.01, 21.80 and
2.07, respectively). Researchers outlined the fact that the experience of non-consensual
sex before the age of 16 years was independently predictive of psychosis diagno-

sis no matter the presence or absence of cannabis consumption [151].
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They suggested that childhood trauma may be one of the more prevailing en-
vironmental agents in psychosis onset and development and that cannabis use
among individuals diagnosed with psychosis may be attributable, in some cases,
to their experiences of childhood trauma [151]. The authors also mentioned that
those individuals who experienced both childhood sexual abuse and cannabis
use, but who experienced their sexual trauma before they began consuming
cannabis, were over four times more likely to have a diagnosis of psychosis. Al-
ternatively, victims of childhood trauma may simply initiate and continue to use
cannabis in a similar way to non-victims but could experience psychosis because
an existing emotional, psychological and/or physical vulnerability, potentially
attributable to their trauma, has been exacerbated [151].

Finally, the authors concluded that the interaction between cannabis use and
childhood trauma suggests that being exposed to these two risk factors acts syn-
ergistically in the onset of psychosis and that childhood trauma may advance ex-
isting gene-environment conceptualizations of the cannabis-psychosis link
[151].

The joint analysis of two independent population-based samples of the Greek
National Perinatal Study (n = 1636) and the Netherlands Mental Health Survey
and Incidence Study (NEMESIS) (n = 4842) revealed that a significant adjusted
interaction between childhood trauma and later cannabis use was evident in
both samples, indicating that the psychosis-inducing effects of cannabis were
stronger in individuals exposed to earlier sexual or physical mistreatment [152]:
* Greek National Perinatal Study: test for interaction F (2, 1627) = 4.18; p =

0.02;
¢ NEMESIS: test for interaction X* (3) = 8.08; p = 0.04.

As demonstrated in the work of Houston et a/ [151], Konings et al [152] con-
firmed in this study that cannabis use and trauma in childhood or early adoles-
cence act synergistically, by a more than additive interaction on the same final
common pathway to psychotic symptoms.

Researchers suggested that the psychosis-inducing effects of cannabis are
moderated by an early experience of trauma and that a cross-sensitization be-
tween stress and cannabis is responsible in shaping the risk of psychotic out-
comes [152]. The possible mechanism by which stress or cannabis use impact on
psychosis risk is a sensitization involving an increase of the dopaminergic sig-
naling in the mesolimbic system [153] [154] [155].

Hyperdopaminergia may be associated with psychosis [99] and the interaction
between early life trauma and cannabis may increase the risk for psychosis by
bringing about enduring sensitization to dopamine agonists [101] [152] [156].

Finally, the authors stated that their work is the first to demonstrate that even
non-severe physical trauma can interact with cannabis on psychosis risk [152].
Their results confirm earlier findings that both cannabis and trauma not only
affect psychotic illness but also impact on the broader extended psychosis phe-
notype in the general population, which represents behavior expression of liabil-
ity to psychotic disorders [152]. However, they outline that their results do not

DOI: 10.4236/ajps.2020.1112139

1960 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2020.1112139

M. Ben Amar

provide information about to what degree the interaction between cannabis and

maltreatment contributes to the onset of new psychotic symptoms or to the per-

sistence of existing symptoms [152] [157].

Using data from the National Comorbidity Survey-Replication (n = 2355), re-
searchers in the United Kingdom obtained the following results [158]:

* Psychotic experiences that occurred before childhood sexual trauma signifi-
cantly influenced adult psychosis symptomatology (psychosis pre-rape g =
0.10; psychosis pre-sexual assault S = 0.23);

* Social phobia also conferred risk for adult psychosis (8= 0.07);

* Pre-trauma childhood psychopathology did not account for the interaction
between childhood sexual trauma and cannabis use in a multivariable model;

* Childhood experiences of rape (= 0.15) and an interaction between canna-
bis consumption and childhood sexual assault (8 = 0.05) independently con-
tributed to adult psychosis.

Consistent with previous works, Murphy et al. [158] stated that their findings
illustrate that:

1) Childhood sexual trauma (rape) independently contributes to psychotic
experiences;

2) The combined effect of childhood sexual trauma and cannabis use inde-
pendently contributes to psychotic experiences;

3) Cannabis use is devoid of any independent risk for psychotic experiences.

As in the analysis of Houston et al [151], the authors suggested that victims of
childhood trauma may initiate and continue to use cannabis in a similar way to
non-victims but manifest psychosis because an emotional, psychological and/or
physical vulnerability, potentially attributable to trauma, has been exacerbated
[151] [158].

Furthermore, researchers suggested that cannabis use is highly associated with
a key source of risk for psychosis but does not influence psychosis itself, that it
exacerbates another source of risk or moderates pre-existing risk or that it in-
fluences psychosis post-onset [158].

Finally, the investigators raised the possibility that social anxiety and inter-
personal trauma history could potentiate the pharmacologic effects of cannabis
consumption for some individuals, or vice versa, that cannabis use could inten-
sify or amplify existing vulnerabilities or insecurities caused by traumatic expe-
rience (s) and ultimately lead to psychosis [158].

A three-year cohort study conducted in the Netherlands on individuals at av-
erage (n = 462) and high genetic risk (n = 810) revealed that childhood trauma
represented the highest risk to develop psychotic disorders (odds ratio = 34.4;
95% confidence interval = 4.4 - 267.4) compared to cannabis use (odds ratio =
4.1; 95% confidence interval = 1.1 - 15.4), minority ethnic group (odds ratio =
3.8; 95% confidence interval = 1.2 - 12.8) and urban birth (odds ratio = 3.7; 95%
confidence interval = 0.9 - 15.4). The proportion of transitions in the population
attributable to environmental and genetic risk ranged from 28% for minority
ethnic group, 45% for urban birth, 50% for high-risk sibling status, 57% for
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cannabis use, and 86% for childhood trauma. Nine out of eleven transitions

(82%) were exposed to both genetic and environmental risk, compared to only

43% of non-transitions (p = 0.03) [159].

In their analysis, researchers outlined the following facts [159]:
¢ All environmental risk factors were associated with transition to psychotic

disorders, with the greatest effect, in terms of both relative and attributable
risk, for childhood trauma;

* Exposure to environmental risk did not vary as a function of genetic high risk
status, suggesting an absence of genetic control of environmental exposure or
a gene-environment correlation;

* Exposure to both genetic and environmental risk factors is necessary for
transition, which is compatible with underlying gene-environment interac-
tion.

In a population-based household survey collected from 1680 individuals as
part of the South East London Community Hearth Study, Morgan et al [160]
found a strong evidence that the odds of reporting a psychotic experience were
higher in those who, during childhood, had:

1) Been physically abused: adjusted odds ratio = 2.7; 95% confidence interval
=1.62 - 2.89; and

2) Been sexually abused: adjusted odds ratio = 2.13; 95% confidence interval =
1.28 - 3.56.

The majority (58%) of those who reported sexual abuse also suffered from
physical abuse. When both physical and sexual abuse were considered together,
there was evidence that the association with psychotic experiences was highest
for those exposed to both factors: adjusted odds ratio = 3.24; 95% confidence in-
terval = 1.68 - 6.25 [160].

Researchers emphasized that there was a strong evidence that childhood
trauma was correlated with an increased odds of later life events and cannabis
use, and that there was evidence for synergistic effects of trauma and more ten-
tatively (p = 0.07) recent cannabis use on odds of psychotic experiences, such
that the odds were greatest in those exposed to trauma and either life events or
cannabis in the past year. They also outlined that the impact of both life events,
particularly recent events, and cannabis use on the likelihood of psychotic expe-
riences depends, to a certain degree, on prior exposure to physical and sexual
abuse. This is consistent with the hypothesis that childhood trauma creates in
some individuals a vulnerability for psychotic experiences which unfolds itself in
the event of exposure to further risk factors such as cannabis consumption [160].

Finally, a study conducted in Spain among 60 patient-sibling pairs, consti-
tuted by subjects with functional psychosis in the first five years of their illness
matched with a non-psychotic sibling, demonstrated that after controlling for
cannabis use and neuroticism, the odds of suffering psychosis for individuals
who were afflicted with a childhood trauma were 7.3 times higher than the odds
for persons who did not experience a childhood trauma (95% confidence inter-
val = 1.06 - 50.01; p = 0.04) [45].
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Of note, some researchers illustrated that neither lifetime cannabis use nor
reported exposure to childhood trauma was correlated to psychotic disorders
when the other risk factor was taken into account [39] [161]. It is the combina-
tion of the two risk factors that raises significantly the odds for developing psy-
chosis by nearly three times (adjusted odds ratio = 2.94; 95% confidence interval
=1.44-6.02; p=0.003 [161].

3.5. Cigarette Smoking

Some longitudinal studies have found a dose-response relationship between cig-
arette smoking in adolescence and later psychotic symptoms in the general pop-
ulation [162] [163] [164] [165] [166]. Moreover, two cross-sectional investiga-
tions demonstrated a correlation between cigarette smoking and psychotic
symptoms [167] [168]. On the other hand, it is estimated that between 70 & 85%
of schizophrenic patients smoke cigarettes [169] [170].

These observations raise the two following questions:

1) To what extent the relationship between cannabis use and psychotic-like
experiences (PLE) or delusional-like experiences (DLE) is influenced by cigarette
smoking? [164];

2) What is the direction of causality between psychotic-like experiences (PLE)
or delusional-like experiences (DLE) and the measures of cigarette use and can-
nabis use? [171].

An Australian study conducted on 8773 individuals aged between 16 and 85
years found that delusional-like experiences (DLEs), which are attenuated fea-
tures of psychoses, were more likely to be present in everyday tobacco smokers
or in individuals who started smoking at the age of 15 or earlier [171]. Research-
ers outlined that their findings were consistent with another previous work of a
similar population sample in Australia [167] and demonstrated that an earlier
age at onset of tobacco use and cannabis use disorders were significantly corre-
lated with delusional-like experiences [171]. The authors were unable to estab-
lish the causal direction between delusional-like experiences and the measures of
cigarette use and cannabis use because the study was cross-sectional [171].

In a sample of 1929 Dutch young adults aged 18 to 30 years, investigators
demonstrated that cigarette smoking was as strongly associated as cannabis use
with the frequency of psychotic-like experiences (f = 0.098 and 0.079 respec-
tively; p < 0.05) and even more strongly with distress from psychotic-like expe-
riences (f= 0.107; p < 0.001) [164].

When cigarette and cannabis smoking were included in the same model, the
authors found that cigarette smoking, but not cannabis inhalation, was asso-
ciated with distress from psychotic symptoms. This suggests that the relationship
between cannabis use and distress from psychotic-like experiences is con-
founded by cigarette smoking [164].

Researchers presented four possible explanations for the association between

cigarette smoking and psychotic-like experiences [164]:
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1) Cigarette smoking could increase the risk for psychotic-like experiences
through a biological mechanism involving dopamine release and nicotinic cho-
linergic neurotransmission reported to be related to schizophrenia [172] [173]
[174];

2) Nicotine is taken to alleviate psychotic-like symptoms (the self-medication
hypothesis) as it improves negative symptoms in psychotic patients and cogni-
tive functions in both healthy individuals and psychotic patients [175]-[180];

3) The correlation between cigarette smoking and psychotic-like experiences
could be due to confounding factors such as psychosocial stress [181];

4) Psychotic-like symptoms could result from nicotine withdrawal effects
[182].

We should emphasize that the work of Van Gastel et al could not establish
conclusions regarding the direction of causality because it was a cross-sectional
study [164]. Therefore, the reverse causation explanation cannot be excluded in
this study.

A longitudinal study of 1756 adolescents in the United Kingdom concluded
that cigarette smoking and cannabis use at age 16 were both associated, to a sim-
ilar degree, with psychotic experiences at age 18 (odds ratio = 1.61; 95% confi-
dence interval = 1.31 - 1.98 for cigarettes; odds ratio = 1.48; 95% confidence in-
terval = 1.18 - 1.86 for cannabis). Adjustment for cigarette smoking frequency
(odds ratio = 1.27; 95% confidence interval = 0.91 - 1.76) or other illicit drug use
(odds ratio = 1.25; 95% confidence interval = 0.91 - 1.73) attenuated the rela-
tionship between cannabis and psychotic experiences. The attenuation was
smaller when cannabis use was adjusted for in the cigarette psychotic experience
association (odds ratio = 1.42; 95% confidence interval = 1.05 - 1.92) [183].

However, almost all the participants used cannabis with tobacco, including
those who classed themselves as non-cigarette smokers [183].

It is noteworthy that a meta-analysis concluded that cigarette smoking is not
associated with an earlier age of onset of schizophrenia and other psychoses.
Therefore, in that study, tobacco consumption was not considered as a con-
founding factor for the relationship between cannabis use and earlier age of on-

set of psychosis [184].

3.6. Urban Environment

Meta-analyses suggest that people who grew up in an urban environment are
consistently associated, in a dose-response manner, with a small increased risk of
developing psychosis [146] [185] [186] [187]. This is even more evident if a ge-
netic risk is present [188] [189].

There is growing interest in investigating if urbanicity plays a role in mod-
erating the strength of the cannabis-psychosis relationship [135] [146] [156]
[190] [191].

In a 10-year follow up cohort study of 1923 German people, aged 14 - 24 years
at baseline, living in the city of Munich or in the rural surroundings, investiga-
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tors found a significant interaction between cannabis and urbanity (adjusted risk
difference = 10.9%; 95% confidence interval = 3.2 - 18.6; p = 0.005).The effect of
cannabis use on follow-up incident psychotic symptoms was much stronger in
subjects who grew up in an urban environment (adjusted risk difference = 6.8%;
95% confidence interval = 1.0 - 12.5; p = 0.021) compared with individuals from
rural surroundings (adjusted risk difference = 6.8%; 95% confidence interval =
4.1%; 95% confidence interval = —9.8 - 1.6; p = 0.159) [192].

Researchers indicated that those effects were independent from confounding
factors such as sex, age, socio-economic status, childhood trauma and use of
other drugs. This incidence was not irrelevant, as the majority of subjects ex-
posed to both urbanicity and cannabis developed the psychosis outcome because
of their co-action [192]. The findings indicate that the interaction between can-
nabis use and urbanicity may represent not only an underlying mechanism of
moderation (the psychotomimetic effects of cannabis are larger in urban areas)
but also of mediation (living in the city may enhance cannabis use). Both me-
chanisms are important from a public health perspective [192].

After observing that individuals living in the urban environment were more
likely to use cannabis at baseline than subjects from the rural area, the authors
suggested than an early exposure, ie. between the ages of 5 and 15 years, to in-
creased social fragmentation associated with an urban environment may consti-
tute an environmental stressor that, through epigenetic mechanisms, induces a
progressive behavioral sensitization which leads ultimately to permanent neuro-
developmental alterations. This in turn may contribute to an enhanced sensitiv-

ity, later in life, to the psychotomimetic effects of cannabis [192].

3.7. Protective Role of Cannabidiol against the
Cannabis-Psychosis Link

Beyond the role of dopamine transmission, abnormalities in the brain’s endo-
cannabinoid signalling system, resulting in the hyperactivity of this system, are
increasingly recognized as etiological factors involved in the development and
progression of psychosis [12] [193] [194] [195] [196].

Cannabidiol (CBD), the second most important phytocannabinoid, is the
main non-psychoactive constituent of cannabis [197] [198]. Concentrations of
cannabidiol (CBD) and A’-tetrahydrocannabinol (THC) differ greatly between
various types of cannabis products (marijuana, haschisch, oils of marijuana and
haschisch), year and place of origin [12]. For instance, in 2008, marijuana pro-
duced in the Netherlands contained virtually no cannabidiol and had a mean
THC concentration of 16%, whereas haschisch imported from Afghanistan,
Morocco or Nepal, contained on average 17% of THC but also 9% of cannabi-
diol [199]. The relative THC/CBD ratio in cannabis varies greatly. Concentra-
tions of CBD can range from almost none to up to 40% [200]. Higher levels of
THC and negligible levels of CBD have been found in cannabis extracts grown

hydroponically under intense farming conditions [201].
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Cannabidiol was first isolated from marijuana in the late 1930s [197]. Howev-
er, it was not until 1963 that its structure and stereochemistry were elucidated
[202].

CBD displays a relatively low affinity for CB1 and CB2 receptors but has indi-
rect antagonistic effects on those receptors which could explain its lack of cogni-
tive and other unwanted psychoactive effects characteristic of marijuana and
haschisch [195] [197] [203].

In contrast to THC, which is associated with pro-psychotic side effects, CBD
possesses no known psychoactive properties [195] [198].

The hypothesis that cannabidiol attenuates the psychotomimetic effects of
THC was postulated for the first time in 1982 by Rottanburg et a/ who found an
increased prevalence of psychotic symptoms among users of cannabis with a
high THC concentration and lack of CBD [204]. At the same period, Zuardi et
al. observed that the co-administration of CBD and THC significantly reduced
the psychotomimetic symptoms induced by THC [205].

Indeed, several studies have illustrated that the co-administration of CBD and
THC may alter the pharmacological actions of the later, potentiating some bene-
ficial effects, while mitigating some of its negative side effects [196] [205] [206]
[207].

Other studies have demonstrated the antipsychotic properties of cannabidiol
(CBD) and suggested that it can antagonize the negative impact of THC on brain
functions [196] [208]-[214] and have protective effects against psychosis [215]
[216] [217].

Different preclinical studies have provided evidence of the antipsychotic ac-
tivity of cannabidiol (CBD), with a pharmacological profile resembling that of
haloperidol [197]. Indeed, the effects of CBD were similar to those produced by
haloperidol in a rodent model predictive of antipsychotic activity, using different
doses of drugs [218]. Interestingly, contrary to haloperidol, CBD was devoid of
extrapyramidal side effects, making it a potential candidate to treat different
forms of psychosis in humans.

Preliminary clinical case reports also suggested that cannabidiol might exert
antipsychotic properties in schizophrenic patients [197] [208] [210] [211].

The analysis of hair samples of 140 cannabis smokers demonstrated that those
with low CBD/THC ratios predicted high levels of schizophrenia-like symptoms
[212]. Similarly, an association was found between the use of cannabis with high
THC and low CBD content and a higher risk of developing a first psychotic epi-
sode [219].

In a large cross-sectional sample of 1877 cannabis users from the general pop-
ulation (mean age = 23 years; SD = 6.0) who used the same type of cannabis in
the majority (>60%) of the occasions, researchers found a significant inverse re-
lationship (F (1, 1877) = 14,577; p < 0.001) between cannabidiol concentration
and self-reported positive symptoms, but not with negative symptoms or de-

pression [220].
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In a British study conducted on 120 current cannabis smokers, 66 daily users
and 54 recreational users, investigators performed hair analysis to objectively
quantify levels of THC and CBD. Researchers found lower psychosis-like symp-
toms in subjects whose hair had CBD compared with those without CBD. How-
ever, this was observed only in recreational users who had higher levels of THC
in their hair [201].

High THC recreational cannabis users with no CBD present in their hair
showed much greater levels of psychosis proneness than all other groups. They
were also associated with increased depression, anxiety and recall impairments
[201].

While analysing their results, researchers indicated that a growing body of
evidence suggests that cannabidiol may modulate the psychotomimetic effects of
THC not only acutely in laboratory settings giving CBD and THC to healthy vo-
lunteers [209] but also chronically in cannabis users [201] [212].

Considering that CBD does not interact directly with the pharmacokinetics of
THC, the authors suggested that the mechanism of CBD’s modulation of the ef-
fects of THC is that CBD chronically counteracts the induction of psychotic-like
symptoms by THC [201].

It has been demonstrated that cannabidiol (CBD) modulates powerfully the
mesolimbic dopamine system and normalizes both acute and neurodevelop-
mentally-induced dysregulation of dopaminergic activity states associated with
both positive and negative schizophrenia-like psychopathology [195]. This abili-
ty of CBD to reverse THC induced hyperactivity of mesolimbic dopaminergic
transmission confers to CBD its promising antipsychotic properties [195].

In fact, growing pre-clinical and clinical evidence supports the therapeutic ef-
ficacy of cannabidiol (CBD) in a broad range of neuropsychiatric disorders [195]
[221]. Indeed, CBD attenuates brain damage caused by ischemic and/or neuro-
degenerative conditions. It also facilitates neurogenesis by acting on synaptic
plasticity. Finally, it has beneficial effects in the treatment of anxiety, depression
and psychosis by alleviating some symptoms of these diseases [195] [221] [222]
[223] [224]. In terms of toxicity, CBD has few adverse effects, the most frequent
side effects reported being sedation and dizziness [198] [225] [226].

In 2012, a pioneering randomized, double-blind, controlled clinical trial of
cannabidiol versus amisulpride, a potent antipsychotic medication, demonstrat-
ed that CBD has comparable antipsychotic properties in alleviating both positive
and negative schizophrenia symptoms and yields to similar significant clinical
improvement than amisulpride in the treatment of acute schizophrenia [225].

Moreover, CBD displayed a substantially superior side-effect profile than that
of amisulpride. Indeed, compared to amisulpride, treatment with CBD was asso-
ciated with significantly fewer extrapyramidal symptoms (p = 0.006), less weight
gain (p = 0.010) and lower prolactin increase, a predictor of galactorrhea and
sexual dysfunction (p < 0.001). Furthermore, CBD was well tolerated and did

not significantly affect cardiac or hepatic functions [225].
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Interestingly, the results of Leweke et al [225] were correlated with increased
levels of anandamide, suggesting that inhibition of anandamide deactivation
may contribute to the antipsychotic effects of CBD which potentially represents
a completely new mechanism of action in the treatment of schizophrenia [198].

In summary, studies conducted with cannabidiol show that cannabis types
with a high concentration of cannabidiol (CBD) are significantly less strongly
associated with psychotic symptoms. By regulating dopaminergic activities, CBD
has the features of a potential efficient antipsychotic medication, while being
deprived of the deleterious side effects of the conventional antipsychotic phar-
macotherapies. In fact, CBD exerts clinically relevant antipsychotic effects and
has a better safety and tolerability profile compared with current antipsychotic

medications [225].

4. Discussion

Accumulating evidence from longitudinal epidemiologic studies suggests that
cannabis use may increase the risk of developing psychosis [23] [24] [25] [26]
[27] [29] [32] [47] [58] [69] [86] [227] [228].

A constellation of complex factors may trigger the appearance of psychotic
symptoms. This systematic review has identified six risk factors which may con-
tribute to the etiopathogenesis of psychosis or psychotic features:

- Quantity, frequency and duration of cannabis use;
- Early age of cannabis consumption;

- Genetic susceptibility;

- Childhood trauma;

- Cigarette smoking;

- Urban environment.

A dose-response relationship exists between the amounts of cannabis used
and the likelihood of developing psychosis or psychotic features: the risk in-
creases with the quantity, frequency and duration of cannabis consumption.

Similarly, early age of cannabis use is correlated with an increased probability
of manifesting such symptoms. This observation could be explained by the fact
that the brain of young people aged between 14 and 25 years has not reached its
complete maturation and therefore is more vulnerable to the psychotomimetic
effects of THC and the adverse central manifestations of cannabis [12] [25] [229]
[230] [231] [232] [233]. These observations illustrate the critical role played by
the endocannabinoid system in the brain maturation, particularly during ado-
lescence.

Regarding genetic susceptibility, it has been demonstrated that psychosis in-
ducing effects of cannabis use are related to genetic variability in the catechol-0-
methyltransferase (COMT) gene. This vulnerability increases when individuals
are exposed to childhood abuse. Cannabis consumption increases the likelihood
of developing psychotic experiences (PEs) in Val carriers only when they are

exposed to childhood abuse. The risk of manifesting psychotic experiences (PEs)
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depends therefore on the COMT genotypes [93].

Similarly, AKT1 and DRD2 genotypes are involved in the likelihood of devel-
oping psychosis [122] [123] [124] [125].

The characterization of potential genes presenting a risk of psychotic out-
comes will facilitate the comprehension of the cannabis-psychosis link and will
help identify the persons who present a genetic vulnerability to the psychoto-
genic effects of cannabis.

Child trauma plays also a deleterious role in the expression of psychosis or
psychotic features by a progressive sensitization mechanism: exposure to trau-
matic experiences during childhood may induce neurobiological changes cha-
racterized by an over-reactivity of the hypothalamus and the hypothalam-
ic-pituitary adrenal axis, abnormalities in the neurotransmitter system and
structural brain changes [152] [234].

Cigarette smoking has also been considered a risk factor for the development
of psychosis or psychotic symptoms. It increases the likelihood of manifesting
these features in a dose-response manner. A biological mechanism involving
dopamine release and nicotinic cholinergic neurotransmission could be involved
[172] [173] [174].

Finally, urbanicity increases the strength of the cannabis-psychosis relation-
ship. This phenomenon could be explained by the fact that living in urban areas
may enhance cannabis use and render people more vulnerable to the psychoto-
mimetic effects of THC by neurobiological mechanisms [192].

None of each of the six risk factors described is neither necessary, nor suffi-
cient to do so alone [31] [77] [147] [181].

On the other hand, cannabidiol (CBD) plays a protective role in the canna-
bis-psychosis relationship. Cannabis species with a high concentration of canna-
bidiol are significantly less strongly associated with psychotic symptoms, ren-
dering CBD a promising efficient antipsychotic medication. Large rando-
mized-controlled clinical trials will eventually confirm or infirm the qualitative
and quantitative antipsychotic potential of cannabidiol (CBD).

However, the causal and temporal association between the use of cannabis
and the development of psychosis or psychotic features is not clear and remains
controversial [19] [20] [21]. Population statistics argue against the causal rela-
tionship. While cannabis use among adolescents has increased substantially in
the past 40 years [13], the population trends in schizophrenia incidence have not
[14] [228] [235].

Macleod and colleagues have suggested that a non-causal explanation is possi-
ble for most of the associations between cannabis use and psychosis: “Cannabis
use could be a marker, rather than a cause of a life trajectory more likely to in-
volve adverse outcomes™ [14].

Moreover, a large number of studies cannot determine if psychotic features
predispose individuals to use cannabis or if cannabis use increases psychotic
traits [69].
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Indeed, several authors have suggested that psychotic experiences at an early
age might trigger the use of cannabis as a self-medication [27] [29] [38] [39] [62]
[69] [81] [236] [237].

Therefore, the cannabis-psychosis relationship might be bidirectional [27]
[29] [39] [54] [81] [90] [238] [239] [240] [241] [242].

A critical consideration should be applied to the interpretation of results and
to the strength of the evidence in relation to established criteria for causality. If
most authors accept the idea that the association between cannabis and psycho-
sis has not arisen by chance, then, apart from a causal link, three broad explana-
tions should also be taken into consideration [22]:

* Psychosis could predispose to cannabis use (the “reverse causality” explana-
tion);

* Misreporting of cannabis consumption and/or psychotic symptoms could
lead to an erroneous association between the two, the link being apparent but
spurious (the “reporting bias” explanation);

* Both cannabis use and psychosis could share common antecedents (cofac-
tors) without there being any causal relationship between the two (the “resi-
dual confounding” explanation).

Despite the discrepancies and uncertainties in the nature and strength of the
cannabis-psychosis relationship, a consensus emerges actually among investiga-
tors on the following two points:

1) Cannabis use can precipitate the appearance of psychosis or associated dis-
orders among subjects with a psychotic vulnerability [13] [22] [23] [29] [76].

Indeed, individuals with an established predisposition to psychosis manifest
an increased sensitivity to the adverse effects of cannabis and a higher suscepti-
bility to develop the disease [14] [31] [76] [243] [244].

Persistence of cannabis use after a diagnosis or in the presence of psychotic
symptoms is consistently correlated with earlier and more frequent relapses, ag-
gravation of some symptoms of the disease and longer and more frequent hos-
pitalizations [22] [50] [51] [58] [141] [143] [245].

2) While there is thus agreement about the role of cannabis as a precipitant
factor in persons vulnerable to psychosis, as well as about the effects of cannabis
on existing psychosis, the etiological role of cannabis in psychosis should be elu-
cidated, as well as the eventual temporal relationship and pathways involved.

Research strategies aiming at further evaluating the qualitative and quantita-
tive contribution of the six risk factors analysed in this study, as well as alterna-
tive criteria, determinants, and explanations will provide clarification to the de-

bate and eventually elucidate the link between cannabis and psychosis.

5. Conclusions

This review of the scientific literature found six potential risk factors involved in
the association between cannabis and psychosis or psychotic symptoms. They

are, in decreasing importance the dose-response relationship (quantity, fre-
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quency and duration of cannabis use), the early age of cannabis consumption,
genetic susceptibility, childhood trauma, cigarette smoking and urban environ-
ment.

The weight of evidence from existing longitudinal research suggests that those
factors are consistently associated with increased rates of both psychosis and
psychotic features, even after control for confounding factors and reverse causal-
ity. Nonetheless, the cannabis-psychosis link, although replicated convincingly,
is rather intriguing quantitatively and appears often weak. If a causal relation-
ship exists, uncertainties arising from a series of methodological issues relating
to the assessment of cannabis use, the measurement of psychosis or psychotic
features, reverse causality, and the control of residual confounding elements
should be ruled out.

To reduce these uncertainties, further research needs to be undertaken with
large numbers of volunteers followed over several years. Such an experiment has

never been conducted and raises practical and ethical issues.
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