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Abstract: Increasing evidence indicates a relationship between cannabis use and psychosis risk.
Specific factors, such as determinants of cannabis use or the genetic profile of cannabis users, appear
to moderate this association. The present systematic review presents a detailed and up-to-date
literature overview on factors that influence the relationship between cannabis use and psychosis
risk. A systematic search was performed according to the PRISMA guidelines in MEDLINE and
Embase, and 56 studies were included. The results show that, in particular, frequent cannabis use,
especially daily use, and the consumption of high-potency cannabis are associated with a higher
risk of developing psychosis. Moreover, several genotypes moderate the impact of cannabis use on
psychosis risk, particularly those involved in the dopamine function, such as AKT1. Finally, cannabis
use is associated with an earlier psychosis onset and increased risk of transition in individuals at a
clinical high risk of psychosis. These findings indicate that changing cannabis use behavior could be a
harm reduction strategy employed to lower the risk of developing psychosis. Future research should
aim to further develop specific biomarkers and genetic profiles for psychosis, thereby contributing to
the identification of individuals at the highest risk of developing a psychotic disorder.
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1. Introduction

Schizophrenia and other psychotic disorders are a burdensome group of disorders, with occurrence
of psychosis as an overlapping phenomenon and a lifetime morbid risk of about 7 per 1000 [1,2].
Characteristics of psychosis include positive symptoms, such as hallucinations and delusions; negative
and affective symptoms, such as a lack of motivation and depression; and neurocognitive alterations [2].
Although one of the most robust pathophysiological features of psychosis is an increase in the striatal
dopamine function, accumulating evidence indicates abnormalities in the endocannabinoid system of
patients with a psychotic disorder [3–5]. For example, patients exhibit enhanced levels of endogenous
cannabinoid ligands in cerebrospinal fluid [6,7], as well as increased post-mortem CB1 receptor
densities [8,9] and in vivo CB1 receptor availability in the brain [10,11].

A convincing amount of evidence indicates an association between cannabis use and the risk of
psychosis. First, the administration of ∆9-tetrahydrocannabinol (THC), which is the main psychoactive
component of cannabis, to healthy individuals can induce transient psychotic-like experiences [12–14]
(see for a review, [15]). In addition, early epidemiological studies showed a relationship between
cannabis use and the development of psychotic symptoms or a psychotic disorder later in life [16–22].
Systematic reviews and meta-analyses of these data have confirmed cannabis use as a risk factor in the
development of psychosis or schizophrenia [23–26]. In particular, Moore et al. concluded that the risk

Brain Sci. 2020, 10, 97; doi:10.3390/brainsci10020097 www.mdpi.com/journal/brainsci

http://www.mdpi.com/journal/brainsci
http://www.mdpi.com
https://orcid.org/0000-0001-7880-2300
http://dx.doi.org/10.3390/brainsci10020097
http://www.mdpi.com/journal/brainsci
https://www.mdpi.com/2076-3425/10/2/97?type=check_update&version=2


Brain Sci. 2020, 10, 97 2 of 17

of any psychotic outcome in individuals who had ever used cannabis was increased by approximately
1.5 times [26].

Specific factors appear to moderate this association between cannabis use and the development
of psychosis, in particular, determinants of cannabis use. Several studies have shown that a higher
frequency of cannabis use is related to a higher risk of psychosis [18,19] (see for reviews and
meta-analysis, [26–28]). Similarly, a lower age of onset of cannabis use [17,19,21] and the use of more
potent types of cannabis, with higher THC and lower cannabidiol (CBD) concentrations [22,28], have
been shown to further increase the risk of psychosis. CBD is a non-intoxicating cannabinoid compound
that may attenuate some of the negative effects associated with cannabis use [29–31]. The genetic
profile of cannabis users has also been implicated as a moderator of the association between cannabis
use and the development of psychosis [32–34]. For example, the catechol-O-methyltransferase (COMT)
Val158Met genotype, involved in dopamine turnover in the prefrontal cortex, was shown to interact
with the impact of cannabis use on psychosis risk [35,36]. Initial studies also suggested that cannabis
use is associated with an earlier age of psychosis onset [37–40]. Finally, cannabis use by individuals
at a clinical high risk (CHR) for psychosis may exacerbate psychotic symptoms and drive an earlier
transition to psychosis [41], although contrasting results have also been reported [42].

The present systematic review aims to give an up-to-date, detailed overview of the most recent
literature (2009–2019) on factors that influence the relationship between recreational cannabis use and
the risk of psychosis. The reviewed articles investigated how this relationship was affected by (1)
patterns of cannabis use (e.g., dose and frequency); (2) age of initiation of cannabis use; (3) type of
cannabis used; and (4) the individual genetic profile. Studies on the age of onset of psychosis and the
influence of cannabis use on the transition to psychosis in people at CHR are also discussed.

2. Materials and Methods

2.1. Literature Search and Selection Procedures

A systematic search was performed in two databases—MEDLINE and Embase—to identify
relevant studies conforming to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [43]. The final systematic search was performed on July 23rd, 2019. The search
was limited to human studies published between 2009 and 2019 and was run through titles and
abstracts. The exact search term used was as follows:

((((("Cannabis"[Mesh]) OR ((Cannabis[Title/Abstract] OR

Marihuana*[Title/Abstract] OR Marijuana*[Title/Abstract] OR

Hashish*[Title/Abstract] OR Hemp[Title/Abstract])))) AND

(("Psychotic Disorders"[Mesh]) OR ((psychotic

disorder*[Title/Abstract] OR psychosis[Title/Abstract] OR

psychoses[Title/Abstract] OR psychotic[Title/Abstract]))))) NOT

(animals[MeSH Terms] NOT humans[MeSH Terms]).

Further publications were found by screening reference lists from included articles and relevant
reviews. The PRISMA flowchart presented in Figure 1 shows the selection procedure employed to
identify relevant studies. A total of 3348 records were identified through the search. An additional
12 records were found through screening reference lists of relevant articles. After the removal of
duplicates, 2433 articles were screened and 2340 records were excluded. In total, 93 records were
assessed for eligibility, leaving 56 studies to be included. Please see Table S1 in the Supplementary
Materials for an overview of included studies.

2.2. Selection Criteria

Publications were screened by two researchers. Only published, peer-reviewed, and observational
studies investigating the relationship between cannabis use and psychosis were considered and were
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selected when they examined one of the following moderating factors: (1) patterns of cannabis use
(e.g., dose and frequency); (2) age of initiation of cannabis use; (3) type of cannabis used; (4) the
individual genetic profile; (5) cannabis use related to the age of onset of psychosis; and (6) the influence
of cannabis use on the transition to psychosis in individuals at CHR.

If cannabis was not the only substance being investigated, studies were included only if cannabis
was the most frequently used illicit substance, when each analysis was conducted separately for each
substance, or when other substance use was controlled for. Studies that exclusively reported measures
of lifetime cannabis use (ever vs. never), that only examined other potential risk factors for psychosis
(e.g., childhood trauma), or that reported data from overlapping cohorts were excluded.
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2.3. Statistical Outcome Measures

Because the included papers analysed and reported their results in different ways, an explanation
of statistical outcome measures is provided in Table 1.

Table 1. Explanation of statistical outcome measures.

OR Odds ratio

An OR is a statistic that quantifies the strength of the
association between two events, for example, the use of
cannabis and the development of a psychotic disorder. An OR
greater than 1 indicates that the two events are associated.

HR Hazard ratio

HR is a measure of an effect of an intervention on an outcome
of interest over time, for example, daily cannabis use and the
onset of psychosis. An HR of 1 indicates that event rates (e.g.,
onset of psychosis) are the same in both groups (e.g., daily
cannabis use vs. no cannabis use).

Regression beta
coefficient

A regression assesses whether predictor variables (e.g., age of
onset of cannabis use) account for variability in a dependent
variable (onset of psychosis). The beta coefficient is the degree
of change in the outcome variable for every 1-unit of change in
the predictor variable. If the beta coefficient is positive and
significant, the interpretation is that for every 1-unit increase
in the predictor variable, the outcome variable will increase by
the beta coefficient value.

3. Results

3.1. Cannabis Use and the Development of Psychotic Disorders

3.1.1. Patterns of Cannabis Use

In the last decade, six studies have been published that have examined the role of patterns of
cannabis use in the incidence of psychosis. In their study issued in 2009, Di Forti and colleagues found
that first-episode psychosis (FEP) patients were more likely to be current cannabis users (odds ratio
(OR) = 6.4, 95% Confidence Interval (CI) 3.2–28.6, P < 0.05) and to have used cannabis for over 5 years
(OR = 2.1, 95% CI 0.9–8.4, P < 0.05) compared to a healthy control group [22]. In an international
follow-up study published in 2019, Di Forti et al. took six measures of cannabis use across eleven
European sites in more than 900 FEP patients and 1200 controls. Daily cannabis use increased the
odds of psychotic disorder to 3.2 (fully adjusted OR, 95% CI 2.2–4.1, P < 0.0001) compared with never
having used cannabis, irrespective of the type of cannabis that was used [44]. Compton et al. (2009)
found that past cannabis use had no significant effect on the risk of the onset of psychosis. However,
daily cannabis use did increase the risk of the onset of psychosis (hazard ratio (HR) = 1.997, P < 0.05)
compared to non-cannabis use [45]. According to a 2019 study by Karcher et al., individuals who
reported frequent lifetime cannabis use (defined as cannabis use >100 times lifetime) were diagnosed
with a cannabis use disorder (CUD) and those who reported current cannabis use had an increased risk
of 1.21 to 1.26 times of at least one psychotic-like experience. Moreover, psychotic-like experiences were
associated with frequent cannabis use (β = 0.11, 95% CI 0.08–0.14), cannabis use disorder (β = 0.13,
95% CI 0.09–0.16), and current cannabis use (β = 0.07, 95% CI 0.04–0.10), even after adjustment for
covariates (P < 0.05) [46]. Leadbeater and colleagues (2019) reported that more frequent cannabis use
(β = 0.13, 95% CI 0.002–0.25, P < 0.05), as well as CUD (β = 0.51, 95% CI 0.01–1.01, P < 0.05), during
adolescence were associated with psychotic symptoms at ages 22 and 23 [47]. Finally, Marconi and
colleagues (2016) performed a meta-analysis of 18 studies reporting on the level of cannabis use that
were published before 2014 and demonstrated that higher levels of cannabis use were associated with
an increased risk for psychosis in all the included studies. A logistic regression model gave an OR of
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3.90 (95% CI 2.84–5.34) for the risk of psychotic disorder among the heaviest cannabis users compared
to the non-users [27].

In summary, all studies published in the last decade that investigated patterns of cannabis use
indicate that frequent cannabis use, in particular daily use, is associated with an increased risk for both
psychotic-like experiences and psychotic disorders.

3.1.2. Age of Onset of Cannabis Use

In the past decade, six studies have been published that have investigated the influence of age of
initiation of cannabis use on the development of psychosis. Using an online version of the Community
Assessment of Psychic Experiences (CAPE) questionnaire in a group of more than 17,000 adolescents,
Schubart and colleagues (2011) showed that cannabis use at age 12 or younger was associated with an
OR of 3.1 (95% CI 2.1–4.3, P < 0.05) for a top 10% score on the subscale measuring psychotic experiences.
This significant association between cannabis use and the presence of psychotic experiences was absent
when cannabis use was initiated at 15 years or older [48]. Van Gastel and colleagues (2012) found
similar effects in a survey of secondary school children aged 12–16 (N = 4552), showing that an earlier
age of initiation of heavy cannabis use was significantly related to the onset of psychotic experiences
(β = 0.065, P < 0.001) [49]. In a cohort study of 1756 adolescents, Gage et al. (2014) investigated
cannabis use at age 16 in relation to the emergence of psychotic experiences at age 18 and found
that frequent cannabis use increased the odds of psychotic experiences (OR = 1.48, 95% CI 1.18–1.86,
P = 0.001). Nevertheless, controlling for tobacco or other drugs attenuated the odds to 1.2 (95% CI
0.91–1.76, P = 0.160) and 1.25 (95% CI 0.91–1.73, P = 0.165), respectively, indicating that the use of
other substances may be involved in the association [50]. In a cohort of 410 FEP patients, Di Forti et al.
(2014) demonstrated that those who had started cannabis at age 15 or younger had an earlier onset
of psychosis than those who had started after 15 years (27.0 ± 6.2 vs. 29.1 ± 8.5; HR = 1.40; 95% CI
1.06–1.84, P = 0.05) [51]. In the 2019 study by Di Forti and colleagues, they found that individuals
who had started using cannabis when 15 years old or younger presented increased odds of psychosis
(crude OR = 3.9, 95% CI 3.0–4.9, P < 0.0001) [44]. Finally, Setién-Suero and colleagues (2018) showed a
significant correlation between age of cannabis use onset and age of onset of psychosis in FEP patients
(rho = 0.441; P ≤ 0.001). However, there were no significant differences in the age of psychosis onset
between early and late cannabis users [52].

Overall, the above-mentioned studies indicate that the early initiation of cannabis use is related
to an increased risk of developing psychosis. However, because only a limited number of studies
have compared the odds of psychosis between early and late cannabis users, it is still unclear if young
cannabis users are at a higher risk than late cannabis users. Confounding factors, such as the use of
other substances or the cumulative amount of consumed cannabis, should be taken into account as
these may explain part of the risk.

3.1.3. Type of Cannabis Used

Four studies have reported on the type of cannabis used in relation to the risk of psychosis. First,
Di Forti and colleagues reported, in their study from 2009, that 78% of the cannabis-using FEP patients
consumed high-potency cannabis (containing 12–18% THC) compared with 37% of the control group
(OR = 6.8, 95% CI 2.6–25.4, P < 0.05) [22]. In a 2015 follow-up study by Di Forti et al., it was reported that
the use of high-potency cannabis (containing >10% THC) increased the odds of a psychotic disorder
to almost 3.0 compared to those who never used cannabis (OR = 2.92, 95% CI 1.52–3.45, P = 0.001).
Importantly, everyday use of high-potency cannabis further increased the risk of psychotic disorder
(OR = 5.4, 95% CI 2.81–11.31, P = 0.002) [53]. In their 2019 study, Di Forti and colleagues concluded that
the use of high-potency cannabis (containing >10% THC) modestly increased the odds of a psychotic
disorder (OR = 1.5, 95% CI 1.1–2.6), and correction for daily use did not change this. However, the
daily use of high-potency cannabis did substantially increase the odds of psychotic disorder (OR = 4.8,
95% CI 2.5–6.3). There was no evidence of an interaction between the frequency of use and type of
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cannabis used [44]. Finally, based on the results from their 2011 online survey, Schubart et al. reported
that the use of cannabis with a low THC:CBD ratio (<55) was related to fewer psychotic experiences
than cannabis with a high THC:CBD ratio (>55) (F(1,1877):14.577; P < 0.001) [54].

In summary, these results suggest that the use of high-potency cannabis (i.e., cannabis with a high
THC content or a high THC:CBD ratio) significantly increases the risk of a psychotic disorder.

3.1.4. Genetics

AKT1 Gene
Three studies have investigated the moderating effect of the AKT1 genotype (rs2494732 locus) on

the association between cannabis use and the risk of psychosis. AKT1 is a protein kinase involved
in the dopamine signaling cascade downstream of the D2 dopamine receptor [55]. Van Winkel et al.
(2011) investigated individuals affected by psychosis and their unaffected siblings, and showed that
carriers of the C/C genotype had an approximately two-fold increased odds of being diagnosed with a
psychotic disorder when using cannabis (OR = 2.08, 95% CI 0.92–4.67) [56]. Di Forti and colleagues
found, in a 2012 study, that daily cannabis use of C/C genotype carriers severely increased the odds
of a psychotic disorder (OR= 7.23, 95% CI 1.37–38.12) compared to T/T carriers [57]. Finally, Morgan
and colleagues (2016) also showed an association between the AKT1 genotype and cannabis use in the
emergence of positive psychotomimetic symptoms, which increased with the C/T or C/C genotype
(β = 0.119, P = 0.0015) [58].

COMT Gene
Nine studies have investigated the influence of the COMT Val158Met genotype (rs4680 locus)

on the relationship between cannabis use and the incidence of psychosis. Variation in the COMT
Val158Met polymorphism is associated with dopamine turnover in the prefrontal cortex, with Val/Val
carriers having higher COMT enzyme activity and thus reduced dopamine levels compared to Met/Met
carriers [59,60]. Henquet and colleagues found, in 2009, that individuals with the Val allele showed an
increase in hallucinations after cannabis exposure compared to Met allele carriers [61]. The interaction
between COMT and cannabis use (F = 3.556; P = 0.007; Eta Squared (η2)= 0.044) had a significant effect
on the age of psychosis onset in a 2010 study by Pelayo-Terán (F = 3.816; P = 0.024; η2 = 0.045) [62].
Costas and colleagues (2011) demonstrated a doubled probability of lifetime cannabis use in individuals
homozygous for the Met allele compared to the homozygous Val genotype (Mantel–Haenszel OR
= 2.07, 95% CI 1.27–3.26). There was no significant difference between the different genotypes [63].
Nieman and colleagues (2016) reported an interaction effect between the COMT Val158Met genotype
and cannabis use on subclinical psychotic symptoms in subjects at CHR for psychosis [64].

In contrast, cannabis consumption was not associated with the COMT Val158Met polymorphism
according to Gutiérrez and colleagues (2009). However, for female regular cannabis users, the psychosis
risk was highest when they were also homozygous carriers of the Val allele. Importantly, this seemingly
dose-dependent interaction between cannabis consumption, risk for psychosis, and carrying the Val
allele in females was not significant [65]. Similarly, Zammit et al. concluded from their 2011 study
that there was no evidence of an interaction between cannabis use and six COMT single nucleotide
polymorphisms (SNPs) in the risk of developing psychotic symptoms [66]. In accordance with these
findings, a 2015 study on the rs4680 SNP in a Pakistani population concluded that there was no
association between cannabis use and the polymorphism in schizophrenia [67]. Mané and colleagues
(2017) studied the interaction between COMT and cannabis use with respect to FEP. They reported that
early cannabis use and the presence of the COMT Val158Met polymorphism were not significantly
associated with an earlier onset of psychosis [68]. Another study published in 2017 by Lodhi and
colleagues failed to demonstrate a significant moderating effect of the COMT genotype on the age of
psychosis onset in cannabis users that initiated use before 20 years of age (P = 0.051) [69].

NOS1AP, DRD2, BNDF, and FAAH
In the last decade, four other genes related to cannabis use and psychosis have been examined,

namely, NOS1AP, DRD2, BDNF, and FAAH. First, Husted et al. (2012) demonstrated that the presence of
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the NOS1AP risk of the schizophrenia genotype did not influence schizophrenia expression associated
with cannabis use [70]. Colizzi and colleagues (2015) investigated the dopamine receptor D2 (DRD2)
genotype rs1076560 locus and found that cannabis-using carriers of the T-allele had a three-fold
increase in the odds of psychosis compared to GG carriers (OR = 3.07; 95% CI 1.22–7.63). Among
daily cannabis users, T carriers showed a five-fold increased odds of psychosis (OR = 4.82; 95% CI
1.39–16.71) [71]. The presence of the Met allele on the brain-derived neurotrophic factor (BDNF) gene
Val66Met polymorphism was not associated with early cannabis use according to a 2017 study by
Mané et al. [68]. Bioque et al. (2019) found that T/T carriers of the Fatty Acid Amide Hydrolase (FAAH)
rs2295633 SNP (encoding the FAAH enzyme which is involved in the reuptake and degradation
of endogenous cannabinoid ligands) had a ten-fold increased probability of presenting with FEP
(OR = 10.36, statistical power 0.78), if they used cannabis frequently [72].

Mendelian Randomization Studies
Mendelian randomization studies use genetic variants or polygenic scores as instrumental variables

to control for gene–environment correlation while estimating the association between an exposure
and outcome. In the last decade, three Mendelian randomization studies have been performed that
have focused on the potential causal relationship between cannabis use and psychosis. First, Gage
and colleagues (2017) found some evidence consistent with a causal effect of cannabis initiation on
the risk of psychosis (OR = 1.04, 95% CI 1.01–1.07). However, there was strong evidence consistent
with a causal effect of psychosis risk on the likelihood of cannabis initiation (OR = 1.10, 95% CI
1.05–1.14) [73]. A second study performed in 2018 by Vaucher et al. demonstrated that the use of
cannabis was associated with an increased risk of psychosis (OR for users vs. nonusers of cannabis =

1.37, 95% CI 1.09–1.67), thereby supporting epidemiological studies arguing that the use of cannabis is
causally related to psychosis risk [74]. Finally, Pasman and colleagues (2018) replicated the findings
of Gage et al. by showing some weak (non-significant) evidence for a causal influence of lifetime
cannabis use on psychosis risk (OR = 1.10, 95% CI 0.99–1.21, P = 0.074). They also found stronger
evidence for a causal positive influence of psychosis risk on lifetime cannabis use (OR = 1.16, 95%
CI 1.06–1.27, P = 0.001) [75]. Overall, Mendelian randomization studies suggest that the association
between cannabis and psychosis may be bidirectional.

In summary, evidence exists for a moderating effect of the AKT1 genotype (rs2494732 locus) on
the association between cannabis use and the risk of psychosis, with the highest risk for C/C carriers.
Several studies have shown the COMT Val158Met genotype to be a moderator of the relationship
between cannabis use and the later development of a psychotic disorder, with the highest risk for Val
carriers. However, a significant amount of studies have failed to show an impact on the association
between cannabis and psychosis. Interestingly, both dopamine receptor D2 and FAAH genotypes
appear to modulate the effect of cannabis use on the development of psychosis, but these initial findings
need to be replicated. Using genetic approaches, Mendelian randomization studies suggest that the
association between cannabis and psychosis may be bidirectional.

3.2. Cannabis Use and the Age of Onset of Psychosis

Twenty-two studies have reported on the association between cannabis use and the age of onset of
psychosis. In a 2009 study, lifetime cannabis abuse or dependence was associated with a significantly
earlier onset of psychosis (β = −3.11, t(198) = −3.54; P < 0.001) by 3.1 years (95% CI = 1.4–4.8 years
earlier). The age at onset was another 3 years earlier in individuals with lifetime cannabis abuse
or dependence [76]. Furthermore, progression to daily cannabis use over time predicted an earlier
onset of illness or prodromal symptoms (HR = 2.065, P < 0.05) [45]. In a 2010 study by Barrigón and
colleagues, the age of onset of psychosis treatment was significantly associated with cannabis use; the
earlier the age of onset of the heaviest use, the earlier the start of treatment, indicating a dose-response
relationship (sex-adjusted log-rank χ2(1) = 23.43, P < 0.001) [77]. First-episode schizophrenia patients
with CUD seemed to have an earlier onset of psychotic symptoms according to Sevy et al. (2010). This
result did not hold in a multivariate analysis when additional variables related to CUD were taken
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into account [78]. In contrast, Schimmelmann and colleagues showed, in 2011, that CUD subjects did
not have an earlier age of onset than non-CUD subjects (F(1) = 3.4; P = 0.067; ηp

2 = 0.01). However,
early CUD (starting at age 14 or younger) was associated with an earlier onset of psychosis (β = −0.49,
R2-change = 0.25, P < 0.001) [79]. A systematic meta-analysis by Large and colleagues published in
2011 reported that cannabis use was associated with an earlier onset of psychosis, with the onset for
cannabis users being 2.7 years earlier (32 months) (Standardized Mean Difference (SMD) = −0.414,
effect size −2.70 years) [80]. Accordingly, cannabis use predicted an earlier age at onset (1.5 years) in
schizophrenia patients [81], and cannabis users had a 1.5-year earlier onset of psychosis compared to
non-drug users, as reported in 2012 by Dekker and colleagues (difference = 1.7, B = −1.7, Standard
Error (SE) = 0.6, t = −2.6, P = 0.009) [82]. Furthermore, as reported by Estrada and colleagues (2011),
there was a significant positive relationship between the age at first use of cannabis and the age of
the onset of psychosis (β = 1.66, SE = 0.78, P = 0.04). They also investigated the role of the COMT
Val158Met genotype in this association and found an interaction with cannabis use, showing an
earlier psychosis onset for Val/Val carriers than for Val/Met and Met/Met carriers (β = −2.72, SE =

1.30, P = 0.04) [83]. Grech and colleagues (2012) found that the age at admission, as a proxy measure
for the age of onset of psychosis, was significantly different for individuals who tested positive for
cannabis in a urine test (age = 24.63) and negative testers (age = 44.63) (Mann–Whitney P = 0.001) [84].
Leeson et al. (2012) found that cannabis users had a significantly younger age at onset of psychosis
than non-users (F(1,98) = 9.43, P = 0.003) [85]. Furthermore, in a 2012 study by Galvez-Buccollini,
a significant interaction between age at the initiation of cannabis use and age of onset of psychosis
was found (β = 0.4, 95% CI 0.1–0.7, P = 0.008) [86]. Allegri and colleagues demonstrated, in 2013,
that users of only cannabis experienced psychotic symptoms 6.2 years earlier than individuals who
did not use any drugs (24.2 ± 5.0 vs. 32.9 ± 9.8 years; t(1) = 4.26; P < 0.001) [87]. In addition, in
subjects with schizophrenia spectrum disorder (SSD), age at the initiation of cannabis use and age at
the onset of psychosis were significantly linearly associated after adjusting for confounders (F(11,984)
= 13.77, P < 0.001) [88]. Similarly, after adjustment for diagnosis and gender, FEP patients who used
cannabis had an earlier onset of psychosis than abstinent patients (F(1,291) = 16.29, P< 0.001) [89].
Di Forti and team (2014) also showed that daily users of high-potency cannabis had an earlier onset
of psychosis compared to non-cannabis users of 6 years on average (HR = 1.99; 95% CI 1.50–2.65;
P < 0.0001) [51]. Additionally, in a 2014 study by Donoghue and colleagues, use of cannabis before the
onset of psychosis was associated with an earlier onset of symptoms. In the same study, it was shown
that cannabis use interacting with gender was the most parsimonious model influencing the age of
onset of symptoms [90]. Among 555 FEP patients, history of cannabis abuse was associated with a
nearly 6-year earlier onset of psychosis in 2015 (22.8 vs. 28.7 years, Z = −5.9 years, P < 0.001) [91].
Finally, cannabis use was significantly associated with a 3-year earlier onset of SSD in a large multi-site
sample (N = 1119) study published in 2016, while other factors did not influence the age of onset
(F(1,1003) = 31.66, P < 0.001) [92].

In contrast to the above-mentioned findings, one study reported, in 2009, that the use of cannabis
prior to the age of 18 was not associated with cannabis use in individuals with psychotic disorders [93].
DeRosse and colleagues (2010) also concluded that schizophrenia patients with CUD did not have an
earlier onset compared to patients without CUD [94]. Finally, in a sample of 633 schizophrenia patients
that was subdivided based on the presence of large, rare genetic deletions or large, rare duplications,
only those without large duplications had an earlier age of onset related to cannabis abuse [95].

In summary, the vast majority of studies published in the last decade investigating the age of
onset of psychosis in relation to cannabis use have found that cannabis use is related to an earlier onset
of psychotic symptoms, psychotic experiences, or a psychotic disorder. A few studies have shown an
association between an earlier onset of cannabis use and earlier onset of psychosis.
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3.3. Cannabis Use and the Transition to Psychosis in CHR Subjects

Five studies have examined cannabis use and the transition to psychosis in CHR individuals.
In a study published in 2012, lifetime cannabis abuse was not shown to be related to the transition to
psychosis in a small sample of people at CHR for psychosis (N = 15) [96]. In a much bigger sample of
182 CHR individuals, Valmaggia and colleagues (2014) investigated the influence of cannabis use on
the transition to psychosis and reported that transition was more prevalent in frequent compared to
non-frequent users (χ2(1) = 4.994, P = 0.025). Furthermore, the prevalence was higher in early-onset
users (i.e., <age 15) who continued to use frequently compared to late-users (χ2(1) = 7.093, P = 0.008).
However, in the overall sample, transition rates were not significantly increased in cannabis users
compared to non-users (χ2 (1) = 1.061, P = 0.303) [97]. A study by Auther et al. (2015) reported a more
prevalent and earlier transition in CHR individuals diagnosed with cannabis abuse or CUD compared
to non-users (log-rank test − χ2 = 4.67, P = 0.031) and cannabis users without impairment (log-rank test
− χ2 = 4.92, P = 0.027). However, adjusting for alcohol use weakened this relationship (HR = 1.875, CI
0.963–3.651, P = 0.064), which suggests that the association between cannabis misuse and the transition
to psychosis was confounded by alcohol use [98]. McHugh and colleagues demonstrated, in 2017, that
individuals with a history of cannabis-induced attenuated psychotic symptoms were 4.90 (95% CI
1.93–12.44) times more likely to develop a psychotic disorder. In these individuals, greater cannabis
abuse also indicated a greater risk of transition [99]. Finally, a meta-analysis of seven studies published
before 2016 by Kraan et al. (2017) concluded that current cannabis abuse or dependence in subjects at
CHR for psychosis increased the odds of transition to 1.75 (95% CI 1.135–2.710) [100].

Taken together, these studies indicate that frequent cannabis use, lifetime cannabis abuse, or
cannabis dependence increases the risk of the transition to psychosis in subjects at CHR. However, this
effect may be most pronounced in heavy cannabis users and may be confounded by the use of alcohol
or other drugs of abuse.

4. Discussion

The current systematic review presents a detailed and up-to-date literature overview on factors
that influence the relationship between cannabis use and psychosis risk. Overall, the results show
that, in particular, frequent cannabis use, especially daily use, and the consumption of high-potency
cannabis (i.e., cannabis with high THC and low CBD concentrations) are associated with a higher risk
of developing psychosis. Several genotypes have been shown to moderate the impact of cannabis use
on psychosis risk, particularly those involved in the dopamine function, such as AKT1. Finally, the
results indicate that cannabis use is associated with an earlier onset of psychosis and increased risk of
transition in individuals at CHR of psychosis.

High cannabis exposure (i.e., more than weekly, especially daily use) and the use of high-potency
cannabis are factors particularly associated with an increased risk of developing psychosis. Although
more research is needed to clarify the specific effect of cannabis use in subjects at CHR for psychosis,
most studies indicate that cannabis use increases the risk of the transition to psychosis. Since the
genetic profile seems to modulate the risk cannabis use poses for the development of psychosis,
genetic predisposition should be taken into account when exploring the risk of developing psychotic
symptoms of illness. A better integration and understanding of genetic and environmental factors is
needed in order to identify the individuals that are most sensitive or more resilient to the effects of
cannabis on the risk of psychosis. Future studies should focus on developing methods to identify those
individuals with either resilient or vulnerable genotypes, while considering cannabis use within the
whole exposome [101]. In addition, the biological mechanisms underlying the influence of cannabis
on psychosis risk remain largely unclear [3,30]. Study of the endocannabinoid system might help
to find new markers of illness and recovery, and identify new routes for the development of novel
treatments [30]. Importantly, CBD, a non-intoxicating compound of cannabis, has shown promising
effects in individuals with psychotic symptoms [29,102,103]. Future studies could assess the effect of
cannabis with a high CBD content on psychotic symptoms. In any case, there is enough evidence to set
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up educational programs to inform cannabis users about the risks for developing psychosis, especially
in those with a family history of psychosis or at CHR.

When studying single candidate genes, AKT1 and COMT have frequently been associated with
cannabis use and an increased risk of psychosis. All recent studies that have investigated the moderating
effect of the AKT1 genotype on the relationship between cannabis and psychosis have concluded that C
carriers of the rs2494732 SNP have an increased risk of developing psychosis after cannabis use [56–58].
Interestingly, AKT1 C/C carriers showed an increased sensitivity to the psychotic effects of THC and to
THC-induced memory-related activity in both the striatum and midbrain, which further suggests that
psychotic effects of cannabis might be mediated by dopamine [104]. Regarding the COMT gene, several
studies have shown the Val158Met genotype to be a moderator of the association between cannabis
use and the later development of a psychotic disorder, with the highest risk for Val carriers [61–64].
However, a significant number of studies have failed to show an impact on the relationship between
cannabis and psychosis [65–69]. As was also concluded by a recent meta-analysis [105], an association
between the COMT Val158Met genotype, cannabis use, and psychosis cannot be proven at the moment,
accounting for the dissimilarity in results. These controversial results probably reflect the limited value
of the study of single genes for predicting mental health outcomes [106,107], since complex phenotypes
like psychosis are associated with multiple genes [108]. Over the past decade, advanced genetic
analyses that allow complex phenotypes to be predicted have been developed, such as polygenic risk
scores [109]. Future studies should investigate the moderating effect of psychosis polygenic risk scores
on the association between cannabis use and the development of psychosis, rather than examining
single candidate genes. Mendelian randomization studies that use genetic variants or polygenic
scores could shed further light on causality and the direction of the relationship between cannabis
and psychosis.

A few factors should be taken into account when interpreting the results from the present systematic
review. First, the influence of childhood trauma, the use of substances other than cannabis, and exposure
to other environmental factors on the relationship between cannabis use and psychotic disorders was
beyond the scope of the current review. However, several studies have demonstrated an impact of
childhood trauma on the association between cannabis use and psychosis risk [110–112]. Additionally,
cannabis use is related to the use of other substances (e.g., tobacco) that have independently been
associated with psychosis [113], which may have an effect on the relationship between cannabis and
psychosis. Therefore, future longitudinal studies may attempt to integrate these potential moderators
when studying this relationship. Second, definitions of cannabis use parameters differed between
studies. For example, frequent cannabis use was defined as weekly use in some studies, but as daily
use in others. Likewise, the definition of high-potency cannabis varied between studies, and actual
THC/CBD concentrations of cannabis samples were not assessed. Standardized measures for assessing
cannabis use and determining THC/CBD concentrations in cannabis are highly needed for improving
the comparison and interpretation of results [114,115]. Third, although the present systematic review
provides an up-to-date and detailed overview of the most recent literature, possible differences in
the quality of the included studies were not assessed in a systematic way. Therefore, variation in,
for example, the study design and sample sizes, ranging from international multicenter studies with
standardized assessments of thousands of patients to retrospective measures in smaller patient groups,
may explain the differences in reported findings. Finally, the present review did not necessarily focus
on confounders of the relationship between cannabis use and psychosis. A few studies have shown
that confounding factors, such as age, gender, and the use of other substances, may attenuate the
effect of cannabis use on the risk of psychosis [50]. Future studies or literature reviews could clarify
which factors are important and could give more insight into the precise effect of cannabis use on the
incidence of psychosis.

In conclusion, literature from the last decade shows that, in particular, frequent cannabis
use and the consumption of high-potency cannabis increase the risk of psychosis. Furthermore,
cannabis use lowers the age of onset of psychosis by 3 years, and increases the risk of transition in
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subjects at CHR for psychosis. Cannabis use is a risk factor—not necessary or sufficient for causing
psychosis—that interplays with the genetic background, together with other environmental factors.
These gene–environmental interactions are complex and still unclear. Further research should aim
to clarify which genes are implicated in modulating the effect of modifiable environmental factors
like cannabis use within the whole exposome. This might help to predict how changes in these
environmental factors can positively impact the prognosis of patients with psychosis or at CHR by
counterbalancing a vulnerable genetic profile. In addition, new studies should focus on the biological
effect of cannabis on the endocannabinoid system and its relation with psychosis, as well as the
potential pharmaceutical properties of CBD.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3425/10/2/97/s1,
Table S1: Overview of studies included in the present systematic review.

Author Contributions: S.J.v.d.S. performed the systematic search and drafted the manuscript, S.J.v.d.S. and M.G.B.
screened potentially eligible publications, and A.B. and M.G.B. critically revised the manuscript for important
intellectual content. All authors are listed and have significantly contributed to the manuscript. All authors have
read and agreed to the published version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. McGrath, J.; Saha, S.; Chant, D.; Welham, J. Schizophrenia: A concise overview of incidence, prevalence, and
mortality. Epidemiol. Rev. 2008, 30, 67–76. [CrossRef] [PubMed]

2. Van Os, J.; Kapur, S. Schizophrenia. Lancet 2009, 374, 635–645. [CrossRef]
3. Bossong, M.G.; Niesink, R.J.M. Adolescent brain maturation, the endogenous cannabinoid system and the

neurobiology of cannabis-induced schizophrenia. Prog. Neurobiol. 2010, 92, 370–385. [CrossRef] [PubMed]
4. Bossong, M.G.; Jansma, J.M.; Bhattacharyya, S.; Ramsey, N.F. Role of the endocannabinoid system in

brain functions relevant for schizophrenia: An overview of human challenge studies with cannabis or
∆9-tetrahydrocannabinol (THC). Prog. Neuropsychopharmacol. Biol. Psychiatry 2014, 52, 53–69. [CrossRef]
[PubMed]

5. Minichino, A.; Senior, M.; Brondino, N.; Zhang, S.H.; Godwlewska, B.R.; Burnet, P.W.J.; Cipriani, A.;
Lennox, B.R. Measuring Disturbance of the Endocannabinoid System in Psychosis: A Systematic Review
and Meta-analysis. JAMA Psychiatry 2019. [CrossRef] [PubMed]

6. Giuffrida, A.; Leweke, F.M.; Gerth, C.W.; Schreiber, D.; Koethe, D.; Faulhaber, J.; Klosterkötter, J.; Piomelli, D.
Cerebrospinal anandamide levels are elevated in acute schizophrenia and are inversely correlated with
psychotic symptoms. Neuropsychopharmacology 2004, 29, 2108–2114. [CrossRef]

7. Leweke, F.M.; Giuffrida, A.; Koethe, D.; Schreiber, D.; Nolden, B.M.; Kranaster, L.; Neatby, M.A.; Schneider, M.;
Gerth, C.W.; Hellmich, M.; et al. Anandamide levels in cerebrospinal fluid of first-episode schizophrenic
patients: Impact of cannabis use. Schizophr. Res. 2007, 94, 29–36. [CrossRef]

8. Dalton, V.S.; Long, L.E.; Weickert, C.S.; Zavitsanou, K. Paranoid schizophrenia is characterized by increased
CB(1) receptor binding in the dorsolateral prefrontal cortex. Neuropsychopharmacology 2011, 36, 1620–1630.
[CrossRef]

9. Jenko, K.J.; Hirvonen, J.; Henter, I.D.; Anderson, K.B.; Zoghbi, S.S.; Hyde, T.M.; Deep-Soboslay, A.; Innis, R.B.;
Kleinman, J.E. Binding of a tritiated inverse agonist to cannabinoid CB1 receptors is increased in patients
with schizophrenia. Schizophr. Res. 2012, 141, 185–188. [CrossRef]

10. Ceccarini, J.; De Hert, M.; Van Winkel, R.; Peuskens, J.; Bormans, G.; Kranaster, L.; Enning, F.; Koethe, D.;
Leweke, F.M.; Van Laere, K. Increased ventral striatal CB1 receptor binding is related to negative symptoms
in drug-free patients with schizophrenia. Neuroimage 2013, 79, 304–312. [CrossRef]

11. Wong, D.F.; Kuwabara, H.; Horti, A.G.; Raymont, V.; Brasic, J.; Guevara, M.; Ye, W.; Dannals, R.F.; Ravert, H.T.;
Nandi, A.; et al. Quantification of cerebral cannabinoid receptors subtype 1 (CB1) in healthy subjects and
schizophrenia by the novel PET radioligand [11C]OMAR. Neuroimage 2010, 52, 1505–1513. [CrossRef]
[PubMed]

http://www.mdpi.com/2076-3425/10/2/97/s1
http://dx.doi.org/10.1093/epirev/mxn001
http://www.ncbi.nlm.nih.gov/pubmed/18480098
http://dx.doi.org/10.1016/S0140-6736(09)60995-8
http://dx.doi.org/10.1016/j.pneurobio.2010.06.010
http://www.ncbi.nlm.nih.gov/pubmed/20624444
http://dx.doi.org/10.1016/j.pnpbp.2013.11.017
http://www.ncbi.nlm.nih.gov/pubmed/24380726
http://dx.doi.org/10.1001/jamapsychiatry.2019.0970
http://www.ncbi.nlm.nih.gov/pubmed/31166595
http://dx.doi.org/10.1038/sj.npp.1300558
http://dx.doi.org/10.1016/j.schres.2007.04.025
http://dx.doi.org/10.1038/npp.2011.43
http://dx.doi.org/10.1016/j.schres.2012.07.021
http://dx.doi.org/10.1016/j.neuroimage.2013.04.052
http://dx.doi.org/10.1016/j.neuroimage.2010.04.034
http://www.ncbi.nlm.nih.gov/pubmed/20406692


Brain Sci. 2020, 10, 97 12 of 17

12. D’Souza, D.C.; Perry, E.; MacDougall, L.; Ammerman, Y.; Cooper, T.; Wu, Y.T.; Braley, G.; Gueorguieva, R.;
Krystal, J.H. The psychotomimetic effects of intravenous delta-9-tetrahydrocannabinol in healthy individuals:
Implications for psychosis. Neuropsychopharmacology 2004, 29, 1558–1572. [CrossRef] [PubMed]

13. Bossong, M.G.; Jansma, J.M.; van Hell, H.H.; Jager, G.; Kahn, R.S.; Ramsey, N.F. Default Mode Network in
the Effects of ∆9-Tetrahydrocannabinol (THC) on Human Executive Function. PLoS ONE 2013, 8, e70074.
[CrossRef] [PubMed]

14. Bhattacharyya, S.; Fusar-Poli, P.; Borgwardt, S.; Martin-Santos, R.; Nosarti, C.; O’Carrol, C.; Allen, P.; Seal, M.;
Fletcher, P.; Crippa, J.A.; et al. Modulation of mediotemporal and ventrostriatal function in humans by
A9-tetrahydrocannabinol a neural basis for the effects of cannabis sativa on learning and psychosis. Arch.
Gen. Psychiatry 2009, 66, 442–451. [CrossRef]

15. Sherif, M.; Radhakrishnan, R.; D’Souza, D.C.; Ranganathan, M. Human laboratory studies on cannabinoids
and psychosis. Biol. Psychiatry 2016, 79, 526–538. [CrossRef] [PubMed]

16. Tien, A.Y.; Anthony, J.C. Epidemiological analysis of alcohol and drug use as risk factors for psychotic
experiences. J. Nerv. Ment. Dis. 1990, 178, 473–480. [CrossRef]

17. Arseneault, L.; Cannon, M.; Poulton, R.; Murray, R.; Caspi, A.; Moffitt, T.E. Cannabis use in adolescence and
risk for adult psychosis: Longitudinal prospective study. BMJ 2002, 325, 1212–1213. [CrossRef]

18. Van Os, J.; Bak, M.; Hanssen, M.; Bijl, R.V.; De Graaf, R.; Verdoux, H. Cannabis use and psychosis: A
longitudinal population-based study. Am. J. Epidemiol. 2002, 156, 319–327. [CrossRef]

19. Zammit, S.; Allebeck, P.; Andreasson, S.; Lundberg, I.; Lewis, G. Self reported cannabis use as a risk factor for
schizophrenia in Swedish conscripts of 1969: Historical cohort study. BMJ 2002, 325, 1199. [CrossRef]

20. Fergusson, D.M.; Horwood, L.J.; Ridder, E.M. Tests of causal linkages between cannabis use and psychotic
symptoms. Addiction 2005, 100, 354–366. [CrossRef]

21. Henquet, C.; Krabbendam, L.; Spauwen, J.; Kaplan, C.; Lieb, R.; Wittchen, H.U.; van Os, J. Prospective cohort
study of cannabis use, predisposition for psychosis, and psychotic symptoms in young people. BMJ 2005,
330, 11. [CrossRef] [PubMed]

22. Di Forti, M.; Morgan, C.; Dazzan, P.; Pariante, C.; Mondelli, V.; Marques, T.R.; Handley, R.; Luzi, S.; Russo, M.;
Paparelli, A.; et al. High-potency cannabis and the risk of psychosis. Br. J. Psychiatry 2009, 195, 488–491.
[CrossRef] [PubMed]

23. Arseneault, L.; Cannon, M.; Witton, J.; Murray, R.M. Causal association between cannabis and psychosis:
Examination of the evidence. Br. J. Psychiatry 2004, 184, 110–117. [CrossRef] [PubMed]

24. Smit, F.; Bolier, L.; Cuijpers, P. Cannabis use and the risk of later schizophrenia: A review. Addiction 2004, 99,
425–430. [CrossRef] [PubMed]

25. Semple, D.M.; McIntosh, A.M.; Lawrie, S.M. Cannabis as a risk factor for psychosis: Systematic review. J.
Psychopharmacol. 2005, 19, 187–194. [CrossRef] [PubMed]

26. Moore, T.H.; Zammit, S.; Lingford-Hughes, A.; Barnes, T.R.; Jones, P.B.; Burke, M.; Lewis, G. Cannabis use
and risk of psychotic or affective mental health outcomes: A systematic review. Lancet 2007, 370, 319–328.
[CrossRef]

27. Marconi, A.; di Forti, M.; Lewis, C.M.; Murray, R.M.; Vassos, E. Meta-analysis of the association between the
level of cannabis use and risk of psychosis. Schizophr. Bull. 2016, 42, 1262–1269. [CrossRef]

28. Murray, R.M.; Quigley, H.; Quattrone, D.; Englund, A.; Di Forti, M. Traditional marijuana, high-potency
cannabis and synthetic cannabinoids: Increasing risk for psychosis. World Psychiatry 2016, 15, 195–204.
[CrossRef]

29. Iseger, T.A.; Bossong, M.G. A systematic review of the antipsychotic properties of cannabidiol in humans.
Schizophr. Res. 2015, 162, 153–161. [CrossRef]

30. Batalla, A.; Janssen, H.; Gangadin, S.S.; Bossong, M.G. The Potential of Cannabidiol as a Treatment for
Psychosis and Addiction: Who Benefits Most? A Systematic Review. J. Clin. Med. 2019, 8, 1058. [CrossRef]

31. Freeman, A.M.; Petrilli, K.; Lees, R.; Hindocha, C.; Mokrysz, C.; Curran, H.V.; Saunders, R.; Freeman, T.P.
How does cannabidiol (CBD) influence the acute effects of delta-9-tetrahydrocannabinol (THC) in humans?
A systematic review. Neurosci. Biobehav. Rev. 2019, 107, 696–712. [CrossRef] [PubMed]

32. Pelayo-Teran, J.M.; Suarez-Pinilla, P.; Chadi, N.; Crespo-Facorro, B. Gene-Environment Interactions
Underlying the Effect of Cannabis in First Episode Psychosis. Curr. Pharm. Des. 2012, 18, 5024–5035.
[CrossRef] [PubMed]

http://dx.doi.org/10.1038/sj.npp.1300496
http://www.ncbi.nlm.nih.gov/pubmed/15173844
http://dx.doi.org/10.1371/journal.pone.0070074
http://www.ncbi.nlm.nih.gov/pubmed/23936144
http://dx.doi.org/10.1001/archgenpsychiatry.2009.17
http://dx.doi.org/10.1016/j.biopsych.2016.01.011
http://www.ncbi.nlm.nih.gov/pubmed/26970363
http://dx.doi.org/10.1097/00005053-199008000-00001
http://dx.doi.org/10.1136/bmj.325.7374.1212
http://dx.doi.org/10.1093/aje/kwf043
http://dx.doi.org/10.1136/bmj.325.7374.1199
http://dx.doi.org/10.1111/j.1360-0443.2005.01001.x
http://dx.doi.org/10.1136/bmj.38267.664086.63
http://www.ncbi.nlm.nih.gov/pubmed/15574485
http://dx.doi.org/10.1192/bjp.bp.109.064220
http://www.ncbi.nlm.nih.gov/pubmed/19949195
http://dx.doi.org/10.1192/bjp.184.2.110
http://www.ncbi.nlm.nih.gov/pubmed/14754822
http://dx.doi.org/10.1111/j.1360-0443.2004.00683.x
http://www.ncbi.nlm.nih.gov/pubmed/15049742
http://dx.doi.org/10.1177/0269881105049040
http://www.ncbi.nlm.nih.gov/pubmed/15871146
http://dx.doi.org/10.1016/S0140-6736(07)61162-3
http://dx.doi.org/10.1093/schbul/sbw003
http://dx.doi.org/10.1002/wps.20341
http://dx.doi.org/10.1016/j.schres.2015.01.033
http://dx.doi.org/10.3390/jcm8071058
http://dx.doi.org/10.1016/j.neubiorev.2019.09.036
http://www.ncbi.nlm.nih.gov/pubmed/31580839
http://dx.doi.org/10.2174/138161212802884609
http://www.ncbi.nlm.nih.gov/pubmed/22716151


Brain Sci. 2020, 10, 97 13 of 17

33. Henquet, C.; Di Forti, M.; Morrison, P.; Kuepper, R.; Murray, R.M. Gene-environment interplay between
cannabis and psychosis. Schizophr. Bull. 2008, 34, 1111–1121. [CrossRef] [PubMed]

34. Van Winkel, R.; Kuepper, R. Epidemiological, neurobiological, and genetic clues to the mechanisms linking
cannabis use to risk for nonaffective psychosis. Annu. Rev. Clin. Psychol. 2014, 10, 767–791. [CrossRef]
[PubMed]

35. Caspi, A.; Moffitt, T.E.; Cannon, M.; McClay, J.; Murray, R.; Harrington, H.; Taylor, A.; Arseneault, L.;
Williams, B.; Braithwaite, A.; et al. Moderation of the effect of adolescent-onset cannabis use on adult
psychosis by a functional polymorphism in the catechol-O-methyltransferase gene: Longitudinal evidence
of a gene X environment interaction. Biol. Psychiatry 2005, 57, 1117–1127. [CrossRef]

36. Henquet, C.; Rosa, A.; Krabbendam, L.; Papiol, S.; Fananas, L.; Drukker, M.; Ramaekers, J.G.;
van Os, J. An experimental study of catechol-o-methyltransferase Val158Met moderation of
delta-9-tetrahydrocannabinol-induced effects on psychosis and cognition. Neuropsychopharmacology 2006, 31,
2748–2757. [CrossRef]

37. Veen, N.D.; Selten, J.-P.; van der Tweel, I.; Feller, W.G.; Hoek, H.W.; Kahn, R.S. Cannabis Use and Age at
Onset of Schizophrenia. Am. J. Psychiatry 2004, 161, 501–506. [CrossRef]

38. Barnes, T.R.E.; Mutsatsa, S.H.; Hutton, S.B.; Watt, H.C.; Joyce, E.M. Comorbid substance use and age at onset
of schizophrenia. Br. J. Psychiatry 2006, 188, 237–242. [CrossRef]

39. Pelayo-Terán, J.M.; Pérez-Iglesias, R.; Ramírez-Bonilla, M.; González-Blanch, C.; Martínez-García, O.;
Pardo-García, G.; Rodríguez-Sánchez, J.M.; Roiz-Santiáñez, R.; Tordesillas-Gutiérrez, D.; Mata, I.; et al.
Epidemiological factors associated with treated incidence of first-episode non-affective psychosis in Cantabria:
Insights from the Clinical Programme on Early Phases of Psychosis. Early Interv. Psychiatry 2008, 2, 178–187.
[CrossRef]

40. González-Pinto, A.; Vega, P.; Ibáñez, B.; Mosquera, F.; Barbeito, S.; Gutiérrez, M.; Ruiz de Azúa, S.; Ruiz, I.;
Vieta, E. Impact of cannabis and other drugs on age at onset of psychosis. J. Clin. Psychiatry 2008, 69,
1210–1216. [CrossRef]

41. Kristensen, K.; Cadenhead, K.S. Cannabis abuse and risk for psychosis in a prodromal sample. Psychiatry
Res. 2007, 151, 151–154. [CrossRef] [PubMed]

42. Phillips, L.J.; Curry, C.; Yung, A.R.; Yuen, H.P.; Adlard, S.; McGorry, P.D. Cannabis use is not associated
with the development of psychosis in an ‘ultra’ high-risk group. Aust. N. Z. J. Psychiatry 2002, 36, 800–806.
[CrossRef] [PubMed]

43. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. PRISMA 2009 Flow Diagram. The PRISMA statement 2009, 6,
1000097.

44. Di Forti, M.; Quattrone, D.; Freeman, T.P.; Tripoli, G.; Gayer-Anderson, C.; Quigley, H.; Rodriguez, V.;
Jongsma, H.E.; Ferraro, L.; La Cascia, C.; et al. The contribution of cannabis use to variation in the incidence
of psychotic disorder across Europe (EU-GEI): A multicentre case-control study. Lancet Psychiatry 2019, 6,
427–436. [CrossRef]

45. Compton, M.T.; Kelley, M.E.; Ramsay, C.E.; Pringle, M.; Goulding, S.M.; Esterberg, M.L.; Stewart, T.;
Walker, E.F. Association of pre-onset cannabis, alcohol, and tobacco use with age at onset of prodrome and
age at onset of psychosis in first-episode patients. Am. J. Psychiatry 2009, 166, 1251–1257. [CrossRef]

46. Karcher, N.R.; Barch, D.M.; Demers, C.H.; Baranger, D.A.A.; Heath, A.C.; Lynskey, M.T.; Agrawal, A. Genetic
Predisposition vs Individual-Specific Processes in the Association between Psychotic-like Experiences and
Cannabis Use. JAMA Psychiatry 2019, 76, 87–94. [CrossRef]

47. Leadbeater, B.J.; Ames, M.E.; Linden-Carmichael, A.N. Age-varying effects of cannabis use frequency and
disorder on symptoms of psychosis, depression and anxiety in adolescents and adults. Addiction 2019, 114,
278–293. [CrossRef]

48. Schubart, C.D.; van Gastel, W.A.; Breetvelt, E.J.; Beetz, S.L.; Ophoff, R.A.; Sommer, I.E.; Kahn, R.S.; Boks, M.P.
Cannabis use at a young age is associated with psychotic experiences. Psychol. Med. 2011, 41, 1301–1310.
[CrossRef]

49. Van Gastel, W.A.; Wigman, J.T.; Monshouwer, K.; Kahn, R.S.; van Os, J.; Boks, M.P.; Vollebergh, W.A. Cannabis
use and subclinical positive psychotic experiences in early adolescence: Findings from a Dutch survey.
Addiction 2012, 107, 381–387. [CrossRef]

http://dx.doi.org/10.1093/schbul/sbn108
http://www.ncbi.nlm.nih.gov/pubmed/18723841
http://dx.doi.org/10.1146/annurev-clinpsy-032813-153631
http://www.ncbi.nlm.nih.gov/pubmed/24471373
http://dx.doi.org/10.1016/j.biopsych.2005.01.026
http://dx.doi.org/10.1038/sj.npp.1301197
http://dx.doi.org/10.1176/appi.ajp.161.3.501
http://dx.doi.org/10.1192/bjp.bp.104.007237
http://dx.doi.org/10.1111/j.1751-7893.2008.00074.x
http://dx.doi.org/10.4088/JCP.v69n0802
http://dx.doi.org/10.1016/j.psychres.2006.10.001
http://www.ncbi.nlm.nih.gov/pubmed/17383738
http://dx.doi.org/10.1046/j.1440-1614.2002.01089.x
http://www.ncbi.nlm.nih.gov/pubmed/12406123
http://dx.doi.org/10.1016/S2215-0366(19)30048-3
http://dx.doi.org/10.1176/appi.ajp.2009.09030311
http://dx.doi.org/10.1001/jamapsychiatry.2018.2546
http://dx.doi.org/10.1111/add.14459
http://dx.doi.org/10.1017/S003329171000187X
http://dx.doi.org/10.1111/j.1360-0443.2011.03626.x


Brain Sci. 2020, 10, 97 14 of 17

50. Gage, S.H.; Hickman, M.; Heron, J.; Munafò, M.R.; Lewis, G.; Macleod, J.; Zammit, S. Associations of cannabis
and cigarette use with psychotic experiences at age 18: Findings from the Avon Longitudinal Study of
Parents and Children. Psychol. Med. 2014, 44, 3435–3444. [CrossRef]

51. Di Forti, M.; Sallis, H.; Allegri, F.; Trotta, A.; Ferraro, L.; Stilo, S.A.; Marconi, A.; La Cascia, C.; Reis Marques, T.;
Pariante, C.; et al. Daily use, especially of high-potency cannabis, drives the earlier onset of psychosis in
cannabis users. Schizophr. Bull. 2014, 40, 1509–1517. [CrossRef] [PubMed]

52. Setién-Suero, E.; Martínez-García, O.; de la Foz, V.O.; Vázquez-Bourgon, J.; Correa-Ghisays, P.; Ferro, A.;
Crespo-Facorro, B.; Ayesa-Arriola, R. Age of onset of Cannabis use and cognitive function in first-episode
non-affective psychosis patients: Outcome at three-year follow-up. Schizophr. Res. 2018, 201, 159–166.
[CrossRef]

53. Di Forti, M.; Marconi, A.; Carra, E.; Fraietta, S.; Trotta, A.; Bonomo, M.; Bianconi, F.; Gardner-Sood, P.;
O’Connor, J.; Russo, M.; et al. Proportion of patients in south London with first-episode psychosis attributable
to use of high potency cannabis: A case-control study. Lancet Psychiatry 2015, 2, 233–238. [CrossRef]

54. Schubart, C.D.; Sommer, I.E.C.; van Gastel, W.A.; Goetgebuer, R.L.; Kahn, R.S.; Boks, M.P.M. Cannabis with
high cannabidiol content is associated with fewer psychotic experiences. Schizophr. Res. 2011, 130, 216–221.
[CrossRef] [PubMed]

55. Ozaita, A.; Puighermanal, E.; Maldonado, R. Regulation of PI3K/Akt/GSK-3 pathway by cannabinoids in the
brain. J. Neurochem. 2007, 102, 1105–1114. [CrossRef] [PubMed]

56. van Winkel, R. Genetic Risk and Outcome of Psychosis (GROUP) Investigators. Family-based analysis of
genetic variation underlying psychosis-inducing effects of cannabis: Sibling analysis and proband follow-up.
Arch. Gen. Psychiatry 2011, 68, 148–157. [CrossRef]

57. Di Forti, M.; Iyegbe, C.; Sallis, H.; Kolliakou, A.; Falcone, M.A.; Paparelli, A.; Sirianni, M.; La Cascia, C.;
Stilo, S.A.; Marques, T.R.; et al. Confirmation that the AKT1 (rs2494732) genotype influences the risk of
psychosis in cannabis users. Biol. Psychiatry 2012, 72, 811–816. [CrossRef]

58. Morgan, C.J.A.; Freeman, T.P.; Powell, J.; Curran, H.V. AKT1 genotype moderates the acute psychotomimetic
effects of naturalistically smoked cannabis in young cannabis smokers. Transl. Psychiatry 2016, 6, e738.
[CrossRef]

59. Chen, J.; Lipska, B.K.; Halim, N.; Ma, Q.D.; Matsumoto, M.; Melhem, S.; Kolachana, B.S.; Hyde, T.M.;
Herman, M.M.; Apud, J.; et al. Functional analysis of genetic variation in catechol-O-methyltransferase
(COMT): Effects on mRNA, protein, and enzyme activity in postmortem human brain. Am. J. Hum. Genet.
2004, 75, 807–821. [CrossRef]

60. Tunbridge, E.M.; Harrison, P.J.; Weinberger, D.R. Catechol-o-Methyltransferase, Cognition, and Psychosis:
Val158Met and Beyond. Biol. Psychiatry 2006, 60, 141–151. [CrossRef]

61. Henquet, C.; Rosa, A.; Delespaul, P.; Papiol, S.; Fananás, L.; van Os, J.; Myin-Germeys, I. COMT ValMet
moderation of cannabis-induced psychosis: A momentary assessment study of ’switching on’ hallucinations
in the flow of daily life. Acta Psychiatr. Scand. 2009, 119, 156–160. [CrossRef] [PubMed]

62. Pelayo-Terán, J.M.; Pérez-Iglesias, R.; Mata, I.; Carrasco-Marín, E.; Vázquez-Barquero, J.L.; Crespo-Facorro, B.
Catechol-O-Methyltransferase (COMT) Val158Met variations and cannabis use in first-episode non-affective
psychosis: Clinical-onset implications. Psychiatry Res. 2010, 179, 291–296. [CrossRef] [PubMed]

63. Costas, J.; Sanjuán, J.; Ramos-Ríos, R.; Paz, E.; Agra, S.; Tolosa, A.; Páramo, M.; Brenlla, J.; Arrojo, M.
Interaction between COMT haplotypes and cannabis in schizophrenia: A case-only study in two samples
from Spain. Schizophr. Res. 2011, 127, 22–27. [CrossRef] [PubMed]

64. Nieman, D.H.; Dragt, S.; van Duin, E.D.A.; Denneman, N.; Overbeek, J.M.; de Haan, L.; Rietdijk, J.; Ising, H.K.;
Klaassen, R.M.C.; van Amelsvoort, T.; et al. COMT Val158Met genotype and cannabis use in people with an
At Risk Mental State for psychosis: Exploring Gene x Environment interactions. Schizophr. Res. 2016, 174,
24–28. [CrossRef]

65. Gutiérrez, B.; Rivera, M.; Obel, L.; McKenney, K.; Martínez-Leal, R.; Molina, E.; Dolz, M.; Ochoa, S.; Usall, J.;
Haro, J.M.; et al. Variability in the COMT gene and modification of the risk of schizophrenia conferred by
cannabis consumption. Rev. Psiquiatr. Salud Ment. 2009, 2, 89–94. [CrossRef]

66. Zammit, S.; Owen, M.J.; Evans, J.; Heron, J.; Lewis, G. Cannabis, COMT and psychotic experiences. Br. J.
Psychiatry 2011, 199, 380–385. [CrossRef]

http://dx.doi.org/10.1017/S0033291714000531
http://dx.doi.org/10.1093/schbul/sbt181
http://www.ncbi.nlm.nih.gov/pubmed/24345517
http://dx.doi.org/10.1016/j.schres.2018.05.036
http://dx.doi.org/10.1016/S2215-0366(14)00117-5
http://dx.doi.org/10.1016/j.schres.2011.04.017
http://www.ncbi.nlm.nih.gov/pubmed/21592732
http://dx.doi.org/10.1111/j.1471-4159.2007.04642.x
http://www.ncbi.nlm.nih.gov/pubmed/17484726
http://dx.doi.org/10.1001/archgenpsychiatry.2010.152
http://dx.doi.org/10.1016/j.biopsych.2012.06.020
http://dx.doi.org/10.1038/tp.2015.219
http://dx.doi.org/10.1086/425589
http://dx.doi.org/10.1016/j.biopsych.2005.10.024
http://dx.doi.org/10.1111/j.1600-0447.2008.01265.x
http://www.ncbi.nlm.nih.gov/pubmed/18808401
http://dx.doi.org/10.1016/j.psychres.2009.08.022
http://www.ncbi.nlm.nih.gov/pubmed/20493536
http://dx.doi.org/10.1016/j.schres.2011.01.014
http://www.ncbi.nlm.nih.gov/pubmed/21310591
http://dx.doi.org/10.1016/j.schres.2016.03.015
http://dx.doi.org/10.1016/S1888-9891(09)72250-5
http://dx.doi.org/10.1192/bjp.bp.111.091421


Brain Sci. 2020, 10, 97 15 of 17

67. Nawaz, R.; Siddiqui, S. Association of Single Nucleotide Polymorphisms in Catechol-OMethyltransferase
and Serine-Threonine Protein Kinase Genes in the Pakistani Schizophrenic Population: A Study with Special
Emphasis on Cannabis and Smokeless Tobacco. CNS Neurol. Disord.-Drug Targets 2015, 14, 1086–1095.
[CrossRef]

68. Mané, A.; Bergé, D.; Penzol, M.J.; Parellada, M.; Bioque, M.; Lobo, A.; González-Pinto, A.; Corripio, I.;
Cabrera, B.; Sánchez-Torres, A.M.; et al. Cannabis use, COMT, BDNF and age at first-episode psychosis.
Psychiatry Res. 2017, 250, 38–43. [CrossRef]

69. Lodhi, R.J.; Wang, Y.; Rossolatos, D.; MacIntyre, G.; Bowker, A.; Crocker, C.; Ren, H.; Dimitrijevic, A.;
Bugbee, D.A.; Loverock, A.; et al. Investigation of the COMT Val158Met variant association with age of onset
of psychosis, adjusting for cannabis use. Brain Behav. 2017, 7, e00850. [CrossRef]

70. Husted, J.A.; Ahmed, R.; Chow, E.W.C.; Brzustowicz, L.M.; Bassett, A.S. Early environmental exposures
influence schizophrenia expression even in the presence of strong genetic predisposition. Schizophr. Res.
2012, 137, 166–168. [CrossRef]

71. Colizzi, M.; Iyegbe, C.; Powell, J.; Ursini, G.; Porcelli, A.; Bonvino, A.; Taurisano, P.; Romano, R.; Masellis, R.;
Blasi, G.; et al. Interaction between functional genetic variation of DRD2 and cannabis use on risk of
psychosis. Schizophr. Bull 2015, 41, 1171–1182. [CrossRef] [PubMed]

72. Bioque, M.; Mas, S.; Costanzo, M.C.; Cabrera, B.; Lobo, A.; González-Pinto, A.; Rodriguez-Toscano, E.;
Corripio, I.; Vieta, E.; Baeza, I.; et al. Gene-environment interaction between an endocannabinoid system
genetic polymorphism and cannabis use in first episode of psychosis. Eur. Neuropsychopharmacol. 2019, 29,
786–794. [CrossRef] [PubMed]

73. Gage, S.H.; Jones, H.J.; Burgess, S.; Bowden, J.; Davey Smith, G.; Zammit, S.; Munafò, M.R. Assessing causality
in associations between cannabis use and schizophrenia risk: A two-sample Mendelian randomization study.
Psychol Med. 2017, 47, 971–980. [CrossRef] [PubMed]

74. Vaucher, J.; Keating, B.J.; Lasserre, A.M.; Gan, W.; Lyall, D.M.; Ward, J.; Smith, D.J.; Pell, J.P.; Sattar, N.;
Paré, G.; et al. Cannabis use and risk of schizophrenia: A Mendelian randomization study. Mol. Psychiatry
2018, 23, 1287–1292. [CrossRef]

75. Pasman, J.A.; Verweij, K.J.H.; Gerring, Z.; Stringer, S.; Sanchez-Roige, S.; Treur, J.L.; Abdellaoui, A.;
Nivard, M.G.; Baselmans, B.M.L.; Ong, J.S.; et al. GWAS of lifetime cannabis use reveals new risk loci,
genetic overlap with psychiatric traits, and a causal effect of schizophrenia liability. Nat. Neurosci. 2018, 21,
1161–1170. [CrossRef]

76. Öngür, D.; Lin, L.; Cohen, B.M. Clinical characteristics influencing age at onset in psychotic disorders. Compr.
Psychiatry 2009, 50, 13–19. [CrossRef]

77. Barrigón, M.L.; Gurpegui, M.; Ruiz-Veguilla, M.; Diaz, F.J.; Anguita, M.; Sarramea, F.; Cervilla, J. Temporal
relationship of first-episode non-affective psychosis with cannabis use: A clinical verification of an
epidemiological hypothesis. J. Psychiatr. Res. 2010, 44, 413–420. [CrossRef]

78. Sevy, S.; Robinson, D.G.; Napolitano, B.; Patel, R.C.; Gunduz-Bruce, H.; Miller, R.; McCormack, J.; Lorell, B.S.;
Kane, J. Are cannabis use disorders associated with an earlier age at onset of psychosis? A study in first
episode schizophrenia. Schizophr. Res. 2010, 120, 101–107. [CrossRef]

79. Schimmelmann, B.G.; Conus, P.; Cotton, S.M.; Kupferschmid, S.; Karow, A.; Schultze-Lutter, F.; McGorry, P.D.;
Lambert, M. Cannabis use disorder and age at onset of psychosis-A study in first-episode patients. Schizophr.
Res. 2011, 129, 52–56. [CrossRef]

80. Large, M.; Sharma, S.; Compton, M.T.; Slade, T.; Nielssen, O. Cannabis Use and Earlier Onset of Psychosis.
Arch. Gen. Psychiatry 2011, 68, 555. [CrossRef]

81. De Hert, M.; Wampers, M.; Jendricko, T.; Franic, T.; Vidovic, D.; De Vriendt, N.; Sweers, K.; Peuskens, J.; van
Winkel, R. Effects of cannabis use on age at onset in schizophrenia and bipolar disorder. Schizophr. Res. 2011,
126, 270–276. [CrossRef] [PubMed]

82. Dekker, N.; Meijer, J.; Koeter, M.; van den Brink, W.; van Beveren, N.; Kahn, R.S.; Linszen, D.H.; van Os, J.;
Wiersma, D.; Bruggeman, R.; et al. Age at onset of non-affective psychosis in relation to cannabis use, other
drug use and gender. Psychol. Med. 2012, 42, 1903–1911. [CrossRef] [PubMed]

83. Estrada, G.; Fatjó-Vilas, M.; Muñoz, M.J.; Pulido, G.; Miñano, M.J.; Toledo, E.; Illa, J.M.; Martín, M.;
Miralles, M.L.; Miret, S.; et al. Cannabis use and age at onset of psychosis: Further evidence of interaction
with COMT Val158Met polymorphism. Acta Psychiatr. Scand. 2011, 123, 485–492. [CrossRef] [PubMed]

http://dx.doi.org/10.2174/1871527314666150317225828
http://dx.doi.org/10.1016/j.psychres.2017.01.045
http://dx.doi.org/10.1002/brb3.850
http://dx.doi.org/10.1016/j.schres.2012.02.009
http://dx.doi.org/10.1093/schbul/sbv032
http://www.ncbi.nlm.nih.gov/pubmed/25829376
http://dx.doi.org/10.1016/j.euroneuro.2019.04.005
http://www.ncbi.nlm.nih.gov/pubmed/31076188
http://dx.doi.org/10.1017/S0033291716003172
http://www.ncbi.nlm.nih.gov/pubmed/27928975
http://dx.doi.org/10.1038/mp.2016.252
http://dx.doi.org/10.1038/s41593-018-0206-1
http://dx.doi.org/10.1016/j.comppsych.2008.06.002
http://dx.doi.org/10.1016/j.jpsychires.2009.10.004
http://dx.doi.org/10.1016/j.schres.2010.03.037
http://dx.doi.org/10.1016/j.schres.2011.03.023
http://dx.doi.org/10.1001/archgenpsychiatry.2011.5
http://dx.doi.org/10.1016/j.schres.2010.07.003
http://www.ncbi.nlm.nih.gov/pubmed/20674280
http://dx.doi.org/10.1017/S0033291712000062
http://www.ncbi.nlm.nih.gov/pubmed/22452790
http://dx.doi.org/10.1111/j.1600-0447.2010.01665.x
http://www.ncbi.nlm.nih.gov/pubmed/21231925


Brain Sci. 2020, 10, 97 16 of 17

84. Grech, A.; Camilleri, N.; Taylor, R. Cannabis use and age of admission to a psychiatric unit for first episode
of psychosis. Malta Med. J. 2012, 24, 17–20.

85. Leeson, V.C.; Harrison, I.; Ron, M.A.; Barnes, T.R.E.; Joyce, E.M. The effect of cannabis use and cognitive
reserve on age at onset and psychosis outcomes in first-episode schizophrenia. Schizophr. Bull. 2012, 38,
873–880. [CrossRef]

86. Galvez-Buccollini, J.A.; Proal, A.C.; Tomaselli, V.; Trachtenberg, M.; Coconcea, C.; Chun, J.; Manschreck, T.;
Fleming, J.; Delisi, L.E. Association between age at onset of psychosis and age at onset of cannabis use in
non-affective psychosis. Schizophr. Res. 2012, 139, 157–160. [CrossRef]

87. Allegri, F.; Belvederi Murri, M.; Paparelli, A.; Marcacci, T.; Braca, M.; Menchetti, M.; Michetti, R.; Berardi, D.;
Tarricone, I. Current cannabis use and age of psychosis onset: A gender-mediated relationship? Results from
an 8-year FEP incidence study in Bologna. Psychiatry Res. 2013, 210, 368–370. [CrossRef]

88. Stefanis, N.C.; Dragovic, M.; Power, B.D.; Jablensky, A.; Castle, D.; Morgan, V.A. Age at initiation of cannabis
use predicts age at onset of psychosis: The 7-to 8-year trend. Schizophr. Bull. 2013, 39, 251–254. [CrossRef]

89. Tosato, S.; Lasalvia, A.; Bonetto, C.; Mazzoncini, R.; Cristofalo, D.; De Santi, K.; Bertani, M.; Bissoli, S.;
Lazzarotto, L.; Marrella, G.; et al. The impact of cannabis use on age of onset and clinical characteristics
in first-episode psychotic patients. Data from the Psychosis Incident Cohort Outcome Study (PICOS). J.
Psychiatr. Res. 2013, 47, 438–444. [CrossRef]

90. Donoghue, K.; Doody, G.A.; Murray, R.M.; Jones, P.B.; Morgan, C.; Dazzan, P.; Hart, J.; Mazzoncini, R.;
Maccabe, J.H. Cannabis use, gender and age of onset of schizophrenia: Data from the ÆSOP study. Psychiatry
Res. 2014, 215, 528–532. [CrossRef]

91. O’Donoghue, B.; Lyne, J.; Madigan, K.; Lane, A.; Turner, N.; O’Callaghan, E.; Clarke, M. Environmental
factors and the age at onset in first episode psychosis. Schizophr. Res. 2015, 168, 106–112.

92. Helle, S.; Ringen, P.A.; Melle, I.; Larsen, T.K.; Gjestad, R.; Johnsen, E.; Lagerberg, T.V.; Andreassen, O.A.;
Kroken, R.A.; Joa, I.; et al. Cannabis use is associated with 3 years earlier onset of schizophrenia spectrum
disorder in a naturalistic, multi-site sample (N = 1119). Schizophr. Res. 2016, 170, 217–221. [CrossRef]
[PubMed]

93. Kantrowitz, J.T.; Nolan, K.A.; Sen, S.; Simen, A.A.; Lachman, H.M.; Bowers, M.B. Adolescent cannabis use,
psychosis and catechol-O-methyltransferase genotype in african Americans and Caucasians. Psychiatr. Q.
2009, 80, 213–218. [CrossRef] [PubMed]

94. DeRosse, P.; Kaplan, A.; Burdick, K.E.; Lencz, T.; Malhotra, A.K. Cannabis use disorders in schizophrenia:
Effects on cognition and symptoms. Schizophr. Res. 2010, 120, 95–100. [CrossRef]

95. Martin, A.K.; Robinson, G.; Reutens, D.; Mowry, B. Cannabis abuse and age at onset in schizophrenia patients
with large, rare copy number variants. Schizophr. Res. 2014, 155, 21–25. [CrossRef]

96. Auther, A.M.; McLaughlin, D.; Carrión, R.E.; Nagachandran, P.; Correll, C.U.; Cornblatt, B.A. Prospective
study of cannabis use in adolescents at clinical high risk for psychosis: Impact on conversion to psychosis
and functional outcome. Psychol. Med. 2012, 42, 2485–2497. [CrossRef]

97. Valmaggia, L.R.; Day, F.L.; Jones, C.; Bissoli, S.; Pugh, C.; Hall, D.; Bhattacharyya, S.; Howes, O.; Stone, J.;
Fusar-Poli, P.; et al. Cannabis use and transition to psychosis in people at ultra-high risk. Psychol. Med. 2014,
44, 2503–2512. [CrossRef]

98. Auther, A.M.; Cadenhead, K.S.; Carrión, R.E.; Addington, J.; Bearden, C.E.; Cannon, T.D.; McGlashan, T.H.;
Perkins, D.O.; Seidman, L.; Tsuang, M.; et al. Alcohol confounds relationship between cannabis misuse and
psychosis conversion in a high-risk sample. Acta Psychiatr. Scand. 2015, 132, 60–68. [CrossRef]

99. McHugh, M.J.; McGorry, P.D.; Yung, A.R.; Lin, A.; Wood, S.J.; Hartmann, J.A.; Nelson, B. Cannabis-induced
attenuated psychotic symptoms: Implications for prognosis in young people at ultra-high risk for psychosis.
Psychol. Med. 2017, 47, 616–626. [CrossRef]

100. Kraan, T.; Velthorst, E.; Koenders, L.; Zwaart, K.; Ising, H.K.; van den Berg, D.; de Haan, L.; van der Gaag, M.
Cannabis use and transition to psychosis in individuals at ultra-high risk: Review and meta-analysis. Psychol.
Med. 2016, 46, 673–681. [CrossRef]

101. Pries, L.K.; Lage-Castellanos, A.; Delespaul, P.; Kenis, G.; Luykx, J.J.; Lin, B.D.; Richards, A.L.; Akdede, B.;
Binbay, T.; Altinyazar, V.; et al. Estimating Exposome Score for Schizophrenia Using Predictive Modeling
Approach in Two Independent Samples: The Results From the EUGEI Study. Schizophr. Bull. 2019, 45,
960–965. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/schbul/sbq153
http://dx.doi.org/10.1016/j.schres.2012.06.007
http://dx.doi.org/10.1016/j.psychres.2013.06.010
http://dx.doi.org/10.1093/schbul/sbs188
http://dx.doi.org/10.1016/j.jpsychires.2012.11.009
http://dx.doi.org/10.1016/j.psychres.2013.12.038
http://dx.doi.org/10.1016/j.schres.2015.11.027
http://www.ncbi.nlm.nih.gov/pubmed/26682958
http://dx.doi.org/10.1007/s11126-009-9108-4
http://www.ncbi.nlm.nih.gov/pubmed/19633959
http://dx.doi.org/10.1016/j.schres.2010.04.007
http://dx.doi.org/10.1016/j.schres.2014.03.004
http://dx.doi.org/10.1017/S0033291712000803
http://dx.doi.org/10.1017/S0033291714000117
http://dx.doi.org/10.1111/acps.12382
http://dx.doi.org/10.1017/S0033291716002671
http://dx.doi.org/10.1017/S0033291715002329
http://dx.doi.org/10.1093/schbul/sbz054
http://www.ncbi.nlm.nih.gov/pubmed/31508804


Brain Sci. 2020, 10, 97 17 of 17

102. Leweke, F.M.; Piomelli, D.; Pahlisch, F.; Muhl, D.; Gerth, C.W.; Hoyer, C.; Klosterkötter, J.; Hellmich, M.;
Koethe, D. Cannabidiol enhances anandamide signaling and alleviates psychotic symptoms of schizophrenia.
Transl. Psychiatry 2012, 2, e94. [CrossRef] [PubMed]

103. McGuire, P.; Robson, P.; Cubala, W.J.; Vasile, D.; Morrison, P.D.; Barron, R.; Taylor, A.; Wright, S. Cannabidiol
(CBD) as an Adjunctive Therapy in Schizophrenia: A Multicenter Randomized Controlled Trial. Am. J.
Psychiatry 2018, 175, 225–231. [CrossRef] [PubMed]

104. Bhattacharyya, S.; Atakan, Z.; Martin-Santos, R.; Crippa, J.A.; Kambeitz, J.; Prata, D.; Williams, S.; Brammer, M.;
Collier, D.A.; McGuire, P.K. Preliminary report of biological basis of sensitivity to the effects of cannabis on
psychosis: AKT1 and DAT1 genotype modulates the effects of δ-9-tetrahydrocannabinol on midbrain and
striatal function. Mol. Psychiatry 2012, 17, 1152–1155. [CrossRef]

105. Vaessen, T.S.J.; de Jong, L.; Schäfer, A.T.; Damen, T.; Uittenboogaard, A.; Krolinski, P.; Nwosu, C.V.;
Pinckaers, F.M.E.; Rotee, I.L.M.; Smeets, A.P.W.; et al. The interaction between cannabis use and the
Val158Met polymorphism of the COMT gene in psychosis: A transdiagnostic meta-analysis. PLoS ONE 2018,
13, e0192658. [CrossRef]

106. Radua, J.; Ramella-Cravaro, V.; Ioannidis, J.P.A.; Reichenberg, A.; Phiphopthatsanee, N.; Amir, T.; Yenn
Thoo, H.; Oliver, D.; Davies, C.; Morgan, C.; et al. What causes psychosis? An umbrella review of risk and
protective factors. World Psychiatry 2018, 17, 49–66. [CrossRef]

107. Assary, E.; Vincent, J.P.; Keers, R.; Pluess, M. Gene-environment interaction and psychiatric disorders: Review
and future directions. Semin. Cell Dev. Biol. 2018, 77, 133–143. [CrossRef]

108. Schizophrenia Working Group of the Psychiatric Genomics Consortium. Biological insights from 108
schizophrenia-associated genetic loci. Nature 2014, 511, 421–427. [CrossRef]

109. Belsky, D.W.; Harden, K.P. Phenotypic Annotation: Using Polygenic Scores to Translate Discoveries From
Genome-Wide Association Studies From the Top Down. Curr. Dir. Psychol. Sci. 2019, 28, 82–90. [CrossRef]

110. Baudin, G.; Godin, O.; Lajnef, M.; Aouizerate, B.; Berna, F.; Brunel, L.; Capdevielle, D.; Chereau, I.; Dorey, J.M.;
Dubertret, C.; et al. Differential effects of childhood trauma and cannabis use disorders in patients suffering
from schizophrenia. Schizophr. Res. 2016, 175, 161–167. [CrossRef]

111. Harley, M.; Kelleher, I.; Clarke, M.; Lynch, F.; Arseneault, L.; Connor, D.; Fitzpatrick, C.; Cannon, M. Cannabis
use and childhood trauma interact additively to increase the risk of psychotic symptoms in adolescence.
Psychol. Med. 2010, 40, 1627–1634. [CrossRef] [PubMed]

112. Vinkers, C.H.; Van Gastel, W.A.; Schubart, C.D.; Van Eijk, K.R.; Luykx, J.J.; Van Winkel, R.; Joëls, M.;
Ophoff, R.A.; Boks, M.P.; Genetic Risk and OUtcome of Psychosis (GROUP) Investigators; et al. The effect of
childhood maltreatment and cannabis use on adult psychotic symptoms is modified by the COMT Val158Met
polymorphism. Schizophr. Res. 2013, 150, 303–311. [CrossRef] [PubMed]

113. Gurillo, P.; Jauhar, S.; Murray, R.M.; MacCabe, J.H. Does tobacco use cause psychosis? Systematic review
and meta-analysis. Lancet Psychiatry 2015, 2, 718–725. [CrossRef]

114. Casajuana Kögel, C.; Balcells-Olivero, M.M.; López-Pelayo, H.; Miquel, L.; Teixidó, L.; Colom, J.; Nutt, D.J.;
Rehm, J.; Gual, A. The Standard Joint Unit. Drug Alcohol. Depend. 2017, 176, 109–116. [CrossRef]

115. Freeman, T.P.; Lorenzetti, V. ‘Standard THC units’: A proposal to standardize dose across all cannabis
products and methods of administration. Addiction 2019, in press. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1038/tp.2012.15
http://www.ncbi.nlm.nih.gov/pubmed/22832859
http://dx.doi.org/10.1176/appi.ajp.2017.17030325
http://www.ncbi.nlm.nih.gov/pubmed/29241357
http://dx.doi.org/10.1038/mp.2011.187
http://dx.doi.org/10.1371/journal.pone.0192658
http://dx.doi.org/10.1002/wps.20490
http://dx.doi.org/10.1016/j.semcdb.2017.10.016
http://dx.doi.org/10.1038/nature13595
http://dx.doi.org/10.1177/0963721418807729
http://dx.doi.org/10.1016/j.schres.2016.04.042
http://dx.doi.org/10.1017/S0033291709991966
http://www.ncbi.nlm.nih.gov/pubmed/19995476
http://dx.doi.org/10.1016/j.schres.2013.07.020
http://www.ncbi.nlm.nih.gov/pubmed/23954148
http://dx.doi.org/10.1016/S2215-0366(15)00152-2
http://dx.doi.org/10.1016/j.drugalcdep.2017.03.010
http://dx.doi.org/10.1111/add.14842
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Literature Search and Selection Procedures 
	Selection Criteria 
	Statistical Outcome Measures 

	Results 
	Cannabis Use and the Development of Psychotic Disorders 
	Patterns of Cannabis Use 
	Age of Onset of Cannabis Use 
	Type of Cannabis Used 
	Genetics 

	Cannabis Use and the Age of Onset of Psychosis 
	Cannabis Use and the Transition to Psychosis in CHR Subjects 

	Discussion 
	References

