
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/306297608

U-shaped curve of psychosis according to cannabis use: New evidence from a

snowball sample

Article  in  Journal of Psychopharmacology · August 2016

DOI: 10.1177/0269881116660712

CITATIONS

3
READS

156

7 authors, including:

Some of the authors of this publication are also working on these related projects:

Percepción de la población española sobre la depresión View project

Social cognition and psychosis View project

Antía Brañas

Complexo Hospitalario Universitario de Ourense

7 PUBLICATIONS   30 CITATIONS   

SEE PROFILE

Maria Luisa Barrigon

Fundación Jiménez Díaz

44 PUBLICATIONS   240 CITATIONS   

SEE PROFILE

Nathalia Garrido Torres

Hospital Juan Ramón Jiménez, Huelva

9 PUBLICATIONS   6 CITATIONS   

SEE PROFILE

Salvador Perona-Garcelán

Servicio Andaluz de Salud

122 PUBLICATIONS   785 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Juan Francisco Rodríguez-Testal on 03 January 2017.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/306297608_U-shaped_curve_of_psychosis_according_to_cannabis_use_New_evidence_from_a_snowball_sample?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/306297608_U-shaped_curve_of_psychosis_according_to_cannabis_use_New_evidence_from_a_snowball_sample?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Percepcion-de-la-poblacion-espanola-sobre-la-depresion?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Social-cognition-and-psychosis?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Antia_Branas?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Antia_Branas?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Complexo_Hospitalario_Universitario_de_Ourense?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Antia_Branas?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria_Barrigon?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria_Barrigon?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Fundacion_Jimenez_Diaz?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria_Barrigon?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nathalia_Garrido_Torres?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nathalia_Garrido_Torres?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Hospital_Juan_Ramon_Jimenez_Huelva?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nathalia_Garrido_Torres?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Salvador_Perona-Garcelan?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Salvador_Perona-Garcelan?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Servicio_Andaluz_de_Salud?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Salvador_Perona-Garcelan?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Juan_Rodriguez-Testal?enrichId=rgreq-a4f55f5551f15a1cd637965b8299e2fd-XXX&enrichSource=Y292ZXJQYWdlOzMwNjI5NzYwODtBUzo0NDYzNjU0NTQwODIwNDhAMTQ4MzQzMzIyNTI4Mw%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Journal of Psychopharmacology
2016, Vol. 30(12) 1331 –1338

© The Author(s) 2016
Reprints and permissions: 
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/0269881116660712
jop.sagepub.com

Introduction
Cannabis use has been associated with an increased risk of psy-
chotic disorders (Andréasson et al., 1987; Arseneault et al., 
2002). The risk of cannabis users for developing a psychotic dis-
order is over 2.76 times that of non-cannabis users (Van Os et al., 
2002) and there is a greater effect when cannabis use starts earlier 
(Arseneault et al., 2002; Stefanis et al., 2004). Cannabis use has 
also been related to having a poor prognosis (Arseneault, 2004; 
Van Os et al., 2002) and a lower age of onset of psychosis 
(Barrigón et al., 2010; González-Pinto et al., 2008).

Cannabis use is relatively common in the general population. 
According to the 2014 European Drug Report (European Monitor 
Centre for Drugs and Drug Addiction, 2014), cannabis is the ille-
gal drug that is most used in Europe, where 11.2% of young 
adults 15–34 years of age used cannabis last year, with those of 
male gender doing so more frequently.

Most previous studies describe a linear trend in positive and 
negative symptoms between psychotic-like experiences (PLEs) 
and cannabis use (Moore et al., 2007; Rössler et al., 2012; 
Verdoux et al., 2003), as well as a relationship with the persis-
tence of these symptoms years later (Kuepper et al., 2011). 
Other studies show plausible interactions between cannabis use 
and other factors, such as genetic (Caspi et al., 2005; Colizzi 
et al., 2015), schizotypal personality traits (Barkus et al., 2006) 
or cannabis subtype (Di Forti et al., 2015), resulting in a non-
linear association. 

The prevalence of psychotic symptoms in the general popula-
tion is over 5% (Van Os et al., 2009), and ranges from 4% to 20% 

in a continuum phenotype, in relation to psychosis proneness, 
also referred to as schizotypy (Van Os et al., 2009; Verdoux and 
Van Os, 2002). These symptoms have been related to an increased 
risk of psychotic disorders (Chapman et al., 1994; Poulton et al., 
2000) and other mental disorders (Chapman et al., 1994); so they 
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could be a risk factor, not specific to psychotic disorders, but a 
marker of psychological disturbance and functional impairment 
(Rössler et al., 2007; Verdoux and Van Os, 2002).

Other factors such as gender and age (Barajas et al., 2015; 
Häfner et al., 1993; Ochoa et al., 2012), social exclusion (Heinz 
et al., 2013; Morgan et al., 2008), and age at onset of cannabis use 
(Barrigón et al., 2010; González-Pinto et al., 2008) have been 
related to differences in the onset of psychosis. Use of alcohol 
and other drugs has also been linked to a higher prevalence of 
psychiatric disorders (Kessler, 2004) and differences in the onset 
of psychosis (Power et al., 2013). 

Some limitations of previous studies of the relationship 
between cannabis use and psychotic symptoms in the general 
population are the small samples of cannabis users, or not adjust-
ing for other confounding factors (e.g. age of onset or use of 
other drugs); and other studies of the association with some spe-
cific dimension of psychosis have been contradictory (Henquet 
et al., 2010; Johns et al., 2004; Skosnik et al., 2001; Stefanis 
et al., 2004).

In a previous study, our group used a snowball sample to iden-
tify a sample of cannabis users (Ruiz-Veguilla et al., 2013). 
Snowball sampling may be a good option for finding hidden popu-
lations, by overcoming the limitations of traditional cohort or case-
control studies (Lopes et al., 1996; Watters, 1989). Ruiz-Veguilla 
et al. (2013) found a relationship between cannabis use and 
Community Assessment of Psychic Experience (CAPE) positive 
dimension factors, such as voices, mania and first-rank experiences. 
In this study, we identified a group of non-daily cannabis users that 
included some people who had smoked cannabis < 5 times in their 
lives, and others who use cannabis weekly; so we think this group 
has intragroup differences that should be analyzed more deeply.

The aim of this study was to explore the association between 
cannabis use and psychotic-like experiences (PLEs), using snow-
ball sampling to find a non-clinical sample of cannabis users 
grouped by their frequency of use (< 5 times in their lifetime, 
monthly to weekly use, and daily use), adjusting for other poten-
tial confounding factors.

Methods

Procedures and sample

Participants were identified by snowball sampling (Lopes et al., 
1996). We selected individuals in two provinces of the southern 
region of Andalucía, in Spain: Almería and Granada. We started 
the chain with three daily cannabis users (DCU) and four non-
daily cannabis users (NDCU), identified with the help of canna-
bis growers’ associations. Each participant helped identify two 
more participants, one DCU and one NCDU. We continued this 
form of recruitment until we had 103 subjects in each area. 
During the recruitment, seven DCU and three NDCU refused to 
participate. If, during the recruitment, a given NDCU was later 
found to be a daily user, then the participant was accepted as a 
DCU and two new NDCU were recruited.

Assessment was done by one psychologist in each area. Both 
had been trained in the use of Section L of the Composite 
International Diagnostic Interview (CIDI) (World Health 
Association, 1993) and the Structured Clinical Interview for 
DSM-IV axis I disorders (SCID-I) (First et al., 1996).

Exclusion criteria were:

•• A previous history of seeking help for psychotic symp-
toms or addiction;

•• A previous history of head trauma with loss of conscious-
ness for 1 h, or a history of major neurological or somatic 
disorder with neurological components;

•• Age under 18 or over 55; and
•• A first-degree family member with psychosis. The Family 

Interview for Genetic Studies (Maxwell, 1992) was 
applied to detect any family history of psychosis.

There were 13 participants who reported a previous history of 
taking psychotropic medication or having attended a mental 
health service. In Almeria, there were three participants (two 
DCU and one NDCU) who reported taking antipsychotic medi-
cation; and they were excluded because they showed a diagnosis 
of schizophrenia when evaluated with the SCID-1 (First et al., 
1997). There were 10 participants (six DCU and four NDCU) 
who had attended mental health services in the past, showed a 
diagnosis of depression without psychotic symptoms and 
reported having taken antidepressants in the past, but not in the 
last year; so they were included in the analyses. No participants 
reported having sought help for drug addiction. Our final sample 
was made up of 204 subjects, 103 in the city of Granada group 
and 101 in Almería, Spain.

Our subjects were provided with a complete description of the 
study and written informed consent was acquired. The research 
protocol was approved by the Ethics Committee of Jaén Hospital, 
in Spain.

Instruments

Cannabis and other drug use. Lifetime drug use was recorded 
using Section L of the Composite International Diagnostic Inter-
view (CIDI) (World Health Association, 1993). Following the 
CIDI, patients were considered drug users if they had used a par-
ticular drug five or more times. Using this interview, we collected 
information about the frequency of use of each substance during  
the period of heaviest use (daily or nearly every day, 3–4 days  
per week, 1–2 days per week, 1–3 days per month, or less than  
once a month). Use of several different drugs was evaluated: can-
nabis, cocaine, ecstasy or 3,4- methylenedioxymethamphetamine 
(MDMA), amphetamines and psychedelic substances, ketamine, 
opioids and other drugs. In our sample, use of four other drugs were 
also reported: Salvia divinorum, nexus (2,5-dimethoxy-4-bromo-
phenethylamine), gamma-hydroxybutyric acid and “poppers”.

We recorded cannabis use and distributed subjects into three 
groups by their patterns of consumption:

•• Non-users: < 5 times in their lifetime;
•• Moderate users: monthly to weekly users; and
•• Heavy users: daily users.

Our sample was formed by 68 non-users, 40 moderate users 
and 96 heavy users.

Alcohol use was evaluated with questions from the Systematic 
Interview of Alcohol Consumption (Gual et al., 2001).

For the analysis of covariance (ANCOVA), we took into 
account cocaine usage during the period of heaviest use, and then 
divided the subjects into the next categories:
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•• daily or nearly every day use;
•• 3–4 days per week;
•• 1–2 days per week;
•• 1–3 days per month; and
•• < once a month.

We then created another variable, called “non-cannabis non-
cocaine drug use,” dichotomized to include subjects who had 
used drugs other than cannabis or cocaine > 10 times throughout 
their life.

For alcohol, we used the frequency of use in the previous 
month, categorized as follows:

•• No alcohol use;
•• Monthly use;
•• Use 2–3 times per month;
•• Use 1–2 times per week;
•• Use 3-4 times per week;
•• Use 5-6 times per week; and
•• Daily use.

Psychotic-like experiences (PLEs). The Community Assess-
ment of Psychic Experiences (CAPE) is a 42-item self-report-
ing questionnaire used as a screening instrument in the detection 
of individuals at ultra-high risk of psychosis. It has been found 
to be a stable, reliable and valid instrument for evaluating the 
presence of psychotic symptoms in the general population 
(Mossaheb et al., 2012; Weaver et al., 2003). The CAPE ques-
tionnaire was recently adapted to the Spanish language and 
validated in a Spanish population (Fonseca-Pedrero et al., 2012; 
Ros-Morente et al., 2011).

The presence of PLEs was assessed with the CAPE. CAPE 
scores are divided into three dimensions: positive, negative and 
depressive (Stefanis et al., 2002). The positive dimension is 
divided into four factors:

•• Paranoia (persecution, voodoo, references on TV and 
radio, conspiracy, getting odd looks, things having double 
meaning, things not what they seem to be);

•• Schneiderian first-rank symptoms (thought echo, thought 
withdrawal, thought broadcasting, thought insertion, feel-
ing controlled, devices influencing the person, telepathy);

•• Voices (hearing voices or noises); and
•• Mania experiences (being social or important).

Each item explores the frequency of the symptom on a four-
point scale, with the answers:

1. “Never”;
2. “Sometimes”;
3. “Often”; and
4. “Nearly always.”

Experiences under the effects of drugs were excluded from 
the questionnaire. Scores for the three dimensions and four fac-
tors were found by adding up the scores on each item. We also 
found the mean scores for each dimension or factor. We analyzed 
the CAPE scores as a continuous variable, dividing the total 
score on a dimension or factor into the number of items, resulting 
in a value from one to four.

Social exclusion. We used six questions that were proposed by 
Morgan (Morgan et al., 2008) on education, employment, living 
arrangements, housing, relationships and social networks. Each of 
these questions are scored as 0 for “absent” or 1 for “present” (not 
educated up to 16, unemployed for 6 months, living alone for 1 
year, single, or having no close friends to trust). This index ranges 
from 0 to 6, where the higher scores show more social exclusion.

Data analysis

Statistical analysis was performed using SPSSTM (versions 13.0 
to 15.0). First, a univariate analysis was performed to compare 
the CAPE scores in the three groups, according to frequency of 
cannabis use, with a 1-way analysis of variance (ANOVA) test 
and differences within groups with a post-hoc analysis (Tukey). 
Then, in those CAPE factors in which differences were signifi-
cant, we studied the association between the CAPE scores and 
the theoretical covariates proposed (i.e. gender, age, social exclu-
sion, age of onset of cannabis use, alcohol use, cocaine use and 
use of other drugs), using bivariate correlation or the Student t 
test as appropriate, when corresponding. Following this, we car-
ried out an ANCOVA multivariate analysis, taking those found to 
be significant for each factor as covariates.

We explored whether the association between frequency of can-
nabis use and results from the CAPE-Dimensions was linear or 
quadratic (U-Shaped), using curve fit regression (Woodward, 2005).

Results

Sample characteristics and pattern of 
cannabis use

Finally, 204 subjects participated in the study: 108 were NDCU 
and 96 were DCU. We distributed the cannabis users into three 
groups, by frequency of use: We had 68 individuals who had used 
it < 5 times in their lifetime (non-users), 40 who had used it 
monthly to weekly (moderate users) and 96 who were daily users 
(heavy users).

Table 1 shows the characteristics of the sample and differ-
ences between the groups of cannabis use patterns. The mean age 
of the sample was 27.2 years (SD = 6), and 59% were male. 
There were no significant differences in education among the 
groups (p = 0.696), 42.2% of whom (86 participants) had univer-
sity degrees, 1.5% (3 subjects) had not finished primary school, 
8.3% (17) had only finished primary school and 47.1% (96) had 
finished high school.

Differences in CAPE scores among groups

The ANOVA analysis showed that there were no differences in 
the depressive (p = 0.741) score dimensions among cannabis user 
groups, that negative symptoms (p = 0.063) showed a trend, but 
did not reach a statistically significant one. There were statisti-
cally significant intergroup differences in the positive CAPE 
scores (p = 0.002) (Table 1 and Figure 1).

When we analyzed the positive dimension factors sepa-
rately, we also found intergroup differences in mania experi-
ences (p = 0.017), first-rank experiences (p = 0.003) and voices 
experiences (p = 0.042); but not in the paranoia factor  
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(p = 0.148). A post hoc analysis found significant differences in 
the voices experiences, between the moderate and heavy users 
(p = 0.038); significant differences in the mania experiences 
between the moderate and heavy users (p = 0.018), differences 
in the first-rank experiences between non-users and moderate 
users (p = 0.057) that tended to be significant, and statistically 
significant differences in the first-rank experiences between the 
moderate users and the heavy users (p = 0.002), as seen in Table 
1 and Figure 2.

Furthermore, although we expected a quadratic association, 
confirmative analyses with the continuous indicator of the fre-
quency of cannabis use and CAPE dimensions showed that there 
was a non-significant linear association of the three cannabis use 
patterns and the positive (β = 0.11; p = 0.11), negative (β = 0.05; 

p = 0.46) and depressive dimensions (β = 0.06; p = 0.33). We did 
find a significant quadratic association between the frequency of 
cannabis use and the positive (β = −1.8; p = 0.004) and negative 
dimension scores (β = −1.2; p = 0.04). Table 2 shows an overview 
of regression statistics for the quadratic association between can-
nabis use patterns and CAPE dimensions. First-rank and mania 
dimensions showed a significant quadratic association (p < 0.05). 
Voices showed a significant trend (p = 0.07). The paranoia factor 
showed a non-significant quadratic association with the fre-
quency of cannabis use (p = 0.13).

Finally, we studied the association between CAPE scores for 
those factors with significant intergroup differences (i.e. mania, 
first-rank experiences and voices) and our proposed confounding 
variables (i.e. gender, age, social exclusion, age of onset 

Table 1. Differences between groups by cannabis use pattern.

Cannabis use p-value

 < 5 times in life (n = 68) Weekly to monthly (n = 40) Daily (n = 96)

Age in years (mean ± SD) 28.6 ± 7.1 26.6 ± 4.9 26.4 ± 4.9 0.042
Gender (% men) 42.6% (n = 29) 55% (n = 22) 75% (n = 72) < 0.001
Age at onset of cannabis use (years; mean ± SD) 16.22 ± 3.10 16.15 ± 2.20 15.07 ± 1.75 0.004
Cocaine use (n, %) 34 (50%) 26 (65%) 84 (88.4%) 0.000
Non-cannabis, non-cocaine
drug use (n, %)

2 (2.9%) 3 (7.5%) 21 (80.8%) 0.001

Daily use of alcohol during previous year (n-%) 8 (11.8%) 4 (10%) 25 (16%) 0.021
Social exclusion (mean ± SD) 1.06 ± 0.76 0.97 ± 0.58 1.26 ± 0.64 0.042
CAPE score (mean ± SD)  
CAPE negative 1.76 ± 0.37 1.67 ± 0.27 1.80 ± 0.30 0.063
CAPE depression 1.68 ± 0.24 1.68 ± 0.36 1.72 ± 0.38 0.741
CAPE positive 1.40 ± 0.23 1.30 ± 0.17 1.46 ± 0.26 0.002
CAPE paranoia factor 1.45 ± 0.31 1.38 ± 0.29 1.50 ± 0.32 0.148
CAPE voices factor 1.08 ± 0.24 1.03 ± 0.12 1.13 ± 0.24 0.042
CAPE mania 1.74 ± 0.54 1.59 ± 0.47 1.91 ± 0.73 0.017
CAPE first-rank 1.30 ± 0.28 1.17 ± 0.20 1.35 ± 0.31 0.003

CAPE: Community Assessment of Psychic Experiences questionnaire.

Figure 1. Differences between cannabis users in CAPE dimensions.
CAPE: Community Assessment of Psychic Experiences.
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of cannabis use, alcohol use, cocaine use and other drug use), 
finding significant associations for mania and age of onset of 
cannabis use, cocaine use and other drug use; first-rank experi-
ences with age of onset of cannabis use, alcohol use and social 
exclusion; and also hearing voices with the use of other drugs 
(see Supplementary Table 1). When we adjusted for these con-
founding variables by conducting an ANCOVA multivariate 
analysis, only the first-rank experiences remained significant, 
with scores in the non-users and heavy user groups statistically 
different from the moderate-user group (non-users/moderate-
users had p = 0.011 and heavy users/moderate users had p = 
0.005), but there were no differences between the non-users and 
the heavy users (p = 0.996).

Discussion

Main findings, strengths and limitations

We found that there was a quadratic association of cannabis use 
and both the CAPE-positive and negative symptoms, following a 
U-shape curve. We found this association in the CAPE-positive 
dimension, and in more detail, for mania and first-rank experi-
ences. This association highlights that the presence of positive and 

negative symptoms is similar and more frequent in both heavy 
cannabis users and non-cannabis users, compared to the group of 
moderate cannabis users. The differences in first-rank experiences 
among the groups remained significant when we adjusted for con-
founding factors such as gender, age, social exclusion, alcohol 
use, other drug use and the age of onset of cannabis use.

A key part of our study, and its main strength, is the sampling 
method used. Snowball sampling is a good way to acquire a large 
group of cannabis users that could be difficult to find by other 
methods. It is also a good method for reducing the environmental 
heterogeneity of subjects (Lopes et al., 1996); although at the same 
time, this could introduce selection bias. We set up three groups 
according to their cannabis use pattern, and though our classifica-
tion may have been arbitrary to some extent, it is also a highly 
practical method and reflects population patterns. According to the 
European Monitoring Centre for Drugs and Drug Addiction infor-
mation (European Monitoring Centre for Drugs and Drug 
Addiction, 2014) on the results of a survey done in 2011, 27.4% of 
the Spanish population reported lifetime use of cannabis, 17% 
reported use during the previous year, 12.5% during the previous 
month, and 4.4% daily or almost daily use of cannabis. Daily can-
nabis use in Spain is more frequent among males than females, by 
a ratio of 2.7 male gender versus female gender in Spain 
(Observatorio Español de la Droga y las Toxicomanias, 2013). The 
gender rates were similar in our sample.

One limitation of this study is that the drug use and PLEs were 
both self-reported. Drug use was self-reported and we did not use 
urine nor hair analysis to measure the study subjects’ drug con-
sumption. Previous studies support the reliability and validity of 
self-reported drug use (Van Os et al., 2002; Weaver et al., 2003). A 
high proportion of individuals were using other drugs, so although 
we adjusted for other substance use, these results should be inter-
preted with caution. Similarly, self-reported symptoms may be 
overrepresented, because of a misinterpretation of the questions. 
The CAPE questionnaire is a validated and reliable instrument 
for measuring psychotic-like experiences in the general popula-
tion (Fonseca-Pedrero et al., 2012; Konings et al., 2006). 
Furthermore, in our sample, the mean values in CAPE scores 

Figure 2. Differences between cannabis users in CAPE positive factors.
CAPE: Community Assessment of Psychic Experiences.

Table 2. Regression statistics for U-shaped association between 
frequency of cannabis use and CAPE dimensions.

Beta Standard error p value

CAPE negative −1.2 0.22 0.04
CAPE depression −0.11 0.24 0.86
CAPE positive −1.8 0.16 0.004
 CAPE paranoia factor −0.9 0.22 0.13
 CAPE voices factor −1.1 0.16 0.07
 CAPE mania −1.1 0.44 0.05
 CAPE first-rank −1.8 0.20 0.004

CAPE: Community Assessment of Psychic Experience.
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were low for all dimensions and factors, though it is worth men-
tioning that CAPE does not provide indications on pathology; 
because PLEs are not a clinical condition, but rather a risk factor 
for mental illness. In a Spanish sample of patients and students, 
Fonseca-Pedrero (Fonseca-Pedrero et al., 2012) found the fol-
lowing scores for CAPE: 1.5 in patients and 1.25 for students for 
positive dimension, 1.94 among patients and 1.64 in students for 
the negative dimension, and 1.93 in patients and 1.69 for students 
for the depressive dimension. These scores are similar to those 
obtained in our sample.

Comparison with previous studies and 
possible explanations for the U-shaped curve

Most previous studies have shown that there is a relationship 
between cannabis use and the presence of PLEs, and some of 
them describe this relationship with CAPE-positive dimension 
and factors (Stefanis et al., 2004; Verdoux et al., 2003). This 
relationship has usually been described as linear, with an 
increased risk of psychotic symptoms being related to heavier 
consumption of cannabis. In our study, we found a group of 
non-cannabis users with a higher level of positive symptoms 
than the moderate users; and similar to those with daily can-
nabis use, this finding represents a quadratic relationship 
between cannabis use and PLEs. Different explanations could 
be hypothesized.

First of all, previous studies have found U-shaped relation-
ships for other environmental factors, such as alcohol, body mass 
index and jogging. Kelly and colleagues (Kelly et al., 2009) 
found this kind of association between light alcohol drinking in 
pregnancy, and behavioral and cognitive deficits; where they 
found less risk of these problems at 3 years of age, for children 
born of mothers with low alcohol consumption during pregnancy 
(1–2 units per week), than in abstinent, moderate or heavy drink-
ers. They raised the possibility that light drinking was a marker of 
relative socio-economic advantage. In our study this difference 
was also significant when we adjusted for confounding factors, 
but it is possible that other socio-economic factors that we did not 
record could explain these differences better than the physico-
chemical effect of cannabis. Along the same line, a recent study 
also described a U shape in the relationship between jogging and 
mortality, with similar rates in long-term mortality in sedentary 
non-joggers and the group defined as strenuous joggers, and 
lower rates between the light and moderate joggers (Schnohr 
et al., 2015). De Wit et al. (2009) described a U-shape relation-
ship between body mass index and depressive symptoms, finding 
more depressive symptoms associated with both obese and 
underweight subjects.

Another explanation could be some kind of underlying vul-
nerability in the group of non-cannabis users that leads to a 
higher risk of developing PLEs. In this sense, Van Gastel and 
colleagues (Van Gastel et al., 2012) found that there is an associa-
tion between cannabis and positive CAPE scores in adolescents, 
which is similar in heavy cannabis users (defined as ⩾ 40 times 
during the last year) and the group with discontinued use (can-
nabis use in the past, but not during the past year), although the 
inter-group difference was not statistically significant. Some kind 
of vulnerability in this group of subjects, related to other genetic 
or environmental factors conferring an increased risk of develop-
ing these psychotic experiences, could explain why these 

subjects discontinued their use of cannabis in the past. Increased 
distress related to these experiences is also plausible (if the PLEs 
are experienced as unpleasant and with severe distress, and these 
experiences are more frequent with cannabis use, the subjects 
would tend to quit using it, so as to not experience these symp-
toms). Unfortunately, our findings did not provide enough sup-
port for this hypothesis, as we did not ask about how these 
experiences were in the past.

A third possible explanation is related to the different effects 
of cannabis components. Cannabidiol (CBD), one of the compo-
nents of Cannabis sativa, has been associated with antipsychotic 
action (Schubart et al., 2014; Zuardi et al., 2006, 2012). Although 
Δ9-tetrahydrocannabinol (9-THC) is the main component and is 
associated with the induction of psychotic symptoms, CBD may 
reverse these effects and have antipsychotic and anxiolytic prop-
erties, and it may have an opposite effect on regional brain acti-
vation in various areas (Bhattacharyya et al., 2009, 2012). 
Differences in the ratio between 9-THC and CBD could explain 
the different effects of cannabis use. In another previous study in 
cannabis users, in which hair samples were analyzed to detect 
CBD and 9-THC, more of a presence of subclinical psychotic 
symptoms was associated with the group of 9-THC in their hair 
analysis, than in the group with both 9-THC and CBD (Morgan 
and Curran, 2008). It is also possible that the Cannabis use pat-
tern has different effects on the development of psychotic 
symptoms, depending on the interaction between them. In a 
study in rats, the anxiolytic effect of CBD was no longer after 
high doses than medium doses (Guimarães et al., 1990). This 
could be related to a loss of effect reversing 9-THC in the high 
doses. Another similar hypothesis is that the pattern of cannabis 
use is also related to the type of cannabis used. A recent study 
by Di Forti et al. (2015) described a high risk of psychotic dis-
orders in users of high-potency cannabis (skunk-like types that 
contain higher levels of 9-THC). Individuals in that study, who 
used mostly low-potency cannabis (including daily users), had 
no more of an increased likelihood of psychotic disorders than 
those who had never used cannabis, while there was an increased 
risk of psychotic disorders found amongst skunk-like cannabis 
users (almost five times in daily users).

Finally, it is also possible that factors protecting from devel-
oping addiction (social, environmental or genetic factors) in the 
monthly or weekly cannabis users, were also related to a lower 
presence of psychopathology in general; and the subclinical psy-
chotic symptoms, specifically. This is in line with the hypothesis 
of shared vulnerability between psychosis and addictions (Coyle, 
2006; Rubino et al., 2012). Some shared environmental factors 
also could explain part of association between cannabis and psy-
chotic experiences (Shakoor et al., 2015).

Clinical interest and future research

According to previous studies, only 5% of subjects with subclini-
cal PLEs are going to develop a non-affective psychotic disorder, 
and 8% in 2 years if affective and non-affective psychotic disor-
ders are included (Hanssen et al., 2003). These symptoms are not 
specific only to an increased risk of psychotic disorders, but are 
also related to the development of other mental disorders 
(Chapman et al., 1994; Van Nierop et al., 2012; Verdoux and Van 
Os, 2002). Most of them (75–90% of these symptoms) are transi-
tory and disappear overtime (Van Os et al., 2009). It would be 
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interesting to study whether there are any differences between 
these groups of non-users and daily users, in the risk of develop-
ing a mental disorder, or if there is some vulnerability in the low 
cannabis user group that mediates an increased risk in this group, 
even in the absence of cannabis, until it equals the daily cannabis 
user group.

Conclusions
We found a U-shaped curve in the association between cannabis 
use and positive and negative CAPE scores. In our sample, the 
CAPE positive and negative scores varied with the cannabis use 
pattern, and were similar in the non-user and the daily user groups. 
Nevertheless, our conclusions should be taken with some caution, 
as the representation of the snowball sample is limited. More stud-
ies are required to confirm and explore this association.
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