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Abstract

Aims—Evidence for case–control studies suggests that cannabis use is a risk factor for the 

development of psychosis. However, there have been limited prospective studies and the direction 

of this association remains controversial. The primary aim of the present study was to examine 

the association between cannabis use and the incidence of psychotic disorders in people at clinical 

high risk of psychosis. Secondary aims were to assess associations between cannabis use and the 

persistence of psychotic symptoms, and with functional outcome.

Methods—Current and previous cannabis use were assessed in individuals at clinical high 

risk of psychosis (n = 334) and healthy controls (n = 67), using a modified version of the 

Cannabis Experience Questionnaire. Participants were assessed at baseline and followed up for 

2 years. Transition to psychosis and persistence of psychotic symptoms were assessed using the 

Comprehensive Assessment of At-Risk Mental States criteria. Level of functioning at follow up 

was assessed using the Global Assessment of Functioning disability scale.

Results—During follow up, 16.2% of the clinical high-risk sample developed psychosis. Of 

those who did not become psychotic, 51.4% had persistent symptoms and 48.6% were in 

remission. There was no significant association between any measure of cannabis use at baseline 

and either transition to psychosis, the persistence of symptoms, or functional outcome.

Conclusions—These findings contrast with epidemiological data that suggest that cannabis use 

increases the risk of psychotic disorder.
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There is a considerable body of evidence linking cannabis use with an increased risk 

of developing a psychotic disorder. Cannabis use is more common in patients with 

psychosis than in the general population,1–3 and the risk may be higher if use begins in 

adolescence,4–6 is frequent,7–10 and involves cannabis with a high d-9 tetrahydrocannabinol 

(THC) content.2,6,11 However, the direction of this association remains controversial12: the 

presence of a psychotic disorder may increase the likelihood of cannabis use,13 patients with 

psychotic disorders use cannabis to relieve psychotic symptoms,14–16 and genetic factors 

that increase the likelihood of cannabis use may be more common in patients with psychosis 

than the general population.17,18 Much of the data relating cannabis use to psychosis have 

been derived from interviewing patients after they have developed a psychotic disorder.2,7,11 

These data thus reflect patients’ retrospective assessments of their premorbid cannabis use, 

and recall accuracy may be influenced by the effects of time and of the disorder.19 Only 

a few prospective studies have examined cannabis use and the incidence of psychosis in 

general population samples, although these have found some associations between cannabis 

use and the later onset of psychosis, the large scale of these studies (which involved 

thousands of participants) precluded a detailed assessment of cannabis use.5,20,21

The Clinical High-Risk (CHR) state is a clinical syndrome that typically occurs in 

adolescents and young adults. It is associated with a very high risk of developing a psychotic 

disorder, with around 19% of CHR individuals becoming psychotic within 2 years of 

presentation.22 To date, only a limited number of studies have investigated the relationship 

between cannabis use in CHR individuals and the subsequent incidence of psychosis, and 

the findings have been inconsistent. A recent meta-analysis23 did not find a significant 

difference in risk of transition to psychosis between CHR cannabis users and non-users, but 

highlighted the need to assess cannabis use in more detail. Further meta-analytical results 

suggest that while lifetime use of cannabis is not significantly associated with transition 

rates, the relative risk is greater in those with cannabis abuse or dependence, likely a marker 

for heaver cannabis use.24 Results from the few studies which have specifically measured 

frequency of cannabis use and age of first use have been mixed,25–27 with only Valmaggia et 
al.25 finding a signifi-cant association with risk of psychosis.

The primary aim of the present study was to examine the association between cannabis 

use and the incidence of psychosis in people at clinical high risk. Secondary aims were 

to assess associations between cannabis use and the persistence of psychotic symptoms, 

and with functional outcome. In a prospective design, cannabis use was comprehensively 

assessed in a large sample of CHR subjects that was then followed for 2 years to determine 

clinical outcomes. Based on the previous literature in CHR subjects, we hypothesized 

that neither current nor previous cannabis use versus non-use would be associated with 

an increased incidence of later psychosis, but that a high frequency of cannabis use, use 

before the age of 16, the use of high potency (>10% THC) cannabis strains, and current 

cannabis dependence would be. Secondary hypotheses were that cannabis use would be 
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linked with non-remittance from the CHR state (persistence of symptoms) and a poor 

functional outcome.

Methods

Recruitment of participants

Participants were recruited to a multi-centre prospective study of people at CHR 

for psychosis.28 Three hundred forty-four CHR participants meeting Comprehensive 

Assessment of At-Risk Mental States (CAARMS) criteria29 for an ultra-high risk state 

were enrolled from 11 centers in Europe, Australia and South America. Sixty-seven healthy 

controls (HCs) were recruited from four of the sites: London, Amsterdam, Den Haag, and 

Melbourne. The HC sample matched (at group level) the CHR sample in terms of age and 

gender.

Inclusion and exclusion criteria

The study guidelines recommended that participants should be 16–35 years old. While most 

of the sample (95.0%) was in this age range, a few sites included individuals who were 

slightly older (n = 3) or younger (n = 14) than this range as the local clinical services for 

CHR subjects used a slightly broader age range. Exclusion criteria were: previous diagnosis 

of a psychotic disorder, as defined by the Structural Clinical Interview for DSM Disorders30; 

exceeding the ‘Psychosis Threshold’ or ‘Antipsychotic Treatment Threshold’, defined by the 

CAARMS29; an estimated IQ < 60 as measured by the shortened WAIS31; being unwilling 

to give a blood or saliva sample for genetic analysis. In addition, CHR subjects were 

excluded if their psychotic symptoms could be explained by an organic disorder or substance 

misuse, and HC were excluded if they met CAARMS criteria for the CHR state. Written, 

informed consent was provided by all participants.

Ethics statement

The study protocol was approved by the relevant research ethics committees at each study 

site. All procedures conductive to the present work are in compliance with the ethical 

standards of the relevant national and institutional committees on human experimentation 

and with the Helsinki Declaration of 1975 as revised in 2008.

Baseline assessments

Cannabis use was assessed using a modified form of the Cannabis Experience Questionnaire 

(EU-GEICEQ).7 Participants were first asked if they had ever used cannabis. If the answer 

was yes, they were asked if they were a current or an ex-user, and to describe their typical 

pattern of use. Age at first cannabis use was estimated by the participant, with collateral 

information from informants if available. The presence of cannabis dependence in the 

year prior to baseline was assessed using DSM-IV criteria for substance dependence.32 

Participants were also asked to describe the type of cannabis that they used the most. This 

description was used by the investigators to classify the cannabis used as having either a 

high (>10%) or low (<10%) THC content, using data published by the European Monitoring 

Centre for Drugs and Drug Addiction 2016 report33 and national data reports34–52 (see 

Supplementary Materials, Table S1).
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Global functioning was assessed using the Global Assessment of Functioning (GAF) 

disability subscale.53 Use of tobacco and alcohol were recorded using the Composite 

International Diagnostic Interview.54 Use of other recreational drugs were collected using 

the EU-GEICEQ. Sociodemographic data were collected using the Medical Research Council 

Sociodemographic Schedule.55

Assessment of clinical outcomes

Participants had face-to-face assessments at baseline, 12 and 24 months. When a CHR 

individual developed psychosis, a follow-up assessment was conducted as close to psychosis 

onset as possible. The primary outcome was transition to psychosis within 2 years, defined 

according to CAARMS criteria.29 Secondary outcomes included persistence of symptoms, 

defined as still meeting CAARMS criteria for the CHR state or having transitioned to a 

psychotic disorder, and level of functioning at the latest available follow up timepoint.

Statistical analysis

CHR participants for whom there were no cannabis use data (n = 10) were excluded 

from analysis. Differences between the CHR and HC groups were assessed using either 

independent t-tests or ANOVA models for continuous data, and either Pearson’s chi squared 

test or Fisher’s exact test for categorical data.

Cannabis use variables were coded as follows: Cannabis use status – 0 = never used, 1 = 

past user, 2 = current user; Age of first cannabis use – 0 = aged 16 years or older, 1 = aged 

15 years or younger; Frequency of cannabis use – 0 = less than once weekly, 1 = more 

than once weekly/less than daily, 2 = daily; THC content of most used cannabis type – 0 

= less than 10% THC, 1 = more than 10% THC; Cannabis dependence – 0 = no cannabis 

dependence in past 12 months, 1 = cannabis dependent in past 12 months. Participants who 

had never used cannabis were excluded from the age of first use, frequency of use, THC 

content and cannabis dependence variables, such that cannabis users were compared with 

each other.

For the primary outcome, we completed survival analyses with the outcome of time to 

psychosis onset, with outcomes censored at 2 years post baseline. Kaplan–Meier survival 

curves for each cannabis predictor variable, without covariates, were inspected to assess for 

proportional hazards. Variables which met our threshold (P < 0.2) for univariate analyses 

were included in multilevel Cox regression analyses, using the coxme package for R. Site 

was included as a random effect to account for clustering. Effect sizes were quantified as 

hazard ratios (HR) and 95% confidence intervals.

For persistence of symptoms, cannabis variables which met our threshold (P < 0.2) in 

chi-square or Fisher’s exact test analyses were input into multilevel logistic regression 

models using the lme4 package for R. Site was included as a random effect. Effect sizes for 

the remission outcome were quantified as odds ratios (ORs) with 95% confidence intervals.

For functional outcome, we used Spearman Rank Correlation and t-tests with the outcome of 

GAF score at the latest follow-up assessment. Cannabis variables which met our threshold 

(P < 0.2) in univariate analyses were input into multilevel linear regression models using the 
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lme4 package for R. Time (in days) from baseline to the last GAF assessment was added 

as a covariate to account for possible deviation around the planned assessment date. Site 

was included as a random effect. To analyze the difference between the mean change scores 

of GAF from baseline to follow-up, baseline GAF score was added as a covariate to the 

multilevel models. Fixed effect parameter estimates were quantified with 95% confidence 

intervals (see Supplementary Materials for interpretation).

Potential confounders were identified from recent meta-analyses,56–58 and included age, 

gender, ethnicity, tobacco, alcohol, and other substance use. Potential confounders were 

not included as a priori defined covariates in all analyses to prevent overfitting. Instead, 

confounding variables which met our threshold (P < 0.2) in univariate analyses were 

included in sensitivity analyses. Potential confounders were added to each multilevel model 

in a forward stepwise fashion and the maximum log likelihood of the new and old models 

was compared. Confounders which significantly improved the model were retained, and the 

process was repeated with the next confounder.

All analyses were performed using R version 4.0.3 and SPSS version 25. Statistical 

significance was defined at the 0.05 level.

Results

Comparison of CHR and HC populations

At baseline, there were no differences in the age, gender, or ethnicity of the CHR and HC 

groups, but the former were more likely to use tobacco (Table 1). 9.3% of the CHR group 

were taking an antipsychotic medication. CHR participants were more likely to have ever 

used cannabis, to use cannabis frequently, and to use high potency cannabis (Table 1). When 

these comparisons were repeated after restricting the CHR sample to participants recruited 

from the sites that had also recruited HC, these findings were unchanged (Table S2).

Cannabis use and clinical outcomes

There were no socio-demographic differences between CHR participants who completed 

follow-up and those with missing follow-up data (Table S3). 248 (74.3%) of CHR 

participants had ever used cannabis, of whom 90 (26.9%) were current users at baseline. 

Cannabis users were on average older than non-users (past users +2.4 years, current users 

+2.8 years) and used more tobacco products, alcohol, and other substances. Current cannabis 

users were more likely to be male than non-users, and used more tobacco and other 

substances than past users (Table S4).

Onset of psychosis

62 (18.6%) of 334 CHR participants developed psychosis during follow up. The mean 

time to transition was 380 days (SD = 411.6), with an interquartile range of 121–496 days 

(Fig. S1). There were no significant differences in demographic or clinical features between 

subjects who did or did not subsequently develop psychosis (Table S5), save that more of the 

former were taking antipsychotic medications at baseline (HR 2.375 [95% CI: 1.185–4.758], 

P = 0.015).

Chester et al. Page 6

Psychiatry Clin Neurosci. Author manuscript; available in PMC 2024 January 29.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



In univariate survival analyses, only use of cannabis by age 15 years (HR 0.62 [95% CI: 

0.32–1.18], P = 0.142) met our threshold (P < 0.2) for inclusion in subsequent multivariate 

analyses (Table 2, Fig. 1). In an unadjusted mixed-model Cox regression analysis, which 

used site as a random effect, the association was not significant (HR = 0.61 [95% CI: 

0.32–1.17] P = 0.135). No potential confounding variables met our threshold (P < 0.2) for 

inclusion in multivariate analyses (Table S5).

Persistence of symptoms

Among subjects for whom CAARMS follow up data were available (n = 209), 137 (65.6%) 

either still met CAARMS criteria for the CHR state or had transitioned to a full-blown 

psychotic disorder, and 72 (34.4%) were in symptomatic remission. In univariate analyses, 

two cannabis use variables met our threshold (P < 0.2) for inclusion in subsequent multilevel 

analyses: use of high potency cannabis (χ2 = 3.566, P = 0.059) and cannabis dependence 

(χ2 = 3.262, P = 0.071) (Table 3). In unadjusted multilevel logistic regression models, which 

included site as a random effect, neither of these two measures was significantly associated 

with persistence of psychotic symptoms (OR 0.60 [95% CI 0.14–2.26], P = 0.459; OR 3.15 

[95% CI 1.04–11.38], P = 0.054). Three potentially confounding variables were identified 

in univariate analyses: alcohol use (t = 1.551, P = 0.123), current drug use (χ2 = 3.827, P 
= 0.050) and current drug dependence (P = 0.170, Fisher’s exact test) (Table S6). None of 

these improved the accuracy of the final multilevel models when added as covariates.

Level of functioning at follow-up

In CHR subjects for whom GAF disability data were available (n = 215), the mean score 

at final follow-up was 61.5 (SD = 14.6), with an interquartile range of 50.0–73.0. GAF 

disability score at follow-up was significantly associated with GAF disability score at 

baseline (R = 0.329 P = <0.001).

In univariate analyses, two cannabis use variables met our threshold (P < 0.2) for inclusion 

in subsequent multivariate analyses: cannabis dependence (t = 1.630 df = 136, P = 0.105) 

and frequency of cannabis use (F(2,159) = 1.861, P = 0.159). In multilevel linear regression 

models, which included time of follow-up assessment as a covariate and site as a random 

effect, the association with cannabis dependence was not significant (estimate = −5.1 [95% 

CI −11.2 to 1.1], P = 0.105). Daily use of cannabis was significantly associated with level of 

functioning at follow-up compared to less than weekly use (estimate = −5.8 [95% CI −11.0 

to −0.6], P = 0.029), and compared to less than daily use (estimate = −5.7 [95% CI −10.7 to 

−0.6], P = 0.027). However, these associations were no longer significant after adjusting for 

baseline GAF disability score (Table 4).

Three potentially confounding variables were identified in univariate analyses: age (R = 

−0.098, P = 0.153), lifetime use of other drugs (t = −1.692 df = 210, P = 0.092) and drug 

dependence within year to baseline (t = 1.728 df = 213, P = 0.085) (Table S7). Although 

adjusting for lifetime drug use improved the accuracy of the multilevel linear regression 

model for frequency of use (χ2 = 6.5771 P = 0.010), the association with functional outcome 

remained non-significant. Similarly, adjusting for lifetime drug use improved the accuracy of 
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the multilevel linear regression model for cannabis dependence (χ2 = 6.3143 P = 0.012), but 

the association with functional outcome remained non-significant (Table 4).

Discussion

Our primary hypothesis was that cannabis use in CHR subjects would be associated with an 

increased rate of later transition to psychosis. However, there was no significant association 

with any measure of cannabis use. These results are in keeping with the study by Buchy 

et al.,26 who followed 362 CHR subjects for 2 years and found no association between 

either the frequency of use, or the age at first use of cannabis and transition to psychosis. 

Conversely, Valmaggia et al.25 in a study of 182 CHR subjects reported that both frequent 

use and use before age 15 years were linked to later onset of psychosis. 52.2% of CHR 

participants in that study reported using cannabis at least once per week, compared to 32.6% 

of CHR participants who were current more-than-weekly users in the study of Buchy et al.26 

(who did not find an association between frequency of use and transition), and 47.0% of 

CHR participants using more than once weekly in the present study. Another study in 341 

CHR individuals found an association between cannabis use and transition, but this was no 

longer significant after controlling for alcohol use.42 In the present study, alcohol use did not 

significantly influence the findings. Although the total number of studies that have examined 

the link between cannabis use in CHR individuals and transition to psychosis is still modest, 

meta-analyses of data from these studies have not found a significant association.23,24,59

The lack of an association between cannabis use and psychosis onset contrasts with data 

from cross-sectional studies that have examined cannabis use in patients with a psychotic 

disorder and controls. These suggest that initiation of use at an early age,5–7 frequent use,7,10 

and the use of high-THC preparations2,7 are associated with an increased risk of psychosis. 

For example, di Forti et al. found that a greater proportion of patients with first episode 

psychosis than healthy controls had used cannabis by age 15 (FEP = 28.6% vs. HC = 

13.7%), used more than once per week (41.4% vs. 14.2%) and used cannabis with estimated 

≥ 10% THC (37.1% vs. 19.4%).7 In the present study, 49.2% of CHR participants had used 

cannabis by age 15, 47.0% used more than weekly and 76.2% used high potency cannabis. 

As well as having the risk of recall bias, associations found by these cross-sectional studies 

might be confounded by the effects of other risk factors for psychosis, such as social 

adversity, genetic risk, and use of other substances.12,60 Mendelian randomization studies, 

which can control for such effects, indicate a causal relationship between initiation of 

cannabis use and schizophrenia,13,61 although the effect of schizophrenia risk on cannabis 

initiation may be even stronger. This is consistent with a study by Power et al. which 

reported an association between genetic risk for schizophrenia and both age of initiation of 

cannabis use and the amount of cannabis consumed.62

Most CHR subjects do not develop psychosis, but these individuals may still have 

adverse clinical outcomes in the form of persistent symptoms and an impaired level of 

functioning.63,64 Our secondary hypotheses were that cannabis use would also influence 

the likelihood of these two outcomes. However, we found no evidence of significant 

associations between any cannabis measures and either outcome. Only one previous 

study,65 has examined the association between cannabis use and persistence of the CHR 
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state, and this also found no association. The small number of studies examining the 

association between cannabis use and functional outcomes in CHR subjects have produced 

mixed results. A cross-sectional study by MacHielsen et al. found no difference in GAF 

scores between CHR participants with and without a cannabis use disorder.66 In a cross-

sectional study of 731 CHR and non-CHR help-seeking individuals, Carney et al. found 

that participants who showed signs of cannabis dependence and ‘high risk’ cannabis use 

presented with lower social and occupational functioning.67 However, Auther et al. reported 

that lifetime cannabis use in 101 CHR subjects was associated with a higher level of social 

functioning at follow-up.68

The present study also compared the pattern of cannabis use in people at CHR with that 

in controls. We found that while most (74%) CHR subjects had used cannabis before, only 

around a third of cannabis users were current users at the time of presentation (compared 

to almost half of cannabis users being current users in the healthy control sample). These 

observations are consistent with data from previous studies which reported that between 

43% and 55% of CHR subjects had ever used cannabis, and between 22% and 30% were 

current users.23,25,26,67–73 This suggests that a large proportion of CHR individuals have 

stopped using cannabis before they seek clinical help. Insight is less impaired in CHR 

subjects than in patients with psychosis,74 and it is possible that many CHR subjects stop 

using cannabis because they find that it exacerbates their symptoms.25,73 It is possible that 

differences in level of insight and the pattern of use could explain differences between 

findings in studies of cannabis use and psychosis risk in CHR populations and in patients 

with psychotic disorders. For example, If CHR subjects tend to discontinue cannabis use, 

this could reduce the influence of cannabis use on the risk of psychosis in this population.75

Strengths of the present study were the large size of the CHR sample and the availability 

of detailed information on previous and current cannabis use. Although we cannot exclude 

the possibility that an association between cannabis use and transition to psychosis might 

have been evident if the follow up period had been longer than 2 years, the great majority 

of transitions occur within this time-frame.22 The present study examined the relationship 

between cannabis use and transition to psychosis in a sample of people at CHR for 

psychosis. However, the CHR population appears to be heterogenous,76 and the nature 

of the relationship between cannabis use and psychosis risk may vary between different 

subgroups. People are categorized as being at CHR for psychosis because of subthreshold 

psychotic symptoms, but the causes of these symptoms may differ between each person.77 

For example, some people at CHR might experience attenuated psychotic symptoms due to 

genetic and environmental factors other than cannabis use. In others, their symptoms may 

be related to cannabis use, even if this is not necessary or sufficient for the development 

of a psychotic disorder.77 As both these subgroups have an increased risk of psychosis, it 

may be difficult to find a difference in the incidence of psychosis when cannabis users and 

non-users within a CHR sample are compared. In addition, many of those who may be 

experiencing cannabis induced attenuated psychotic symptoms could have already stopped 

using cannabis before baseline assessment. One way to examine this theory would be to 

investigate the temporal relationship between within-subject changes in cannabis use and 

clinical outcomes.78 However, this is not possible in the present study, as follow up data 

on cannabis use were not available in 36% of the cohort. Moreover, in almost all of the 
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participants who transitioned to psychosis, the follow up assessments of cannabis use were 

made after the point of transition. As a result, it is not possible to know whether longitudinal 

changes in cannabis occurred before or after the onset of psychosis. It was thus not possible 

for us to address this issue in the present dataset. Because it was also not possible to collect 

information on clinical outcome for the entire sample, there is a risk that subjects with 

adverse clinical outcomes might have been more likely to be lost to follow up. However, 

there were no significant socio-demographic or clinical differences between those who 

completed follow-up and those who did not.

The present study did not include biological measures of cannabis and other substances, 

and future investigations could be enhanced by collecting serial urine or blood samples to 

corroborate interview data. Finally, although we examined cannabis use prior to the onset 

of psychosis, the mean age of the participants was 22 years. Our measures of cannabis use 

in childhood and adolescence were therefore retrospective and might not have been accurate 

enough to detect associations between very early use and clinical outcomes in adulthood.

Conclusions

There was no evidence that cannabis use in people at high risk for psychosis had a 

significant effect on the incidence of psychosis or other adverse clinical outcomes. These 

findings are not consistent with epidemiological data linking cannabis use to an increased 

risk of developing psychosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The European Network of National Schizophrenia Networks Studying Gene–Environment Interactions (EU-
GEI) Project is funded by grant agreement HEALTH-F2-2010-241909 (Project EU-GEI) from the European 
Community’s Seventh Framework Programme. Additional support was provided by the NIHR Maudsley 
Biomedical Research Centre, an NIHR Maudsley Biomedical Research Centre PhD studentship to LC and a 
Medical Research Council Fellowship to MK (grant MR/J008915/1). Many thanks to the EU-GEI High Risk Study 
Group for designing and implementing the study. EU-GEI collaborators and their affiliations are listed in the 
Supplementary Materials, including all non-author contributors.

References

1. Carrà G, Johnson S, Bebbington P, et al. The lifetime and past-year prevalence of dual diagnosis 
in people with schizophrenia across Europe: Findings from the European schizophrenia cohort 
(EuroSC). Eur Arch Psychiatry Clin Neurosci. 2012; 262: 607–616. [PubMed: 22427152] 

2. Di Forti M, Marconi A, Carra E, 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. [PubMed: 26359901] 

3. Koskinen J, Löhönen J, Koponen H, Isohanni M, Miettunen J. Rate of cannabis use disorders in 
clinical samples of patients with schizophrenia: A meta-analysis. Schizophr Bull. 2010; 36: 1115–
1130. [PubMed: 19386576] 

4. Casadio P, Fernandes C, Murray RM, Di Forti M. Cannabis use in young people: The risk for 
schizophrenia. Neurosci Biobehav Rev. 2011; 35: 1779–1787. [PubMed: 21530584] 

Chester et al. Page 10

Psychiatry Clin Neurosci. Author manuscript; available in PMC 2024 January 29.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



5. Arseneault L, Cannon M, Poulton R, Murray RM, Caspi A, Moffitt TE. Cannabis use in 
adolescence and risk for adult psychosis: Longitudinal prospective study. BMJ. 2002; 325: 1212–
1213. [PubMed: 12446537] 

6. Di Forti M, Sallis H, Allegri F, et al. Daily use, especially of high-potency cannabis, drives the 
earlier onset of psychosis in cannabis users. Schizophr Bull. 2014; 40: 1509–1517. [PubMed: 
24345517] 

7. Di Forti M, Quattrone D, Freeman TP, 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. [PubMed: 30902669] 

8. Compton MT, Kelley ME, Ramsay CE, et al. 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. [PubMed: 19797432] 

9. Karcher NR, Barch DM, Demers CH, et al. Genetic predisposition vs individual-specific processes 
in the association between psychotic-like experiences and cannabis use. JAMA Psychiat. 2019; 76: 
87–94. 

10. van der Steur SJ, Batalla A, Bossong MG. Factors moderating the association between cannabis 
use and psychosis risk : A systematic review. Brain Sci. 2020; 10: 1–17. 

11. Di Forti M, Morgan C, Dazzan P, et al. High-potency cannabis and the risk of psychosis. Br J 
Psychiatry. 2009; 195: 488–491. [PubMed: 19949195] 

12. Ksir C, Hart CL. Cannabis and psychosis: A critical overview of the relationship. Curr Psychiatry 
Rep. 2016; 18: 1–11. [PubMed: 26685903] 

13. Gage SH, Jones HJ, Burgess S, et al. Assessing causality in associations between cannabis use 
and schizophrenia risk: A two-sample Mendelian randomization study. Psychol Med. 2017; 47: 
971–980. [PubMed: 27928975] 

14. Khantzian EJ. The self medication hypothesis of addictive disorders: Focus on heroin and cocaine 
dependence. Am J Psychiatry. 1985; 142: 1259–1264. [PubMed: 3904487] 

15. Khantzian EJ. The self-medication hypothesis of substance use disorders: A reconsideration and 
recent applications: Harvard review of psychiatry. Harv Rev Psychiatry. 1997; 4 (5) 231–244. 
[PubMed: 9385000] 

16. Kolliakou A, Joseph C, Ismail K, Atakan Z, Murray RM. Why do patients with psychosis use 
cannabis and are they ready to change their use? Int J Dev Neurosci. 2011; 29: 335–346. [PubMed: 
21172414] 

17. Verweij KJH, Abdellaoui A, Nivard MG, et al. Short communication: Genetic association between 
schizophrenia and cannabis use. Drug Alcohol Depend. 2017; 171: 117–121. [PubMed: 28086176] 

18. Hiemstra M, Nelemans SA, Branje S, et al. Genetic vulnerability to schizophrenia is associated 
with cannabis use patterns during adolescence. Drug Alcohol Depend. 2018; 190: 143–150. 
[PubMed: 30031300] 

19. Hjorthøj CR, Hjorthøj AR, Nordentoft M. Validity of timeline follow-Back for self-reported use of 
cannabis and other illicit substances—systematic review and meta-analysis. Addict Behav. 2012; 
37: 225–233. [PubMed: 22143002] 

20. Andréasson S, Engström A, Allebeck P, Rydberg U. Cannabis and Schizophrenia a longitudinal 
study of Swedish conscripts. Lancet. 1987; 330: 1483–1486. 

21. Van Os J, Bak M, Hanssen M, Bijl RV, De Graaf R, Verdoux H. Cannabis use and psychosis: A 
longitudinal population-based study. Am J Epidemiol. 2002; 156: 319–327. [PubMed: 12181101] 

22. Salazar de Pablo G, Radua J, Pereira J, et al. Probability of transition to psychosis in individuals at 
clinical high risk: An updated meta-analysis. JAMA Psychiatry. 2021; 78: 1–9. 

23. Farris MS, Shakeel MK, Addington J. Cannabis use in individuals at clinical high-risk for 
psychosis: A comprehensive review. Soc Psychiatry Psychiatr Epidemiol. 2020; 55: 527–537. 
[PubMed: 31796983] 

24. Kraan TC, Velthorst E, Koenders L, et al. Cannabis use and transition to psychosis in individuals at 
ultra-high risk: Review and meta-analysis. Psychol Med. 2016; 46: 673–681. [PubMed: 26568030] 

25. Valmaggia LR, Day FL, Jones C, et al. Cannabis use and transition to psychosis in people at 
ultra-high risk. Psychol Med. 2014; 44: 2503–2512. [PubMed: 25055169] 

Chester et al. Page 11

Psychiatry Clin Neurosci. Author manuscript; available in PMC 2024 January 29.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



26. Buchy L, Cadenhead KS, Cannon TD, et al. Substance use in individuals at clinical high risk of 
psychosis. Psychol Med. 2015; 45: 2275–2284. [PubMed: 25727300] 

27. McHugh M, McGorry PD, Yung alison R, et al. Cannabis-induced attenuated psychotic symptoms: 
Implications for prognosis in young people at ultra-high risk for psychosis. Psychol Med. 2017; 
47: 616–626. [PubMed: 27821204] 

28. Van Os J, Rutten BP, Myin-Germeys I, et al. Identifying gene-environment interactions in 
schizophrenia: Contemporary challenges for integrated, large-scale investigations. Schizophr Bull. 
2014; 40: 729–736. [PubMed: 24860087] 

29. Yung AR, Pan Yuen H, Mcgorry PD, et al. Mapping the onset of psychosis: The comprehensive 
assessment of At-risk mental states. Aust New Zeal J Psychiatry. 2005; 39: 964–971. 

30. First, M, Spitzer, R, Gibbon, M, Williams, JB. Structured Clinical Interview for DSM-IV Axis I 
Disorders (SCID. New York State Psychiatric Institute Biometrics Research; New York, NY: 1995. 

31. Kaplan, E, Fein, D, Morris, R, Delis, DC. WAIS-R NI manual. San Antonio, TX: Psychological 
Corporation; 1991. 

32. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-
IV-TR. 4th edn. Washington, DC: American Psyciatric Association; 2000. 

33. European Monitoring Centre for Drugs and Drug Addiction. European drug report 2016: Trends 
and developments. Luxembourg: Publications Office of the European Union; 2016. 

34. De Oliveira GL, Voloch MH, Sztulman GB, Neto ON, Yonamine M. Cannabinoid contents in 
cannabis products seized in São Paulo, Brazil, 2006-2007. Forensic Toxicol. 2008; 26: 31–35. 

35. Hardwick, S, King, L. Home Office Cannabis Potency Study 2008. Home Office; 2008. 

36. SGRM. Swiss Foresnsic Chemistry Statistics THC Jul-Dec 2011. 2012. 

37. SGRM. Swiss Forensic Chemistry Statistics THC Jan–Jun 2012. 2012. 

38. SGRM. Swiss Forensic Chemistry Statistics THC Jul–Dec 2012. 2013. 

39. SGRM. Swiss Forensic Chemistry Statistics THC Jan–Jun 2013. 2013. 

40. SGRM. Swiss Forensic Chemistry Statistics THC Jul–Dec 2013. 2014. 

41. European Monitoring Centre for Drugs and Drug Addiction. Observatoire Français des Drogues et 
Des Toxicomanies.France National Report (2013 Data) to the EMCDDA 2014. 2014. 

42. OFDT (Observatoire Français des Drogues et des Toxicomaies). Drugs, Key Data 2015. Paris: 
2015. 

43. OFDT (Observatoire Français des Drogues et des Toxicomaies). Drugs, Key Data 2017. Paris: 
2017. 

44. Thomsen KR, Lindholst C, Thylstrup B, et al. Changes in the composition of cannabis 
from 2000 to 2017 in Denmark: Analysis of confiscated samples of cannabis resin. Exp Clin 
Psychopharmacol. 2019; 27: 402–411. [PubMed: 31219274] 

45. Potter DJ, Hammond K, Tuffnell S, Walker C, Di Forti M. Potency of Δ9–tetrahydrocannabinol 
and other cannabinoids in cannabis in England in 2016: Implications for public health and 
pharmacology. Drug Test Anal. 2018; 10: 628–635. [PubMed: 29441730] 

46. Swift W, Wong A, Li KM, Arnold JC, McGregor IS. Analysis of cannabis seizures in NSW, 
Australia: Cannabis potency and cannabinoid profile. PLoS One. 2013; 8: 1–9. 

47. Niesink RJM, Rigter S, Koeter MW, Brunt TM. Potency trends of Δ9-tetrahydrocannabinol, 
cannabidiol and cannabinol in cannabis in The Netherlands: 2005-15. Addiction. 2015; 110: 1941–
1950. [PubMed: 26234170] 

48. European Monitoring Centre for Drugs and Drug Addiction. Österreichisches Bundesinstitut für 
Gesundheitswesen. Austria National Report (2011 Data) to the EMCDDA 2012. 2012. 

49. European Monitoring Centre for Drugs and Drug Addiction. Österreichisches Bundesinstitut für 
Gesundheitswesen. Austria National Report (2012 Data) to the EMCDDA 2013. 2013. 

50. European Monitoring Centre for Drugs and Drug Addiction. Österreichisches Bundesinstitut für 
Gesundheitswesen. Austria National Report (2013 data) to the EMCDDA 2014. Stubenring 6, 
1010 Vienna, Austria: Gesundheit Österreich GmbH; 2014. 

51. European Monitoring Centre for Drugs and Drug Addiction. Spanish Ministry of Health and 
consumer affairs. Spain National Report (2013 Data) to the EMCDDA 2014. Madrid. 2014. 

52. SGRM. Swiss Forensic Chemistry Statistics Jan–Jun 2011. 2011. 

Chester et al. Page 12

Psychiatry Clin Neurosci. Author manuscript; available in PMC 2024 January 29.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



53. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 4th ed., 
T edn. Washington, DC: American Psychiatric Association; 2000. 34

54. Robins LN, Wing J, Wittchen HU, et al. The Composite International Diagnostic Interview: An 
epidemiologic instrument suitable for use in conjunction with different diagnostic systems and in 
different cultures. Arch Gen Psychiatry. 1988; 45: 1069–1077. [PubMed: 2848472] 

55. Mallett, R. Section of Social Psychiatry. London: Institute of Psychiatry; 1997. 

56. Oliver D, Radua J, Reichenberg A, Uher R, Fusar-Poli P. Psychosis Polyrisk score (PPS) for the 
detection of individuals At-risk and the prediction of their outcomes. Front Psychiatry. 2019; 10 

57. Fusar-Poli P, Bonoldi I, Yung AR, et al. Predicting psychosis: Meta-analysis of transition outcomes 
in individuals at high clinical risk. Arch Gen Psychiatry. 2012; 69: 220–229. [PubMed: 22393215] 

58. Radua J, Ramella-Cravaro V, Ioannidis JPA, et al. What causes psychosis? An umbrella review of 
risk and protective factors. World Psychiatry. 2018; 17: 49–66. [PubMed: 29352556] 

59. Oliver D, Reilly TJ, Boy OB, et al. What causes the onset of psychosis in individuals at clinical 
high risk? A meta-analysis of risk and protective factors. Schizophr Bull. 2020; 46: 110–120. 
[PubMed: 31219164] 

60. Gage SH, Hickman M, Zammit S. Association between cannabis and psychosis: Epidemiologic 
evidence. Biol Psychiatry. 2016; 79: 549–556. [PubMed: 26386480] 

61. Vaucher J, Keating BJ, Lasserre AM, et al. Cannabis use and risk of schizophrenia: A Mendelian 
randomization study. Mol Psychiatry. 2018; 23: 1287–1292. [PubMed: 28115737] 

62. Power RA, Verweij KJH, Zuhair M, et al. Genetic predisposition to schizophrenia associated with 
increased use of cannabis. Mol Psychiatry. 2014; 19: 1201–1204. [PubMed: 24957864] 

63. Simon AE, Borgwardt S, Riecher-Rössler A, Velthorst E, de Haan L, Fusar-Poli P. Moving 
beyond transition outcomes: Meta-analysis of remission rates in individuals at high clinical risk for 
psychosis. Psychiatry Res. 2013; 209: 266–272. [PubMed: 23871169] 

64. Cotter J, Drake RJ, Bucci S, Firth J, Edge D, Yung AR. What drives poor functioning in the at-risk 
mental state? A systematic review. Schizophr Res. 2014; 159: 267–277. [PubMed: 25261041] 

65. Simon AE, Umbricht D. High remission rates from an initial ultra-high risk state for psychosis. 
Schizophr Res. 2010; 116: 168–172. [PubMed: 19854621] 

66. MacHielsen MWJ, Van Der Sluis S, De Haan L. Cannabis use in patients with a first psychotic 
episode and subjects at ultra high risk of psychosis: Impact on psychotic- and pre-psychotic 
symptoms. Aust N Z J Psychiatry. 2010; 44: 721–728. [PubMed: 20636193] 

67. Carney R, Yung AR, Amminger GP, et al. Substance use in youth at risk for psychosis. Schizophr 
Res. 2017; 181: 23–29. [PubMed: 27590573] 

68. Auther AM, McLaughlin D, Carrión RE, Nagachandran P, Correll CU, Cornblatt BA. 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. [PubMed: 22716931] 

69. Bloemen OJN, De Koning MB, Schmitz N, et al. White-matter markers for psychosis in a 
prospective ultra-high-risk cohort. Psychol Med. 2010; 40: 1297–1304. [PubMed: 19895720] 

70. Dragt S, Nieman DH, Schultze-Lutter F, et al. Cannabis use and age at onset of symptoms in 
subjects at clinical high risk for psychosis. Acta Psychiatr Scand. 2012; 125: 45–53. [PubMed: 
21883099] 

71. Van Tricht MJ, Harmsen EC, Koelman JHTM, et al. Effects of cannabis use on event related 
potentials in subjects at ultra high risk for psychosis and healthy controls. Int J Psychophysiol. 
2013; 88: 149–156. [PubMed: 23541998] 

72. Bugra H, Studerus E, Rapp C, et al. Cannabis use and cognitive functions in at-risk mental 
state and first episode psychosis. Psychopharmacology (Berl). 2013; 230: 299–308. [PubMed: 
23756588] 

73. Russo DA, Stochl J, Painter M, Jones PB, Perez J. Substance use in people at clinical high-risk for 
psychosis. BMC Psychiatry. 2014; 14: 1–8. 

74. Lappin JM, Morgan KD, Valmaggia LR, et al. Insight in individuals with an At risk mental state. 
Schizophr Res. 2007; 90: 238–244. [PubMed: 17215109] 

75. BC Early Psychosis Intervention Program. What causes psychosis?. 2022. https://
www.earlypsychosis.ca/what-causes-psychosis/ 

Chester et al. Page 13

Psychiatry Clin Neurosci. Author manuscript; available in PMC 2024 January 29.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

https://www.earlypsychosis.ca/what-causes-psychosis/
https://www.earlypsychosis.ca/what-causes-psychosis/


76. Fusar-Poli P, Cappucciati M, Borgwardt S, et al. Heterogeneity of psychosis risk within individuals 
at clinical high risk: A meta-analytical stratification. JAMA Psychiat. 2016; 73: 113–120. 

77. Rothman KJ. Causes. Am J Epidemiol. 1976; 104: 587–592. [PubMed: 998606] 

78. Corcoran CM, Kimhy D, Stanford A, et al. Temporal association of cannabis use with symptoms 
in individuals at clinical high risk for psychosis. Schizophr Res. 2008; 106: 286–293. [PubMed: 
18809298] 

Chester et al. Page 14

Psychiatry Clin Neurosci. Author manuscript; available in PMC 2024 January 29.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 1. Kaplan-Meier survival curves showing relationship between cannabis use at baseline in 
the CHR group and transition to psychosis.
(a) Current-user/ Ex-user/Never used. (b) Age first used cannabis. (c) Cannabis frequency. 

(d) Cannabis potency. (e) Cannabis dependency. There was no significant association with 

any measure of cannabis use, including user status (current/ex-/never), age at first use, 

frequency of use (daily/weekly/less), THC content of most used cannabis type (less than 

10%/more than 10%), or cannabis dependence.
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Table 1
Demographic, clinical and cannabis use features of CHR and control groups

HC (n = 67) CHR (n = 334) P value

Age, years (SD) 22.9 (4.1) 22.4 (5.0)  0.478

Male gender   34 (50.7%)   177 (53.0%)  0.737

Ethnicity      –      –  0.305

   White 42 (62.7%) 239 (71.6%)

   Black 10 (14.9%) 33 (9.9%)

   Other 15 (22.4%) 62 (18.6%)

Taking antipsychotic medication   0 32 (10.3%)  0.010

Current tobacco use 18 (27.7%) 180 (55.4%) <0.001

Other substance use (ever) 25 (37.3%) 125 (37.5%)  0.972

Cannabis use status      –      –  0.064

   Current user 18 (26.9%) 90 (26.9%)

   Ex-user 23 (34.3%) 158 (47.3%)

   Never 26 (38.8%) 86 (25.7%)

First cannabis use ≤15 years 15 (36.6%) 117 (49.2%)  0.136

Frequency of cannabis use      –      –  0.005

   Daily 3 (7.7%) 78 (33.1%)

   More than once weekly 6 (15.4%) 33 (14.0%)

   Less than once weekly 30 (76.9%) 125 (53.0%)

High (>10%) THC content of most used cannabis 14 (43.8%) 125 (76.2%) <0.001

   type

Cannabis dependence 3 (8.6%) 36 (17.9%)  0.170

Abbreviations: CHR, clinical high risk; HC, healthy control.

Note: P values for χ2 tests. Data as mean (SD) or n (%). Significant (<0.05) P values in bold.
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Table 2
Relationship between cannabis use and time to transition to psychosis

Crude HR (95% CI) P value Fully adjusted HR (95% CI) P value

Cannabis use status

   Current user 1.04 (0.49−2.22) 0.914 – –

   Ex-user 1.14 (0.59−2.20) 0.707 – –

   Never 1 (ref.) – – –

Age first used cannabis

   ≤15 years 0.62 (0.32−1.18) 0.142 0.61 (0.32−1.17) 0.135

   >15 years 1 (ref.) – 1 (ref.) –

Frequency of cannabis use

   Daily 0.95 (0.46−1.93) 0.876 – –

   More than once weekly 1.55 (0.68−3.51) 0.297 – –

   Less than once weekly 1 (ref.) – – –

THC content of most used cannabis type

   High (>10% THC) 0.83 (0.35−1.98) 0.679 – –

   Low (<10% THC) 1 (ref.) – – –

Cannabis dependence

   Dependent 1.42 (0.41−1.42) 0.383 – –

   Not dependent 1 (ref.) – – –

Note: Crude HRs are unadjusted for confounders whereas fully adjusted HRs are adjusted for site as a random effect. Only variables with crude HR 
P < 0.2 added to adjusted, multilevel model, to reduce error from multiple testing.

Abbreviations: HR, Hazard Ratio; ref., reference category.

Psychiatry Clin Neurosci. Author manuscript; available in PMC 2024 January 29.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Chester et al. Page 18

Table 3
Relationship between cannabis use and persistence of symptoms vs. symptomatic 
remission

       CHR-R (n = 72)        CHR-NR (n = 137)        P value Fully adjusted OR 
(95% CI)

P value

Cannabis use status 0.304

   Current user 16 (22.2%) 44 (32.1%) – –

   Ex-user 37 (51.4%) 64 (46.7%) – –

   Never 19 (26.4%) 29 (21.2%) – –

Age first used cannabis 0.866

   ≤15 years 26 (49.1%) 53 (50.5%) – –

   >15 years 27 (50.9%) 52 (49.5%) – –

Frequency of cannabis use 0.245

   Daily 12 (23.5%) 39 (36.8%) – –

   More than once weekly 8 (15.7%) 15 (14.2%) – –

   Less than once weekly 31 (60.8%) 52 (49.1%) – –

THC content of most used cannabis 
type

0.059

   High (>10% THC) 36 (90.0%) 48 (75.0%) 0.60 (0.14−2.26) 0.459

   Low (<10% THC) 4 (10.0%) 16(25.0%) 1 (ref.) –

Cannabis dependence 0.071

   Dependent 5 (10.9%) 21 (23.9%) 3.150 (1.04−11.38) 0.054

   Not dependent 41 (89.1%) 67 (76.1%) 1 (ref.) –

Note: Fully adjusted ORs are adjusted for site as a random effect. Only variables with P < 0.2 in χ2 tests added to adjusted, multilevel model, to 
reduce error from multiple testing.

Abbreviations: CHR-R, clinical high risk remission subgroup; CHR-NR, clinical high risk persistent symptoms subgroup; OR, odds ratio; ref., 
reference category.
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Table 4
Relationship between cannabis use and functional outcome

GAF score at follow up 
(95% CI)

P value Crude estimate 
(95% CI)

P value Fully adjusted 
estimate (95% CI)

P value

Cannabis use status 0.346

   Current user 59.3 (55.5–63.1) – – – –

   Ex-user 62.6 (59.7–65.5) – – – –

   Never 62.0 (58.2–65.8) – – – –

Age first used cannabis 0.496

   ≤15 years 61.0 (57.4–64.5) – – – –

   >15 years 62.6 (59.6–65.5) – – – –

Frequency of cannabis use 0.159

   Daily 57.9 (53.4–62.5) –3.3 (–8.4–1.9) 0.213 –4.4 (–9.5–0.8) 0.094

   More than once weekly 62.3 (56.0–68.7) –1.2 (–7.1–4.8) 0.698 –1.2 (–7.0–4.6) 0.674

   Less than once weekly 63.1 (60.1–66.2) 0 (ref.) – 0 (ref.) –

THC content of most used 
cannabis type

0.548

   High (>10% THC) 63.2 (60.2–66.2) – – – –

   Low (<10% THC) 60.8 (51.0–70.5) – – – –

Cannabis dependence 0.105

   Dependent 57.0 (50.2–63.8) –3.5 (–9.3–2.3) 0.240 –5.3 (–11.2–0.62) 0.079

   Not dependent 62.2 (59.6–64.8) 0 (ref.) – 0 (ref.) –

Note: GAF score at follow up given as mean (95% confidence interval), where higher scores represent higher levels of functioning. Estimates 
represent difference in mean GAF scores from reference group. Crude estimates are adjusted for baseline GAF score, days from baseline to final 
GAF assessment and for site as a random effect. Fully adjusted estimates are additionally adjusted for lifetime drug use. Only variables with P 
< 0.2 in t test or ANOVA added to adjusted, multilevel models, to reduce error from multiple testing. Abbreviations: GAF, global assessment of 
functioning score; ref., reference category.
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