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Objective: Numerous studies have found a robust association between
cannabis use and the onset of psychosis. Nevertheless, the relationship
between cannabis use and the onset of early (or, in retrospect,
prodromal) symptoms of psychosis remains unclear. The study focused
on investigating the relationship between cannabis use and early and
high-risk symptoms in subjects at clinical high risk for psychosis.
Method: Prospective multicenter, naturalistic field study with an
18-month follow-up period in 245 help-seeking individuals clinically at
high risk. The Composite International Diagnostic Interview was
used to assess their cannabis use. Age at onset of high risk or certain
early symptoms was assessed retrospectively with the Interview for the
Retrospective Assessment of the Onset of Schizophrenia.
Results: Younger age at onset of cannabis use or a cannabis use
disorder was significantly related to younger age at onset of six
symptoms (0.33 < rs < 0.83, 0.004 < P < 0.001). Onset of cannabis
use preceded symptoms in most participants.
Conclusion: Our results provide support that cannabis use plays an
important role in the development of psychosis in vulnerable
individuals. Cannabis use in early adolescence should be discouraged.
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Significant outcomes

• Earlier lifetime cannabis use or cannabis use disorder onset age is associated with earlier appearance
of a range of symptoms in individuals at clinical high risk of psychosis.

• Onset of cannabis use preceded symptoms in most participants.
• Cannabis use did not predict future transition to psychosis.
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Introduction

Despite the large body of literature on cannabis and
psychosis, their relation is not an exclusive one.
Retrospective first-episode psychosis studies found
that cannabis use precedes the onset of first positive
symptoms of schizophrenia (1–3), and that preonset
cannabis use may hasten the onset of psychotic as
well as prodromal symptoms – the more so the
earlier consumption starts (4). These findings were
later corroborated by prospective studies that report
a robust association between cannabis use and the
onset of psychosis (5–9), prodromal or psychotic-
like symptoms (10–12), and in non-clinical dimen-
sions of psychosis, respectively (13). While these
studies suggest that age at onset of cannabis use
plays an important role in the development of
psychosis, studies investigating the causality and the
direction of causality of the relationship between
cannabis use and psychosis led to inconsistent
results. Thus, the question remains whether canna-
bis use precedes prodromal symptoms (and possibly
increases prodromal symptoms) or if it is a conse-
quence of prodromal symptoms (suggesting a self-
medication strategy). Different hypotheses on cau-
sality have been formulated. In earlier research,
other factors related to schizophrenia, such as male
gender, worse socioeconomic status, better premor-
bid childhood social adjustment, were found to be
associated with cannabis use in first-episode schizo-
phrenia patients (14).
Previous studies describe that transient delusions

as well as hallucinations and other clinical symp-
toms were repeatedly reported by cannabis users,
with anxiety and panic reactions, depersonaliza-
tion, derealization, and depression being particu-
larly frequent (15–20). Furthermore, tiredness, low
motivation, social withdrawal, and several effects
on cognition were reported (17, 18). All of these
symptoms, however, have also been frequently
reported to occur within the prodrome of first-
episode psychosis (21). The present study addresses
the relationship between cannabis and developing
psychosis in a 18-month follow-up study of a large
European population of clinical high risk (CHR)
individuals (22, 23). We investigated the time-

related relationship between cannabis use and non-
psychotic symptoms potentially prodromal for
psychosis. Thereby, we focused on symptoms,
frequently reported as both prodromal symptoms
of psychosis and as psychopathological effects of
cannabis use.

Aims of the study

The aims of this study, therefore, were to investi-
gate whether i) onset of cannabis use or a cannabis
use disorder at a younger age relates to onset of the
selected symptoms at a younger age and whether
ii), in case of such a relationship, cannabis use
precedes the onset of these symptoms. Further-
more, the particular effect of cannabis use on
transition to psychosis was investigated.

Material and methods

Recruitment

Between August 2002 and April 2006, data were
collected from 245 help-seeking patients (age
16–35) who met �ultra-high risk� (UHR) and ⁄or
�cognitive disturbances� (COGDIS) criteria and
agreed to participate in the European Prediction
of Psychosis Study, EPOS (22, 23). EPOS is a
European collaboration of six centers in four
countries: Germany, Finland, the Netherlands,
and England. Referrals to the early detection
services originated from a range of sources includ-
ing psychiatrists, psychologists, GPs, outreach
clinics, counselling services, and teachers or was
self-initiated.
Inclusion criteria comprised of UHR criteria as

assessed by the �Structured Interview for Prodro-
mal Syndromes� (SIPS 3.0) (24) and COGDIS as
assessed by the �Bonn Scale for the Assessment of
Basic Symptoms – Prediction List� (BSABS-P), an
abbreviated version of the �Schizophrenia Prone-
ness Instrument, Adult version� (SPI-A) (25).
The UHR approach consists of three alternative

criteria:

i) Attenuated psychotic symptoms defined by at
least one of the following symptoms with SIPS

Limitations

• It is clear that more definitive conclusions require larger samples.
• The study was limited by the retrospective nature of the information regarding onset of high-risk

symptoms assessed with the Interview for the Retrospective Assessment of the Onset of
Schizophrenia (IRAOS).

• Assessment of cannabis use was based solely on participants report.
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score �moderate� to �severe but not psychotic�
(3–5), appearing several times per week for
at least 1 week within the last 3 months:
unusual thought content ⁄delusional ideas, sus-
piciousness ⁄persecutory ideas, grandiosity,
perceptual abnormalities ⁄hallucinations, dis-
organized communication, and odd behav-
iour ⁄appearance;

ii) Brief limited intermittent psychotic symptoms
defined by hallucinations, delusions, or formal
thought disorders occurring within the last
3 months and resolving spontaneously within
1 week scoring �severe and psychotic� (6) on
the SIPS and achieving at least �moderate�
score on the respective item of the Positive and
Negative Syndrome Scale for Schizophrenia
(26);

iii) Genetic risk and functional deterioration
defined by a 30% or greater reduction in the
Global Assessment of Functioning Scale,
modified version (GAF-M) (27, 28), as
compared to the highest level of previous
functioning for at least 1 month within the
previous year in combination with a first- or
second-degree relative with a history of any
DSM-IV psychotic disorder (29) or a DSM-IV
schizotypal personality disorder of the index
person.

Cognitive disturbances requires the presence of
at least two of nine cognitive basic symptoms (BS)
of at least �moderate� severity (‡3) during the last
3 months and, independent of severity, first occur-
rence at least 1 year before intake: inability to
divide attention, thought interference, pressure,
and blockage, disturbances of receptive and of
expressive speech, disturbance of abstract thinking,
unstable ideas of reference, captivation of attention
by details of the visual field.
Exclusion criteria were i) a low verbal IQ

(IQ < 85); ii) past or present psychotic episode
lasting longer than 1 week, i.e., fulfilling DSM-IV
criteria of a Brief Psychotic Episode for at least
7 days consecutive, assessed by the �Structured
Clinical Interview for DSM-IV, (SCID)� (29); and
iii) symptoms relevant for inclusion arising from a
known general medical disorder or drugs or
alcohol dependency. Subjects who used cannabis
were asked whether they had a period of symptoms
in which they did not use cannabis; if not, they
were asked to stop using for 2 weeks to see if
symptoms continued. If a significant reduction or
even full remission was observed, the at-risk
symptom in question would not be considered an
expression of a CHR state, while it would be
considered one, if the symptom remained or even

increased in severity. Participants were not
included in the study if the at-risk symptoms
remitted when cannabis use was ceased.
Subjects who used hard drugs (e.g., cocaine,

heroin, XTC, speed, and magic mushrooms) were
excluded. On account of the naturalistic design of
the present study, antipsychotic medication was
not considered an exclusion criterion.
The mean observation period of the study was

431.3 days (SD, 10.9 days; median, 548.0 days);
outcome at month 18 was known for 183 partic-
ipants. At that time, 37 subjects had developed
psychosis; none was diagnosed as substance-related
psychosis (23). The instantaneous incidence rate of
transition to psychosis after 6, 9, 12, and
18 months was 7%, 11%, 14%, and 19%, respec-
tively (22). The mean time to transition from
baseline examination was 496.8 days [SE, 8.5 days;
95% confidence interval (CI), 480.2–513.6] (23).
The investigation was carried out in accordance

with the latest version of the Declaration of
Helsinki. The study design was approved by the
Research and Ethical Governance Committees of
all participating centers. After complete descrip-
tion of the study to the subjects, written informed
consent was obtained.

Instruments

The Composite International Diagnostic Interview
(CIDI) was used to collect data on cannabis use in
the UHR group. The CIDI is a comprehensive,
fully standardized, instrument for assessment of
mental disorders according to the definitions and
criteria of DSM-IV. Good reliability and validity
of the CIDI have been reported (30). To account
for the reported dose–response relationship, sub-
jects with lifetime cannabis use (LC) and subjects
with a cannabis use disorder were analyzed sepa-
rately. LC was defined as ever having used more
than five times. Cannabis use disorders (CD), i.e.,
cannabis abuse or dependence, were assessed
according to DSM-IV criteria.
The �Interview for the Retrospective Assessment

of the Onset of Schizophrenia, IRAOS� assesses
early signs and prodromal symptoms and docu-
ments time of first occurrence, presence, and course
of symptoms with sufficient reliability (31). IRAOS
allows a detailed and valid qualitative description of
the onset and early course of the disease including
prodromal, specific, and non-specific symptoms.
Nine early and high-risk symptoms were employed
for statistical analyses based on previous research
findings examining cannabis use and mental health
(15–20): anxiety, avoiding contact, depersonaliza-
tion, depressed mood, derealization, impairment of
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memory, weakness of thinking and concentration,
persecutory ideas, and hallucinations (in any
modality). While the first seven symptoms are
rather unspecific early signs, the last two are part
of the UHR criteria and thus considered as CHR
symptoms. For example, the symptom weakness of
focussed thinking is assessed with the following
question: �Were you (the patient) ever so distracted
that you were unable to follow your own thoughts
or aim your thoughts on a specific point in time?�
The symptom avoiding contact is assessed with the
following questions: �Have you (the patient) ever
withdrawn from contact or did you avoid contact
with others? Were you distrustful to others in
general?�
Premorbid adjustment was assessed with the

Premorbid Adjustment Scale (PAS) (32). We only
used the childhood (up through age 11) PAS scores
for the analyses to capture premorbid functioning
before the onset of substance use disorders and
psychosis. One subject with LC before age 11 was
excluded from premorbid adjustment analyses. The
childhood PAS includes two items for social
adjustment and two items for academic adjustment.
Each item is scored from 0 (good adjustment) to 6
(poor adjustment). Ratings for �Sociability and
Withdrawal� and �Peer Relationships� were aver-
aged to obtain a composite measure of social
adjustment, and �Scholastic performance� and
�Adaptation to School� were averaged to obtain a
measure of academic adjustment.

Procedure

Following referral to one of the participating early
detection centers, patients were routinely inter-
viewed by a psychiatrist and ⁄or a psychologist for
EPOS intake and exclusion criteria. If eligible, the
patient was informed about EPOS and asked to
sign informed consent. At EPOS baseline (22), the
complete SIPS, BSABS-P, and SCID-I as well as
IRAOS and CIDI drug modules were conducted
among other scales. Participants were followed up
with the same scales for 18 months with a follow-
up assessment every 9 months (22, 23).

Statistical analysis

Data were analyzed employing the Statistical
Package for the Social Sciences (SPSS 16.0,
Chicago, IL, USA). Cannabis users and non-
users were compared with respect to age, gender,
family history of psychosis, positive symptoms,
negative symptoms, global functioning, and cog-
nitive basic symptoms. T test and chi-square
statistics for continuous and categorical variables,

respectively, were used. For ordinal data (e.g.,
SIPS and BSABS items), a non-parametric alter-
native (Mann–Whitney U test) was used.
For our main hypothesis, we employed Spear-

man�s Rho correlation coefficients to test for
non-parametric correlations; the LC and CD
groups were considered separately. The variables
gender, PAS social adjustment, PAS academic
adjustment, and alcohol use disorder were intro-
duced as covariates in the model, because the
variables may be confounding factors.
We corrected for multiple comparisons with the

Bonferroni technique that set the critical alpha
level at a = 0.006.
Differences in reported IRAOS symptoms and

age at onset of symptoms between the cannabis
using and non-cannabis using groups were com-
pared. For this analysis, we used a one-sample
t test with a test value of zero to test significance of
the mean differences in years between the onset of
the symptom and the onset of cannabis use.
We investigated the chronology symptoms and

onset of LC and CD for all subjects using cannabis
in two different ways. First, by using a t test for
paired samples comparing mean age at onset of
cannabis use and mean age at onset of symptoms.
Second, we divided LC subjects and CD subjects in
three groups with onset of cannabis use earlier than
the symptom, in the same year as the symptom or
later than the symptom. We used a chi-square
goodness-of-fit test to indicate whether significant
difference was present in the proportion of LC
subjects and CD subjects in the three groups,
compared to the assumption that all groups are
equal. This assumption was made based on previ-
ous research (2, 3).
The role of cannabis use on transition to

psychosis was investigated with a Kaplan–Meier
survival analysis, using log-rank test for group
comparisons, for which P-values of <0.05 were
considered significant.

Results

General characteristics

Complete baseline data of relevant instruments
were available for 242 of the 245 participants in
EPOS. The CHR group was divided into cannabis
users (LC) and non-cannabis users (see Fig. 1). Of
the 242 participants, 102 (42.0%) had used canna-
bis more than five times during their life. Of these
102 LC subjects, 75 participants (73.5%) had used
cannabis in the past year prior to baseline, 26
participants (25.5%) even in the month preceding
baseline. The mean age at onset of cannabis use
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was 17.3 years (range 9–30, SD 3.5). Of the 243
participants, 45 (18.4%) were diagnosed with a
cannabis use disorder (CD). The mean age at onset
of cannabis dependence or abuse was 17.9 years
(range 14–26, SD 3.0), and 86.7% of these subjects
were male.
Of the LC group, 68.6% were male compared to

49.3% of the non-users (v2 = 8.3; df = 1, P =
0.004, u = )0.193). In addition, LC showed a
slightly higher total of the SIPS positive symptoms
that did not reach statistical significance. Thus,
except for gender, LC subjects and non-users were
comparable in terms of demographics and clinical
variables (Table 1).

Medication prescription

Of the 243 participants 114 did not use medication
at baseline, 32 used antipsychotics, 46 used antide-
pressants, and 22 had a combination of antide-
pressants and antipsychotics. There was no
significant differences in medication prescription
between cannabis users and non-users (v2 = 6.4;
df = 4, P = 0.17).

Transition rate

Of the 37 transited participants, 15 (40.5%)
reported LC. There was no significant relationship
between cannabis use and transition to psychosis
(log-rank test v2 = 1.37, P = 0.24) or between a
diagnosis of a cannabis use disorder and transition
to psychosis (log-rank test v2 = 0.58, P = 0.45).

Age at onset of symptoms and LC or CD

Table 2 shows correlations between age at onset of
each symptom and age at onset of LC.

After adjustment for potential confounders
(gender, PAS social adjustment, PAS childhood
adjustment, and alcohol use disorder), younger age
at onset of LC was significantly related to younger
age at onset of the symptoms anxiety, avoiding
contact, depressed mood, derealization, and weak-
ness of thinking and concentration.
Additionally, after adjustment for potential

confounders, younger age at onset of CD was
significantly related to younger age at onset of
the symptoms anxiety (rs = 0.70, P £ 0.0005,

245 CHR subjects included 

102 life time cannabis users (LC) 

                  143 no cannabis use

                    57 no diagnosis  

45 diagnosed with cannabis use disorder (CD) 

Fig. 1. Flowchart EPOS.

Table 1. Baseline comparison of cannabis users and non-users (if not otherwise
indicated mean and SD are given)

Characteristic
Users (LC)
(n = 102)

Non-users
(n = 141)

General characteristics
Age 22.9 (4.3) 22.3 (5.7)
Sex (% male)* 68.6 49.3
Family history of psychosis (%) 21.9 18.1
Social adjustment (PAS) 3.3 (2.9) 2.9 (2.7)
Academic adjustment (PAS) 3.6 (2.4) 3.2 (2.3)
Alcohol use disorder (%)** 48.0 18.6

Baseline symptomatology
SIPS positive symptoms 10.3 (4.7) 9.1 (4.1)
Unusual thought content ⁄ delusional ideas 3.2 (1.7) 3.0 (1.7)
Suspiciousness ⁄ persecutory ideas 2.7 (1.6) 2.4 (1.7)
Grandiose ideas 0.7 (1.2) 0.6 (1.2)
Perceptual abnormalities ⁄ hallucinations 2.5 (1.5) 2.2 (1.6)
Disorganized communication 1.3 (1.3) 1.0 (1.4)
SIPS negative symptoms 11.7 (6.4) 11.8 (6.7)
Global functioning (GAF) current 51.3 (11.6) 50.8 (11.8)
Global functioning (GAF) highest past year 65.1 (14.3) 65.5 (13.8)
COGDIS (total of the nine items) 12.4 (6.9) 10.9 (7.8)

PAS, premorbid adjustment scale, childhood section; COGDIS, cognitive
disturbances; LC, lifetime cannabis use; SIPS, structured interview for prodromal
syndromes.
*Significant (P = 0.004), **Significant (P = 0.0001).

Table 2. Correlation between age at onset of symptoms and age at onset
of lifetime cannabis use (LC)

Symptom n (%)

Statistics
Adjusted

statistics**

rs P rs P

Anxiety 65 (63.7) 0.55 <0.0005* 0.48 <0.0005*
Avoiding contact 65 (63.7) 0.37 0.002* 0.39 0.002*
Depersonalization 20 (19.6) 0.57 0.008 0.55 0.029
Depressed mood 83 (81.4) 0.33 0.003* 0.32 0.004*
Derealization 35 (34.3) 0.58 <0.0005* 0.67 <0.0005*
Impairment of memory 24 (23.5) 0.57 0.003* 0.53 0.017
Weakness of thinking

and concentration
72 (70.6) 0.51 <0.0005* 0.44 <0.0005*

Hallucinations 23 (22.5) 0.47 0.022 0.48 0.039
Persecutory ideas 8 (7.8) 0.55 0.156 0.41 0.425

rs = spearman correlation coefficient.
*Correlation is significant at the 0.006 level (two-tailed).
**Adjusted for potential confounders: gender, PAS social adjustment, PAS
academic adjustment, and alcohol use disorder.
PAS, premorbid adjustment scale.
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n = 34), avoiding contact (rs = 0.58, P = 0.002,
n = 31), impairment of memory (rs = 0.84,
P = 0.001, n = 16), and weakness of thinking
and concentration (rs = 0.57, P = 0.001,
n = 34). Effects were more pronounced in subjects
with a cannabis use disorder.

Chronology of the symptoms

The mean age at onset of LC was younger than the
mean age at onset of the symptoms (Table 3). The
comparison of group means shows the general
trends. In order to clarify the temporal order in
individual cases, we looked at percentage of
subjects with onset of LC before, within the same
year, and after onset of the selected symptoms. In
support of group analyses, most subjects reported
an earlier onset of cannabis use compared to
symptom onset (Table 4).

Discussion

Our main finding is that earlier age at onset of
cannabis use is associated with earlier appearance

of a range of symptoms in cannabis using individ-
uals at CHR of psychosis. In our sample of CHR
subjects, the association we found could not be
attributed to gender, premorbid social adjustment,
premorbid academic adjustment, and alcohol use
disorder. The most robust associations were found
between age at onset of cannabis use and age at
onset of the symptoms anxiety, derealization, and
weakness of thinking and concentration. Our
results are consistent with previous reports on
associations between cannabis use and these symp-
toms (15, 16, 18).
Secondly, our results indicated that most partic-

ipants started using cannabis prior to the appear-
ance of the examined nine symptoms. These
findings are different from the results reported by
Hambrecht and Häfner (3). In a group of first-
episode schizophrenia patients, they differentiated
three, equally large, groups of patients, with onset
of substance abuse before, during, and after the
onset of first (prodromal) symptom of schizophre-
nia as defined by the IRAOS. However, they did
find that onset of first negative symptom and first
positive symptom was after onset of substance
abuse.
No differences were found between demographic

and clinical characteristics of cannabis users and
non-users at baseline, as well as for transition rates
to psychosis. These findings are consistent with
previous research in the CHR population (33–35)
except for one study that reported an increased
1-year transition rateof cannabis abusers inanUHR
sample (36). Recently, in a large sample of 291 CHR
subjects, a history of any substance abuse (irrespec-
tive of type of substance) was found to contribute
uniquely to the prediction of psychosis (37).
In summary, our findings suggest that in a

cannabis using CHR subsample, cannabis use at an
earlier age is associated with onset of at least some
early and CHR symptoms at an earlier age and
that onset of cannabis use precedes the onset of
these symptoms in most cases. This is in concor-
dance with a number of studies that found a dose–
response relationship between cannabis use and
psychosis, with findings suggesting that cannabis
use at a younger age predicts psychotic develop-
ment later in life (9, 12, 38). However, psychotic
symptoms in those who had never used cannabis
before the onset of psychotic symptoms also
predicted future cannabis use (39).
The relationship between age at onset of canna-

bis use and early and CHR symptoms may be
explained in several ways. Firstly, it could be that
cannabis use and the selected symptoms share a
common underlying factor such as shared envi-
ronmental exposure and ⁄or genetic risk factors.

Table 3. Comparison of mean ages at onset of cannabis use (CU) and symptoms in
clinical high risk subjects with lifetime cannabis use (LC)

Symptom
Mean age € SD

(years) CU
Mean age € SD
(years) symptom n P t

Anxiety 17.7 € 3.8 18.9 € 5.9 65 0.072 1.83
Avoiding contact 17.4 € 3.8 19.3 € 5.9* 65 0.010 2.67
Depersonalization 16.4 € 3.6 17.9 € 4.9 20 0.12 1.65
Depressed mood 17.3 € 3.2 18.9 € 4.6** 83 0.003 3.06
Derealization 16.4 € 3.5 19.3 € 4.8** 35 <0.0005 4.82
Impairment of memory 16.9 € 3.4 19.9 € 4.3** 24 0.002 3.58
Weakness of thinking

and concentration
17.6 € 3.7 19.9 € 5.2** 72 <0.0005 3.96

Hallucinations 16.0 € 2.3 19.6 € 3.8** 23 <0.0005 4.90
Persecutory ideas 18.4 € 3.2 22.9 € 3.9* 8 0.019 3.02

*P < 0.05, **P < 0.006.

Table 4. Percentage of lifetime cannabis users (LC) with onset of cannabis use
�earlier than,� �in the same year as,� or �later than� onset of symptom

Symptom

Earlier
than

symptom

In same
year as

symptom
Later than
symptom n P v2

Anxiety 61.2** 13.4 25.4 65 <0.0005 22.3
Avoiding contact 61.8** 10.3 27.9 65 <0.0005 27.2
Depersonalization 60.0* 25.0 15.0 20 0.035 6.7
Depressed mood 57.5** 14.9 27.6 83 <0.0005 25.5
Derealization 63.0** 10.8 16.2 35 <0.0005 26.5
Impairment of memory 80.0** 12.0 8.0 24 <0.0005 22.8
Weakness of thinking

and concentration
67.1** 13.2 19.7 72 <0.0005 39.6

Hallucinations 73.9** 21.7 4.3 23 <0.0005 18.1
Persecutory ideas 90.0* 0 10.0 8 0.034 4.5

*P < 0.05, **P < 0.006.
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This could be interpreted as a coincidental associ-
ation of two discrete psychiatric disorders that
peak during the same developmental stage.
Alternatively, there could be a gene–environment
interaction which suggests that a role of some
genes is to influences vulnerability to environmen-
tal pathogens (in this case; cannabis use). This
hypothesis is supported by findings of Caspi et al.
(40) that suggest such an interaction of a functional
polymorphism in the catechol-O-methyltransferase
gene with adolescent cannabis use (i.e., if subjects
had used cannabis before age 15 or if they were at
least monthly cannabis users by age 18) on
developing adult psychosis (i.e., measured at age
26). This was replicated in further research (41) and
suggests that age is a crucial mediator in the effect
of cannabis on psychosis, which was also reflected
in our results.
A second explanation could be that there is a

bi-directional and partial causal relationship. The
development of early symptoms, e.g., anxiety or
depression, could encourage the use of cannabis;
the self-medication theory. Subsequently, the can-
nabis use itself could instigate positive high-risk
symptoms, i.e., hallucinations or persecutory ideas.
It has previously been reported that patients with
psychotic disorders used cannabis mainly for affect
regulation and socialization, despite the awareness
that cannabis use exacerbates positive symptoms
(19). Thus, patients may use cannabis for reasons
of enhancing positive affect and for relief of
dysphoria and anxiety and, in consequence, pro-
voke other symptoms including positive psychotic
symptoms.
These two alternative explanations have differ-

ent implications for our understanding of the
pathophysiology of psychotic disorders and for
the possibility of intervening to prevent the onset
of psychosis. Our results seem to support the first
explanation with a hypothesis of coincidental
association of two discrete psychiatric disorders
that peak during the same developmental stage.
However, additionally, there may be a critical
developmental window during adolescence when
cannabis exposure contributes to the etiology of
schizophrenia or psychotic development. Further
research might find clear genetic markers making it
possible to screen vulnerability for a cannabis-
linked pathway to psychosis.
Our results do not support the second explana-

tion of a self-medication theory as, in the majority
of participants, cannabis use preceded not only the
onset of high-risk symptoms but also of early
symptoms such as anxiety, depressed mood, and
even avoiding contact. Moreover, our results
suggest that cannabis use precedes the onset of

all (high-risk) symptoms and possibly elicits these
symptoms in vulnerable subjects at an earlier stage.
There are limitations to this study. Firstly,

although we employed a large research sample,
the number of subjects who used cannabis and
experienced the symptoms depersonalization,
hallucinations, impairment of memory, and perse-
cutory ideas was small. To draw firmer conclu-
sions, a larger sample of cannabis users is required.
Secondly, the study was limited by the retrospec-
tive nature of the information regarding onset of
cannabis use and symptoms. Responses were
dependent on participant�s recall of the time
period that cannabis use and early as well as
CHR symptoms began. It is possible that retro-
spective reports are not reliable, although previous
studies show good reliability with retrospective
recollection (42, 43). In future studies, a larger
sample of cannabis using individuals with a CHR
state for developing psychosis would be useful to
clarify any causal relationship between cannabis
use and development of psychosis.
Although cannabis use had no direct impact on

the transition to psychosis within the 18-month
follow-up period of the present study, younger age
at onset of cannabis use was associated with
younger age at onset of the selected unspecific
early and high-risk symptoms. This finding con-
tributes to a growing awareness that cannabis use
accelerates the development of psychotic-like
symptoms. Further, it might add to their severity.
Our findings might also contribute to a better
understanding of the role cannabis use plays in the
pathways to development of psychotic disorders.
In clinical practice, young people with high-risk
symptoms of course should be strongly advised
against using cannabis. However, discouraging
cannabis use in the UHR state may be a late
stage of intervention. Universal primary preventive
approaches to psychosis focusing on cannabis use
in early adolescence as a potential risk factor might
be a difficult but more promising strategy.
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12. Miettunen J, Törmänen S, Murray GK et al. Association of
cannabis use with prodromal symptoms of psychosis in
adolescence. Br J Psychiatry 2008;192:470–471.

13. Skinner R, Conlon L, Gibbons D, Mcdonald C. Cannabis use
and nonclinical dimensions of psychosis in university stu-
dents presenting to primary care. Acta Psychiatr Scand
2011;123:21–27.

14. Sevy S, Robinson DG, Napolitano B et al. Are cannabis use
disorders associated with an earlier age at onset of psy-
chosis? A study in first episode schizophrenia. Schizophr
Res 2010;120:101–107.

15. Andreasson S, Allebeck P, Engstrom A, Rydberg U. Can-
nabis and schizophrenia a longitudinal study of Swedish
conscript. Lancet 1987;2:1483–1486.

16. Thomas H. Psychiatric symptoms in cannabis users. Br J
Psychiatry 1993;163:141–149.

17. Reilly D, Didcott R, Swift W, Hall W. Long-term cannabis
use: characteristics of users in Australian rural areas.
Addiction 1998;93:837–846.

18. Hall W, Solowij N, Lemon J. The health and psychological
consequences of cannabis use. National Drug Strategy
Monograph Series (no 25). Canberra: Australian Govern-
ment Publishing Service, 1994.

19. Peters BD, De Koning P, Dingemans P, Becker H, Linszen

DH, De Haan L. Subjective effects of cannabis before the
first psychotic episode. Aust N Z J Psychiatry 2009;43:
1155–1162.

20. Dekker N, Linszen DH, De Haan L. Reasons for cannabis
use and effects of cannabis use as reported by patients with
psychotic disorders. Psychopathology 2009;42:350–360.

21. Yung AR, Mcgorry PD. The prodromal phase of first-
episode psychosis: past and current conceptualizations.
Schizophr Bull 1996;22:353–370.

22. Klosterkötter J, Ruhrmann S, Schultze-Lutter F et al. The
European Prediction of Psychosis Study (EPOS): inte-
grating early recognition and intervention in Europe.
World Psychiatry 2005;4:161–167.

23. Ruhrmann S, Schultze-Lutter F, Salokangas RKR et al.
Prediction of psychosis in adolescents and young adults at
high risk: results from the Prospective European Prediction
of Psychosis Study (EPOS). Arch Gen Psychiatry
2010;67:241–251.

24. Mcglashan TH, Miller TJ, Woods SW, Rosen JL, Hoffman

RE, Davidson L. Structured interview for prodromal syn-
dromes (version 3.0). New Haven: PRIME Research
Clinic, Yale School of Medicine, 2001.

25. Schultze-Lutter F, Addington J, Ruhrmann S, Klosterkötter

J. Schizophrenia Proneness Instrument – Adult version
(SPI-A). Rome: Giovanni Fioriti.

26. Kay SR, Fiszbein A, Opler LA. The positive and negative
symptom scale (PANSS). Schizophr Bull 1987;13:261–276.

27. Hall RC. Global assessment of functioning. A modified
scale. Psychosomatics 1995;36:267–275.

28. Hall RC, Parks J. The modified global assessment of
functioning scale: addendum. Psychosomatics 1995;36:
416–417.

Dragt et al.

52



29. First MB, Spitzer RL, Gibbon M, Williams JBW. Structured
Clinical Interview for DSM-IV Axis I Disorders (SCID-I).
Arlington, VA, USA: American Psychiatric Publishing,
1997.

30. Andrews G, Peters L. The psychometric properties of the
Composite International Diagnostic Interview. Soc Psy-
chiatry Psychiatr Epidemiol 1998;33:80–88.
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