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Background. Cannabis use shows a robust dose-dependent relationship with psychosis risk among the general popula-
tion. Despite this, it has been difficult to link cannabis use with risk for transitioning to a psychotic disorder among indi-
viduals at ultra-high risk (UHR) for psychosis. The present study examined UHR transition risk as a function of cannabis
use characteristics which vary substantially between individuals including age of first use, cannabis abuse severity and a
history of cannabis-induced attenuated psychotic symptoms (APS).

Method. Participants were 190 UHR individuals (76 males) recruited at entry to treatment between 2000 and 2006. They
completed a comprehensive baseline assessment including a survey of cannabis use characteristics during the period of
heaviest use. Outcome was transition to a psychotic disorder, with mean time to follow-up of 5.0 years (range 2.4–8.7
years).

Results. A history of cannabis abuse was reported in 58% of the sample. Of these, 26% reported a history of cannabis-
induced APS. These individuals were 4.90 (95% confidence interval 1.93–12.44) times more likely to transition to a psych-
otic disorder (p = 0.001). Greater severity of cannabis abuse also predicted transition to psychosis (p = 0.036). However,
this effect was mediated by higher abuse severity among individuals with a history of cannabis-induced APS.

Conclusions. Findings suggest that cannabis use poses risk in a subpopulation of UHR individuals who manifest
cannabis-induced APS. Whether this reflects underlying genetic vulnerability requires further study. Nevertheless,
findings reveal an important early marker of risk with potentially significant prognostic utility for UHR individuals.
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Introduction

Cannabis and psychosis share a long and at times con-
tentious history (Warnock, 1903; Talbot & Teague,
1969; Semple et al. 2005; Addington et al. 2014). It is
well documented that cannabis use can result in transi-
ent attenuated (subthreshold) psychotic symptoms in
non-psychotic individuals (D’Souza et al. 2009;
Kuepper et al. 2011) as well as an increased risk of
developing a psychotic disorder within the general
population (Moore et al. 2007). Cannabis-induced tran-
sient attenuated psychotic symptoms (APS) arise in 20–

50% of users and typically last no more than a few
hours (D’Souza et al. 2009). Adolescent cannabis use
has also been associated with persistent APS many
years after ceasing use in non-psychotic individuals
(Kuepper et al. 2011). Risk of developing a psychotic
disorder also increases in a dose-dependent manner
with regular cannabis use, a pattern now demonstrated
across multiple prospective population-based studies
(Moore et al. 2007). In these studies, any use (v. non-
use) increases risk 1.4-fold, and heavy use (e.g. daily
use) 2.1 times that of non-users (Moore et al. 2007).

Given that cannabis use significantly heightens risk
for psychosis within the general population, it might
be expected that use would be particularly hazardous
for young people already at ultra-high risk (UHR) for
developing a psychotic disorder. To be considered
UHR for psychosis an individual must meet a set of
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standard criteria developed and now widely used to
prospectively identify individuals possibly in the
psychosis prodrome (Yung et al. 1996, 2003, 2004).
Briefly, individuals must evidence a functional decline
or chronic low functioning1† and meet one or more of
the three following criteria: (1) in the past 12 months,
the presence of attenuated (subthreshold) positive
psychotic symptoms; (2) in the past 12 months, the
presence of brief limited intermittent psychotic symp-
toms (frank psychotic symptoms which resolve quickly
without treatment); (3) genetic vulnerability based on
schizotypal personality disorder or a first-degree rela-
tive with a psychotic disorder.

To date, eight of nine studies comparing UHR indi-
viduals with a history of cannabis use with those who
have never used found no relationship between canna-
bis use and transition to psychosis (Phillips et al. 2002;
Kristensen & Cadenhead, 2007; Corcoran et al. 2008;
Dragt et al. 2010, 2012; Korver et al. 2010; Auther
et al. 2012; Buchy et al. 2014; Valmaggia et al. 2014).
While simply using cannabis (v. never using) does
not appear to pose a robust risk in UHR populations,
recent evidence suggests that factors such as a younger
age of first use, heavier use and more potent doses of
cannabis may predict both higher transition rates
among those at UHR (Valmaggia et al. 2014) as well
as an earlier age of psychosis onset among individuals
who do transition (Decoster et al. 2011; Di Forti et al.
2014).

In short, while prospective general population-based
studies have consistently observed an inflated risk of
psychosis among cannabis users, cannabis use does
not appear to increase the risk of transitioning to a
psychotic disorder among UHR individuals. However,
where studies have examined age of first use and sever-
ity of cannabis exposure, a relationship begins to
emerge. Given that up to 55% of young people at
UHR for psychosis report a history of cannabis use
(Addington et al. 2014), it is critical that we fully under-
stand the nature of the risk that cannabis use poses. The
present study aimed to address this by replicating and
extending earlier efforts (Valmaggia et al. 2014) to inves-
tigate how characteristics of cannabis use relate to tran-
sition risk in UHR populations. In addition to age of
first use and use frequency, we examined a novel meas-
ure of severity of cannabis abuse as well as history of
cannabis-induced APS as predictors of transition risk.
Based on previous studies, it was hypothesized that
simply having a history of cannabis use (v. no history
of use) would not predict transition to psychosis.
Instead, we expected that risk of transition to a psych-
otic disorder in UHR individuals would be significantly

related to heavier cannabis use, an earlier age of first
use, greater severity of cannabis abuse and a history
of experiencing APS while using cannabis.

Method

Participants

Participants in the present study were recruited from
the Personal Assessment and Crisis Evaluation (PACE)
clinic, Melbourne Australia, between September 2000
and May 2006 and were a subcohort of the larger
PACE 400 long-term follow-up study reported previ-
ously (Nelson et al. 2013; Donoghue et al. 2015). PACE
is a specialized clinic for individuals at UHR for psych-
osis. At the time of recruitment, referral to PACE was
restricted to individuals aged 14–30 years residing in
the Northwestern Melbourne Metropolitan area. For
inclusion in the present study individuals were required
to meet at least one of the following UHR criteria: (a)
presence of APS within the past 12 months; (b) history
of brief self-limited psychotic symptoms which spon-
taneously resolve, within the past 12 months; (c) pre-
sumed genetic vulnerability to a psychotic disorder
plus recent deterioration or chronic low functioning
(for complete operationalized criteria, see Yung et al.
(2004). Individuals were excluded if they had a known
history of psychotic or manic episodes (treated or
untreated); medical conditions that would present risk
in the present study or account for symptoms (e.g. epi-
lepsy); a lifetime antipsychotic dose of 15 mg or greater
of haloperidol (or equivalent); previous or current use of
mood-stabilizing medications; intelligence quotient less
than 70; pregnant or lactating or insufficient English lan-
guage proficiency to permit participation or treatment
without interpreter.

All individuals referred to PACE during the recruit-
ment period (n = 1428) were assessed against the above
criteria, and 464 (32.5%) were deemed eligible for the
study. Of these, 115 agreed to randomization in one
of three treatment groups: cognitive therapy plus ris-
peridone; cognitive therapy plus placebo; or support-
ive therapy plus placebo. The details and outcomes
of this treatment trial have been reported previously
(Phillips et al. 2009; McGorry et al. 2013). An additional
78 individuals refused randomization, but agreed to
assessment and follow-up in the present study, the
remaining eligible PACE clients (n = 271, 19.0% of all
PACE referrals) declined participation in the present
study.

Measures

UHR status was established using the Comprehensive
Assessment of At-Risk Mental States (CAARMS) and
the Global Assessment of Functioning method (Yung† The notes appear after the main text.
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et al. 2005). Duration of symptoms prior to contact with
the PACE clinic was also assessed with the CAARMS.
The CAARMS is administered as a semi-structured
interview assessing intensity, conviction, frequency
and duration of various mental health symptoms
using well-defined anchor points (Yung et al. 2005). It
demonstrates good to excellent inter-rater reliability
and concurrent validity with other methods of detect-
ing UHR status (Yung et al. 2005).

Substance use history at baseline was assessed in a
semi-structured interview with the Substance Use
Questionnaire (SUQ), a measure used in previous
PACE research (Phillips et al. 2002). The SUQ includes
21 items (see online Supplementary Table S1) which
characterize cannabis use during the heaviest period
of use and during the past month. For the present
study several variables were derived from this meas-
ure: lifetime history of cannabis use (dichotomous);
age of first use; age of heaviest use; frequency of use
during period of heaviest use; and history of
cannabis-induced APS during period of heaviest use
(dichotomous). Additionally, we created a ‘severity of
cannabis abuse’ variable derived from six items asses-
sing the following characteristics during the period of
heaviest use: frequency of use, subjective need for can-
nabis, impaired capacity to control use, impaired cap-
acity to stop use, social problems and risk-taking
behaviour associated with use. Individual cannabis
abuse severity scores ranged from 0 to 16, with higher
scores reflecting greater severity of cannabis abuse and
non-users coded as 0. Scores on this measure are sign-
ificantly related to the presence and absence of current
or past Diagnostic and Statistical Manual of Mental
Disorders, 4th edition (DSM-IV) substance abuse/
dependence. See online Supplementary material for
further details on SUQ administration and validation.

Transition status at follow-up was assessed either
using the CAARMS, or, where CAARMS data were
not available, through state public mental health
records, as per previous research (Nelson et al. 2013).
Transition to a psychotic disorder was defined as one
full positive psychotic symptom daily for 1 week or
longer.

Procedures

Baseline assessments were conducted prior to treatment
commencement and involved a battery of self-report
and interviewer-administered measures including the
CAARMS, SUQ and demographic information reported
here. Full details of follow-up procedures for this cohort
have been reported elsewhere (Nelson et al. 2013).
Briefly, procedures involved employing a tracking sys-
tem (Henry et al. 2007) to locate and invite participants
to a face-to-face interview. Where face-to-face interviews

were not possible participants were invited to complete
a brief telephone or written assessment. Mean time to
follow-up in the present study was 5.0 years (range
2.4–8.7 years). Three participants did not complete the
SUQ, resulting in a final sample size of n = 190.

Statistical analyses

All analyses were conducted using IBM SPSS version
22.0 (USA) and R version 3.2.1 (R Core Team, 2013).
Cox regression survival analyses were conducted to
assess the relationship between cannabis use character-
istics and time to transition to a psychotic disorder.
Time to transition was defined as time from date of
baseline assessment to date of transition to a psychotic
disorder as defined above or date of last known non-
psychotic status for those who did not transition or
had deceased. Differences in demographic, baseline
functioning and treatment group characteristics
between individuals with and without a history of can-
nabis use were assessed with independent t tests for
differences between means and χ2 tests for differences
between frequencies. Where differences between indi-
viduals with and without a history of cannabis abuse
emerged, survival analyses were repeated controlling
for these factors.

Results

Sample characteristics

Of the 190 UHR individuals in the present study,
110 (57.9%) reported a history of cannabis use.
Characteristics of individuals with and without a his-
tory of cannabis use are summarized in Table 1. As illu-
strated, individuals with a history of cannabis use were
older and more likely have a history of other illicit sub-
stance use and heavy alcohol use and report daily nico-
tine use at baseline compared with individuals without
a history of use. There was also a difference in the dis-
tribution across treatment groups, with relatively more
individuals with a history of cannabis use randomized
to supportive therapy plus placebo medication. No
other differences were observed.

Cannabis use and transition to a psychotic disorder

Of the participants, 28 (14.7%) were known to have
transitioned to a psychotic disorder by follow-up. Of
these, 13 (46.4%) met criteria for schizophrenia, 11
(39.3%) for a psychotic disorder not otherwise spe-
cified, one (3.5%) for delusional disorder, and one
(3.5%) for substance-induced psychotic disorder. A
specific diagnosis was not available for two of the 28
transitioned cases. As summarized in Table 2, lifetime
history of cannabis use (v. never using) did not predict
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transition to a psychotic disorder in this sample.
Transition was also unrelated to age of first use and
frequency of use. By contrast, greater severity of canna-
bis abuse was associated with a greater risk of

transitioning to a psychotic disorder [hazard ratio
(HR) = 1.09, 95% confidence interval (CI) 1.00–1.17,
p = 0.038]. This effect indicates that transition risk
increases by 9% for every one-point increase in

Table 1. Demographic and clinical characteristics of UHR individuals with and without a history of cannabis use

History of
cannabis
use (n = 110)

No history of
cannabis use
(n = 80)

Test
statistic p n

Mean age at baseline, years (S.D.) 19.36 (3.00) 18.44 (2.73) t188 = 2.19 0.03 190
Gender, n (%)
Male 48 (43.6) 28 (35.0) χ21 = 1.44 0.23 190
Female 62 (56.4) 52 (65.0)

Education level at baseline, n (%)
4Year 10 54 (49.1) 43 (53.8) χ21 = 0.498 0.78 190
Year 11/12 33 (30.0) 23 (28.7)
Tertiary 23 (20.9) 14 (17.5)

History of other illicit substance usea, n (%) 67 (60.9) 10 (12.5) χ21 = 45.03 0.00 190
Daily smoking (nicotine) at baseline, n (%) 80 (72.7) 13 (16.3) χ21 = 59.12 0.00 190
History of heavy alcohol useb, n (%) 80 (72.7) 20 (25.0) χ21 = 42.32 0.00 190
Mean GAF (S.D.) 55.87 (8.99) 56.41 (8.53) t188 =−0.42 0.68 190
Treatment type, n (%)
CT + risperidone 27 (24.5) 16 (20.0) χ21 = 7.64 0.05 190
CT + placebo 21 (19.1) 22 (27.5)
ST + placebo 22 (20.0) 6 (7.5)
Monitoring 40 (36.4) 36 (45.0)

Mean duration of symptoms prior to contact with PACE clinic,
days (S.D.)

325.55 (423.25) 278.36 (377.44) t180 = 0.51 0.609 182

UHR, Ultra-high risk; S.D., standard deviation; GAF, Global Assessment of Functioning; CT, cognitive therapy; ST, supportive
therapy; PACE, Personal Assessment and Crisis Evaluation.

a Includes: opioids, sedatives, stimulants, hallucinogens, volatile substances.
b Defined as more than two standard drinks per day on average or more than five standard drinks in a single session on

average during the heaviest period of alcohol use.

Table 2. Descriptive statistics and Cox regression models describing association between cannabis use characteristics and transition to a
psychotic disorder in UHR individuals

Did not transition to
psychosis (n = 162)

Transitioned to
psychosis (n = 28)

Hazards ratio (95%
confidence interval) p n

History of cannabis use, n (%) 92 (56.8) 18 (64.3) 1.41 (0.65–3.05) 0.387 190
Severity of cannabis use
Mean, median (range) 3.19, 1.70 (0–15.05) 5.04, 1.70 (0–15.14) 1.09 (1.00–1.17) 0.038 188

Mean age at first use, years (S.D.) 15.13 (2.29) 14.83 (2.18) 0.97 (0.79–1.19) 0.744 110
Frequency of use, %
Daily 44.4 61.1 1.14 (0.81–1.61) 0.45 108
3–4 times per week 10.0 5.6
1–2 times per week 20.0 5.6
Once per month 16.7 22.2
Less than once per month 8.9 5.6

Attenuated psychotic symptoms
associated with cannabis use –
users only, n (%)

15 (16.5) 10 (55.6) 4.90 (1.93–12.44) 0.001 110

UHR, Ultra-high risk; S.D., standard deviation.
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cannabis abuse severity. This effect remained signifi-
cant after controlling for age at baseline, treatment
group, history of other illicit substance use, history of
heavy alcohol use and daily nicotine use at baseline
(adjusted HR = 1.17, 95% CI 1.04–1.31, p = 0.008).
History of other illicit substance use, history of heavy
alcohol use and daily nicotine use at baseline were
unrelated to transition to a psychotic disorder in this
model (all p values >0.245).

Of the 110 individuals reporting a history of canna-
bis use, 25 (22.9%) also reported a history of
cannabis-induced APS. These individuals were at
4.90 times (95% CI 1.93–12.45, p = 0.001) greater risk
of transitioning to a psychotic disorder than indivi-
duals with a history of cannabis use without
cannabis-induced APS. They were also at 3.96 (95%
CI 1.64–9.51) times greater risk of transitioning to a
psychotic disorder than individuals who had never
used cannabis (p = 0.002). Transition risk did not sign-
ificantly differ between individuals who had never
used cannabis and those with a history of cannabis
use without cannabis-induced APS (p = 0.602). The
effects of cannabis-induced APS and severity of canna-
bis use on transition risk also survived a conservative
Bonferroni correction for multiple comparisons (i.e.
pcorrected = 0.01). Differences in transition risk as a func-
tion of history of cannabis-induced APS are summar-
ized in the survival curves presented in Fig. 1.

Cannabis-induced APS: sample characteristics

In an effort to identify factors which may account for the
relationship between transition risk and history of

cannabis-induced APS we conducted a series of
exploratory post-hoc analyses comparing the following
three groups: individuals with a history of
cannabis-induced APS; individuals with a history of
cannabis use but no associated psychotic symptoms;
individuals who have never used cannabis. As illu-
strated in Table 3, individuals with a history of
cannabis-induced APS reported greater intensity of
positive psychotic symptoms at treatment entry
(derived from baseline CAARMS assessment) relative
to individuals who used cannabis without associated
psychotic symptoms (p = 0.009) as well as those with
no history of cannabis use (p = 0.03). They also had a
younger age of first use, were more likely to report
daily cannabis use during their period of heaviest use,
more likely to report daily nicotine use at baseline and
scored higher on severity of cannabis abuse.
Importantly, history of cannabis-induced APS remained
a significant predictor of transition after controlling for
severity of cannabis abuse, age of first cannabis use,
daily nicotine use and intensity of positive symptoms
(adjusted HR = 3.75, 95% CI 1.14–12.38, p = 0.03).
Additionally, the period during which cannabis-
induced APS were reported preceded symptom onset
(i.e. those symptoms not acutely related to cannabis
use) by at least 1 year in 60% of individuals. This further
illustrates that positive symptom intensity at treatment
onset cannot account for the relationship between tran-
sition risk and a history of cannabis-induced APS.

Finally, Fig. 2 summarizes results of a post-hoc medi-
ation analysis (Lange et al. 2012; Rochon et al. 2014) test-
ing history of cannabis-induced APS as a mediator of
the relationship between severity of cannabis abuse
and transition risk. As illustrated, having a history of
cannabis-induced APS fully mediates the relationship
between severity of cannabis abuse and transition risk.
Here, the total effect of severity of cannabis abuse on
transition to a psychotic disorder is decomposed into
a non-significant direct effect of severity of cannabis
abuse (HR = 1.14, 95% CI 0.84–1.26), and a significant
indirect effect mediated by history of cannabis-induced
APS (HR = 1.06, 95% CI 1.01–1.22). This indirect,
mediated effect accounted for 33% of the total effect of
severity of cannabis abuse on transition risk.

Discussion

A history of cannabis-induced APS in UHR individuals
dramatically increases the risk of transitioning to a
psychotic disorder. In the present study, 40% of indivi-
duals with a history of cannabis-induced APS devel-
oped a psychotic disorder at follow-up, in contrast to
9.5% of individuals with a history of cannabis use
without cannabis-induced APS and 12.5% of indivi-
duals who had never used cannabis. These findings

Fig. 1. Cumulative survival distribution functions modelling
time to transition to a psychotic disorder as a function of
lifetime cannabis use and history of cannabis-induced
attenuated psychotic symptoms (n = 190).
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Table 3. Sample characteristics as a function of history of attenuated psychotic symptoms while using cannabis

Never used
cannabis
(n = 80)

No psychotic
symptoms with
cannabis use (n = 85)

Attenuated psychotic
symptoms with
cannabis use (n = 25) Test statistic p n

Mean GAF (S.D.) 56.41 (8.53) 56.86 (8.78) 52.52 (9.07) F187,2 = 2.43 0.09 190
Mean duration of symptoms prior to contact with PACE clinic, days (S.D.) 278.36 (377.44) 313.35 (428.34) 365.08 (412.33) F180,2 = 0.52 0.63 183
Severity of cannabis abuse
Mean, median (range) N.A. 5.30, 4.30 (1.0–15.05) 8.43, 8.39 (0–15.14) t106 = 3.59 0.001 108

Mean age at first use, years (S.D.) N.A. 15.42 (2.27) 13.92 (1.87) t107 =−3.02 0.003 110
Proportion reporting daily use during period of heaviest cannabis use, n (%) N.A. 34 (41.0) 17 (68.0) χ21 = 5.64 0.02 108
History of other illicit substance usea, n (%) N.A. 50 (58.8) 17 (68.0) χ21 = 0.58 0.41 110
Daily smoking (nicotine) at baseline, n (%) N.A. 57 (67.1) 23 (92.0) χ21 = 5.75 0.014 110
History of heavy alcohol useb, n (%) N.A. 60 (70.6) 20 (80.0) χ21 = 0.863 0.353 110
Mean intensity of positive psychotic symptoms: CAARMS (S.D.) 7.91 (3.17) 7.62 (2.80) 9.68 (3.16) F187,2 = 4.60 0.01 190
Mean frequency of positive psychotic symptoms: CAARMS (S.D.) 7.81 (3.20) 7.97 (2.97) 8.36 (3.15) F187,2 = 0.30 0.74 190
Age of heaviest use preceded symptom onset by at least 1 year, n (%) N.A. 57 (72.2) 15 (60.0) χ21 = 1.32 0.25 104

GAF, Global Assessment of Functioning; S.D., standard deviation; PACE, Personal Assessment and Crisis Evaluation; N.A., not applicable; CAARMS, Comprehensive Assessment of
At-Risk Mental States.

a Includes: opioids, sedatives, stimulants, hallucinogens, volatile substances.
b Defined as more than two standard drinks per day on average or more than five standard drinks in a single session on average during the heaviest period of alcohol use.
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suggest that cannabis use interacts with some third
unknown factor or set of factors among a subpopula-
tion of UHR individuals to elevate transition risk,
and that this risk phenotype manifests in cannabis-
induced APS. Alternatively, cannabis use could simply
unmask a transition risk phenotype that would mani-
fest with or without cannabis use.

While this latter explanation cannot be ruled out,
there is growing evidence that risk posed by cannabis
use may arise from an interaction with underlying gen-
etic vulnerability factors. Several studies have demon-
strated that cannabis use interacts with genes that alter
dopaminergic neurotransmission to elevate risk for
psychosis (Caspi et al. 2005; Di Forti et al. 2012;
Colizzi et al. 2015). In particular, carriers of alleles
that increase striatal dopamine release and/or reduce
prefrontal dopaminergic function are at 2–11 times
greater risk of developing a psychotic disorder than
non-carriers (Caspi et al. 2005; Di Forti et al. 2012;
Colizzi et al. 2015). Δ−9-Tetrahydrocannabinol
(Δ9-THC), the active component of cannabis, also
acts to increase phasic dopamine firing at the striatum
and reduce prefrontal dopaminergic function, which
may, in turn, further enhance striatal dopaminergic
transmission (Kuepper et al. 2010). Enhanced phasic
dopamine firing at the striatum is also implicated in
the salience model of psychosis (Kapur et al. 2005).
This model proposes that psychosis, in particular posi-
tive psychotic symptoms, may arise from aberrant
attribution of salience to otherwise non-salient events
and stimuli due to excessive phasic dopamine firing
(Kapur et al. 2005). In the present study, a history of
cannabis-induced APS was associated with more
intense positive psychotic symptoms at treatment
entry, an observation consistent with this dopamine-
driven salience attribution model.

The above evidence raises an interesting and import-
ant question for future research. Specifically, do
cannabis-induced APS, and in turn, elevated transition
risk, arise from the intersection of Δ9-THC and genetic
factors on striatal dopaminergic function, possibly pro-
ducing a state of striatal hyperdopaminergia (Kuepper
et al. 2010)? Although there is evidence of elevated pre-
synaptic striatal dopamine function among individuals
at UHR for psychosis (Howes et al. 2011; Egerton et al.
2013), no studies have directly linked this to cannabis
use or an interaction between cannabis use and under-
lying genetic factors. Recently, a study examining pre-
synaptic dopamine functioning in non-psychotic canna-
bis users with a history of cannabis-induced APS found
reduced striatal dopamine function relative to a group
of non-users (Bloomfield et al. 2014). However, this
study did not include a comparison group of users
without a history of cannabis-induced APS, suggesting
that any differences in striatal function may have been
due to chronic cannabis use (van Hell et al. 2010) rather
than the presence of cannabis-induced APS per se. In
short, future research is needed to identify the mechan-
ism(s) underlying cannabis-induced APS in UHR indi-
viduals and the possible link to genetic factors which
modulate dopamine functioning.

Individuals in our study who reported cannabis-
induced APS also evidenced heavier and more prob-
lematic cannabis use. Given that these individuals
were also at greater risk of transitioning to a psychotic
disorder, our findings are partially consistent with pre-
vious studies linking heavier use and more potent
doses of cannabis to higher transition rates among
those at UHR for psychosis (Valmaggia et al. 2014)
and an earlier age of psychosis onset among indivi-
duals who do transition (Decoster et al. 2011; Di Forti
et al. 2014). Importantly, the relationship between
cannabis-induced APS and transition risk could not
be accounted for by differences in severity of cannabis
abuse. Instead, we found the reverse: history of
cannabis-induced APS fully mediated the relationship
between severity of cannabis abuse and transition
risk. In other words, severity of cannabis abuse only
confers risk for transition to a psychotic disorder
because of enhanced cannabis abuse severity among
individuals with a history of cannabis-induced APS.
These findings could indicate that heavier and more
problematic cannabis use increases the risk of experien-
cing cannabis-induced APS which in turn elevates
transition risk. However, they could also simply
reflect a tendency for individuals who experience
cannabis-induced APS to engage in heavier and more
problematic cannabis use. Indeed, recent evidence
points to the possibility of shared genetic vulnerability
predisposing to both cannabis use and psychosis
(Power et al. 2014).

Fig. 2. Mediation model illustrating history of
cannabis-induced attenuated psychotic symptoms (APS) as a
mediator of the relationship between severity of cannabis
abuse and transition to a psychotic disorder (n = 109). Note:
Paths predicting transition to a psychotic disorder were
tested with the Cox regression model. Values indicate
hazard ratios (HR) for these predictors. The path from
severity of cannabis abuse to history of cannabis-induced
APS was tested as a binary logistic regression model with
the value indicating the HR. All models included age at
baseline, treatment group, history of other illicit substance
use, daily nicotine smoking and history of heavy alcohol
use as covariates. ns, Not significant; ** p < 0.01.
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Individuals with a history of cannabis-induced APS
also reported a younger age of first use than individuals
with a history of cannabis use but no associated psych-
otic symptoms. Indeed, 88% of individuals with a his-
tory of cannabis-induced APS had an age of first use of
15 years or under, compared with 56% of individuals
without a history of cannabis-induced APS. This
finding accords with evidence that adolescence may be
a particularly high-risk period for a gene × cannabis
use interaction (Caspi et al. 2005). Caspi et al. (2005)
found that adolescent- but not adult-onset cannabis
use interacted with a genetic risk allele associated with
reduced prefrontal dopaminergic function and indir-
ectly enhanced mesolimbic dopamine function to sub-
stantially elevate risk for psychosis.

Finally, although nicotine was not a focus of the
present study, it is notable that we found no association
between daily nicotine use and transition to a psychotic
disorder. This contrasts with recent meta-analytic find-
ings showing a significant positive association between
nicotine use and psychosis risk (Gurillo et al. 2015). We
did find that individuals with a history of cannabis-
induced APS were more likely to be daily smokers at
baseline, but their smoking history did not account for
their increased transition risk.

Limitations

Some limitations of the present study should be noted.
First, a recent study comparing self-reported drug use
in UHR individuals with urine drug screens revealed
both over- and under-reporting of cannabis use
(Carol & Mittal, 2014). This raises concern regarding
the validity of self-reported cannabis use in the present
study, especially where individuals were recalling pat-
terns and characteristics of use from several years
prior. However, it should be noted that an earlier
study in a population of individuals with co-morbid
cannabis use disorder and psychosis found self-
reported cannabis use to be highly reliable when vali-
dated against biological measures of cannabis use
(Hjorthøj et al. 2012). Second, we did not assess
potency of cannabis used or number of years using
cannabis. Our assessment of cannabis use exposure
was limited to the frequency of use during the period
of heaviest use. It is therefore possible that we failed
to capture important variance in exposure to cannabis
which may be independently linked to transition risk
(Valmaggia et al. 2014). Third, we note that many a
priori and post-hoc group comparisons were conducted
without correction for multiple comparisons (i.e.
Tables 1 and 3). While we acknowledge that this
approach inflates the possibility of a type 1 error, our
purpose in conducting these unadjusted comparisons
was to identify and control for confounding factors

which may account for our key findings (i.e. Table 2),
and control for these where necessary.

Finally, we have argued that in a subsample of indi-
viduals, cannabis use may either lead to, or unmask,
risk for psychosis. However, it is important to consider
the possibility that cannabis-induced APS are simply a
correlate of underlying symptoms which drive canna-
bis use and ultimately transition risk. Although we
cannot completely rule out this possibility, we have
shown that in roughly 60% of individuals who report
cannabis-induced APS, the period during which
these cannabis-induced APS occurred preceded the
onset of symptoms that ultimately led to engagement
with clinical services (i.e. symptoms that occur inde-
pendent of cannabis use) by at least 1 year. We also
show that the relationship between cannabis-induced
APS and transition risk remains significant after con-
trolling for the intensity of positive psychotic symp-
toms at treatment entry. Together these findings
support the direction of relationship reported here,
that cannabis use leads to, or unmasks transition risk,
rather than transition risk manifesting in early symp-
toms that drive cannabis use.

Conclusions

The present findings reveal important insight into the
risk posed by cannabis use for individuals at UHR
for psychosis. Our findings suggest that cannabis use
only poses risk for a subgroup of UHR individuals
who also manifest cannabis-induced APS. This pattern
resembles previous evidence that psychosis risk is ele-
vated only in cannabis users who also carry genetic
alleles that enhance (either directly or indirectly) stri-
atal dopaminergic function (Caspi et al. 2005; Di Forti
et al. 2012; Colizzi et al. 2015). Future studies are
needed to determine whether the presence of
cannabis-induced APS reflects the same or similar
underlying genetic vulnerability. Such research could
have two significant implications. First, it could pro-
vide a means of screening for UHR individuals for
whom cannabis use poses the greatest risk prior to can-
nabis exposure. Second, for UHR individuals with a
history of cannabis use, screening for a history of
cannabis-induced APS may provide a simple proxy
measure of underlying genetic vulnerability and, in
turn, an important prognostic tool.

The present findings raise several additional direc-
tions for future research. First, we show some evidence
that severity of cannabis abuse and earlier age of use
onset may increase the likelihood of experiencing
cannabis-induced APS. Whether these are true effects,
rather than simply a propensity of a vulnerable sub-
group to engage in earlier, heavier and more problem-
atic use, needs to be established. Additionally, it will
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be important to determine whether risk posed by an
earlier age of use onset and severity of abuse remain
contingent on a third unknown (possibly genetic) fac-
tor. Future studies should also establish whether a his-
tory of cannabis-induced APS presents risk for
individuals not otherwise deemed at UHR for psych-
osis. Finally, research and clinical services for UHR
populations should take care to consider cannabis-
induced APS as a marker of risk, rather than a confound
to assessing clinically significant APS.

Supplementary material

The supplementary material for this article can be
found at https://doi.org/10.1017/S0033291716002671
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