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A B S T R A C T   

Cannabis use is highly prevalent in first-episode psychosis (FEP) and plays a critical role in its onset and prog-
nosis, but the genetic underpinnings promoting both conditions are poorly understood. Current treatment 
strategies for cannabis cessation in FEP are clearly inefficacious. Here, we aimed to characterize the association 
between cannabis-related polygenic risk scores (PRS) on cannabis use and clinical course after a FEP. A cohort of 
249 FEP individuals were evaluated during 12 months. Symptom severity was measured with the Positive and 
Negative Severity Scale and cannabis use with the EuropASI scale. Individual PRS for lifetime cannabis initiation 
(PRSCI) and cannabis use disorder (PRSCUD) were constructed. Current cannabis use was associated with 
increased positive symptoms. Cannabis initiation at younger ages conditioned the 12-month symptom progres-
sion. FEP patients with higher cannabis PRSCUD reported increased baseline cannabis use. PRSCI was associated 
with the course of negative and general symptomatology over follow-up. Cannabis use and symptom progression 
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after a FEP were modulated by cannabis PRS, suggesting that lifetime initiation and use disorders may have 
partially independent genetic factors. These exploratory results may be the first step to identify those FEP pa-
tients more vulnerable to cannabis use and worse outcomes to ultimately develop tailored treatments.   

1. Introduction 

Schizophrenia is a complex mental disorder, with highly heteroge-
neous course patterns and closely related to increased use of cannabis 
(Moore et al., 2007), particularly at early stages (Barbeito et al., 2013). It 
is estimated that approximately 50% of first-episode psychosis (FEP) 
individuals are cannabis users at onset (Arranz et al., 2020; 
González-Pinto et al., 2008). Cannabis has a remarkable effect on FEP 
development and outcome (Di Forti et al., 2019; Schoeler et al., 2016). 
Specifically, cannabis use is associated to earlier age at psychosis onset 
(di Forti et al., 2014; González-Pinto et al., 2008; Sugranyes et al., 2009), 
treatment resistance (Patel et al., 2016), more relapses (Bioque et al., 
2022) and poor every-day functioning (Harrison et al., 2008). 
Notwithstanding the severe consequences, a high percentage of FEP 
patients continue using cannabis and have severe difficulties in 
achieving abstinence (Hiemstra et al., 2018). 

The role of genetics in the co-occurrence of cannabis use and mental 
disorders is poorly understood, but some studies have characterized a 
partially overlapped genetic liability (Johnson et al., 2021, 2020; Pas-
man et al., 2018). Numerous genetic variants and chromosomic regions 
have been reported as shared risk variants (Caspi et al., 2005; Johnson 
et al., 2020; Müller-Vahl and Emrich, 2008; Pasman et al., 2018). A 
polymorphism in the FAAH gene was found to confer a ten-fold risk of 
FEP onset in cannabis consumers in the FEP sample used for the present 
study (Bioque et al., 2019). However, the relationship between cannabis 
use and psychosis is far more complex. Some authors have suggested 
that cannabis could also be used as a form of self-medication to deal with 
psychotic, depressive and anxiety (Ferdinand et al., 2005; Mané et al., 
2015; Radhakrishnan et al., 2022). Both cannabis use and schizophrenia 
have a complex genetic architecture, associated with numerous genetic 
variants conferring small effects. The genome-wide genetic susceptibil-
ity measured with polygenic risk scores (PRS) has confirmed the overlap 
between cannabis use and schizophrenia (Johnson et al., 2021; Pasman 
et al., 2018). The PRS for cannabis use disorder was found associated 
with schizophrenia, even when accounting for smoking and cannabis 
ever-use (Johnson et al., 2021) and the PRS for schizophrenia with 
cannabis use (Hiemstra et al., 2018). Genetic predisposition to cannabis 
use could have an effect on cannabis use and also to some specific 
symptoms that would in turn be associated to cannabis use and the later 
onset of psychosis. If confirmed, this common genetic susceptibility 
could elucidate some of the biological mechanisms underlying cannabis 
use, its self-medication effect and psychosis. 

As previously remarked, cannabis use is widely reported as a risk 
factor for psychosis and worse clinical outcomes. This study aims to 
further characterize its effect after the onset of the FEP on the psychotic 
symptomatology and its trajectory during 12 months. To explore the 
genetic underpinnings of both cannabis use and symptom severity, 
cannabis initiation and use disorder PRS were constructed for each 
participant. We expected that FEP patients with increased PRS would 
report increased cannabis use as well as more severe symptoms and a 
slower 12-month progression to recovery. 

2. Methods 

This study is part of the multicentric project ’Phenotype–genotype 
interaction: application of a predictive model in first psychotic episodes’ 
(PEPs Project). A complete description of the PEPs protocol has been 
published previously (Bernardo et al., 2019, 2013). 

2.1. Sample 

During the recruitment period (2009–2012), 335 subjects who pre-
sented a FEP were included in the PEPs Project. Patients included met 
the following inclusion criteria: aged 7–35 years old at recruitment; 
presence of psychotic symptoms of less than 12 months’ duration; ability 
to speak Spanish correctly and providing written informed consent. The 
exclusion criteria were: presenting intellectual disability according to 
DSM-IV criteria (American Psychiatric Association, 1994); history of 
head trauma with loss of consciousness and presence of an organic 
disease with mental repercussions. 

For the present study, we included those subjects who provided 
blood samples for genetic analysis, passed the genetic quality control 
(see below), were ≥ 16 years old (21 individuals excluded) and had 
European ancestry (51 individuals excluded). The final sample 
comprised 249 FEP subjects. This study was conducted under the ethical 
principles of the Declaration of Helsinki and Good Clinical Practice and 
the Hospital Clinic Ethics and Research Board. Informed consent was 
obtained from all participants or from parents or legal guardians of 
under-age subjects. 

2.2. Assessments 

Sociodemographic and premorbid data were collected at enrollment, 
including age, gender, years of education and age at FEP. For the present 
study, we focused on cannabis use, age of FEP onset and clinical data for 
a period of 12 months. 

Diagnoses were assessed with the Structured Clinical Interview for 
DSM-IV Disorders (SCID-IV). After that, diagnoses were dichotomized 
into affective (Bipolar Disorder, Major Depressive Disorder, Schizo-
affective Disorder) and non-affective psychosis (Unspecified Psychosis, 
Schizophreniform Disorder, Schizophrenia, Brief Psychotic Episode). 

Symptomatology related to schizophrenia was assessed with the 
Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987). The 
items of the scale can be subdivided in positive, negative and general 
psychotic symptoms. Higher scores on this scale indicate greater 
severity. 

Substance use was assessed with the European Adaptation of a 
Multidimensional Assessment Instrument for Drug and Alcohol Depen-
dence (EuropASI) (Kokkevi and Hartgers, 1995). For the present study 
included in the analyses information about the proportion of cannabis 
users, monthly cannabis use (number of times cannabis was used) and 
age of cannabis initiation. 

2.3. Blood samples and genotyping 

Blood samples were collected in K2EDTA BD Vacutainer EDTA tubes 
(Becton Dickinson, Franklin Lakes, New Jersey), stored at − 20 ◦C and 
sent to the central laboratory. DNA was extracted with the MagNA Pure 
LC DNA isolation Kit – Large volume and MagNA Pure LC 2.0 Instrument 
(Roche Diagnostics GmbH, Mannheim, Germany). DNA concentration 
was determined by absorbance (ND1000, NanoDrop, Wilmington, 
Delaware). A total of 2.5 μg of genomic DNA was sent for genotyping at 
the Spanish National Genotyping Centre (CeGen) using Axiom™ Spain 
Biobank Array. 

2.4. PRS calculation 

Genotyping data was submitted to the Michigan Imputation Server 
(Das et al., 2016), following the standard pipeline and pre-imputation 
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quality control required for Minimac4 software and setting a European 
population reference from build GRCh37/hg19, reference panel HRC 
1.1 2016 and Eagle v2.4 phasing. 

The PRS were constructed using PRS-CS, a method that implements a 
high-dimensional Bayesian regression to perform a continuous 
shrinkage of SNP effect sizes using GWAS summary statistics and an 
external linkage disequilibrium (LD) reference panel (Ge et al., 2019). 
Here, two GWAS summary statistics were used to calculate individual 
PRS conferring risk for lifetime cannabis initiation (PRSCI) (Pasman 
et al., 2018) and cannabis use disorder (PRSCUD) (Johnson et al., 2020). 
The LD reference panel was constructed using a European subsample of 
the UK Biobank (Bycroft et al., 2018). For the remaining parameters, the 
default options as implemented in PRS-CS were adopted. 

A genetic quality control was performed with PLINK v1.07 (Purcell 
et al., 2007). Inclusion criteria for SNPs were minor allele frequency 
(MAF) > 0.01, Hardy-Weinberg equilibrium p > 10− 6, SNP missingness 
< 0.01 and imputation INFO > 0.8. Pruning was performed using a 
window/step size of 200/50 kb and r2 > 0.25 prior to the heterozygosity 
and relatedness check. Sample quality control included individuals with 
heterozygosity values ± 3SD from the mean, individual missingness <
0.01, matching chromosomal and database-labeled sex, relatedness 
π-hat < 0.125 and self-reported European ancestry. 

2.5. Statistical analysis 

All the analyses were performed with R v4.1.2 (“R Core Team,” 
2017). A genetic principal component analysis (PCA) was performed to 
control population stratification (Patterson et al., 2006) by means of the 
SNPRelate package, and the first 10 components were used as covariates 
in the statistical analyses including PRS. Multiple testing correction was 
applied in all the analyses by means of the FDR method, and the 
threshold of significance of the adjusted p value (p.adj) was set at α <
0.05. 

The association between cannabis use, age of cannabis initiation, age 
at FEP onset, symptom severity and PRS at baseline was evaluated with 
generalized linear models and corrected by sex, age and diagnostic. 
Linear mixed-effects modeling was used for longitudinal analyses, 
considering month of assessment as a random effect and the PRS and 
time as fixed effect and corrected by sex, age and diagnostic. 

3. Results 

3.1. Description of the sample 

The sample consisted of 249 FEP individuals, 74 (29.7%) females, 
with a mean age of 24.5 years (SD = 5.7 years). Forty-two patients 
(16.9%) were diagnosed with affective psychosis. The mean age of 
cannabis use initiation was 16.1 years (SD = 2.9 years). Table 1 shows 
cannabis use pattern and psychotic symptoms of the sample at each 
assessment point during the 12-month follow-up. 

3.2. Cannabis use and FEP severity 

Individuals reporting an earlier cannabis initiation age had their FEP 
at younger ages (t = 7.044; R2 = 0.281; p.adj = 2.85 × 10− 10). Cannabis 
use at baseline was also associated with FEP age, but the result did not 
survive multiple testing correction (t = − 2.091; R2 = 0.025; p.adj =
0.056). 

The effect of cannabis use on the psychotic symptomatology was 
tested at baseline and for the 12-month progression. Table 2 shows the 
association of positive symptoms with cannabis use (p.adj = 0.002) and 
a trend with monthly cannabis use (p.adj = 0.056) at baseline. Only 
cannabis initiation age was associated with the 12-month symptom 
course. Individuals initiating cannabis use at younger ages reported a 
worse overall progression of symptoms (p.adj = 0.014), including pos-
itive (p.adj = 0.018), negative (p.adj= 0.023) and general (p.adj=0.030) 
subscales. 

3.3. Cannabis PRS and cannabis use 

To assess the role of genetics in the cannabis use pattern, the PRS 
capturing the genetic liability for cannabis initiation (PRSCI) and 
cannabis use disorder (PRSCUD) were included in the analyses. No PRS 
was associated with the age of cannabis initiation (p.adj > 0.05 for all 
analyses). Table 3 shows that greater PRSCUD was associated with 
cannabis use and a monthly use at baseline (p.adj = 2.61 × 10− 4; p.adj 
= 0.014). No associations were found for PRSCI and cannabis use 
pattern. 

3.4. Cannabis PRS and FEP severity 

The PRS were not associated with the age at FEP (p.adj > 0.05 for all 
analyses). The baseline symptomatology was not associated with the 
PRS, but a trend was found for PRSCI and the negative subscale (p.adj =
0.052). The 12-month progression of total, negative and general symp-
toms was associated with PRSCI (p. adj = 0.017, p.adj = 0.035, p.adj =
0.024; respectively). No associations were found for PRSCUD (Table 4). 

4. Discussion 

This prospective study explored the relationship between cannabis 
use, psychotic symptoms and cannabis PRS in a FEP sample longitudi-
nally. Cannabis initiation was linked to earlier FEP onset and the pro-
gression of psychotic symptoms. Cannabis use pattern at study entry was 
associated with the cannabis use disorder PRS, while PRS reflecting the 
genetic proneness for lifetime cannabis initiation was found to have an 
effect on symptom progression. The present study characterizes the 
impact of cannabis use and the role of the genetic susceptibility un-
derlying cannabis use in the clinical evolution after a first psychotic 
episode. The findings of this exploratory study establish a foundational 
understanding of the genetic architecture of cannabis use and its rela-
tionship with the clinical outcome in the first stages of psychotic 
disorders. 

Earlier FEP onset was associated with cannabis initiation age and 
use, although the latter did not survive multiple testing correction. We 
replicated results found in other subsets of the present sample (Amoretti 
et al., 2022; Mané et al., 2017) and reported in the literature (di Forti 
et al., 2014; González-Blanco et al., 2021; Sugranyes et al., 2009). 
Additionally, we detected an effect of current cannabis use in the posi-
tive symptoms similar to the associations previously described in this 
FEP sample (Amoretti et al., 2022; González-Blanco et al., 2021). A 
statistical trend suggests a dose-dependent relationship, but increased 
sample sizes are needed to confirm this result. The most recent 
metanalysis reveals a small increase of positive symptomatology in 
schizophrenia patients reporting current cannabis use (Sabe et al., 
2020). The effect was more conspicuous in the previous metanalysis, 
which included FEP samples (Large et al., 2014). The only cannabis use 

Table 1 
Cannabis use and psychotic symptoms measures during the 12-month follow-up.  

Assessment Baseline 2-month 6-month 12-month  
n(%) or 
mean(SD) 

n(%) or 
mean(SD) 

n(%) or 
mean(SD) 

n(%) or 
mean(SD) 

Cannabis users 114(46.2%) 50(21.3%) 49(22.5%) 41(20.7%) 
Monthly cannabis 

use (joints) 
34.0(68.6) 5.6(25.3) 3.7(15.4) 1.9(8.6) 

Total symptoms 
(PANSS score) 

73.7(24.4) 57.1(20.4) 52.3(17.1) 50.2(18.2) 

Positive symptoms 
(PANSS score) 

18.4(8.3) 11.7(5.3) 10.4(4.4) 9.9(4.5) 

Negative symptoms 
(PANSS score) 

18.0(7.9) 16.5(6.9) 15.1(6.3) 14.5(6.5) 

General symptoms 
(PANSS score) 

37.3(12.7) 29.8(10.5) 26.8(8.8) 25.7(9.5)  
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feature linked to psychotic symptoms was initiation age. Considering 
that almost 50% of cannabis users achieved cessation and monthly 
intake was severely reduced during the 12-month follow-up, these re-
sults suggest that the – possibly dose-dependent – effect of current 
cannabis use on positive symptoms may be reversible. Previous longi-
tudinal studies have described better outcomes in FEP patients who stop 
using cannabis (González-Pinto et al., 2011; Schoeler et al., 2016). Thus, 
the development of preventive tools is decisive to hinder the effect of 
cannabis in younger individuals at critical stages of brain development 
(Bara et al., 2021; Penzel et al., 2021; Schneider, 2008), that may have 
major impact on the clinical outcomes. 

Individuals with increased PRSCUD were more prone to use cannabis, 
as previously demonstrated in non-psychotic samples (Johnson et al., 
2019; Meyers et al., 2019). This effect was not statistically significant for 
the 12-month progression analyses, thus implying that despite an 
increased genetic liability for cannabis abuse and dependency, cessation 
can be achieved after FEP onset. These results are particularly mean-
ingful since cannabis use after FEP onset is associated with poor out-
comes (Baeza et al., 2009; Bioque et al., 2022; González-Pinto et al., 
2016, 2011; Marconi et al., 2016; Marino et al., 2020; Wisdom et al., 
2011). However, the current treatment strategies for cannabis cessation 
are insufficient for a considerable number of FEP patients (McDonell and 
Oluwoye, 2019). The present results suggest that other factors might 
contribute to consumption persistence, which may be considered for the 
development of novel treatment strategies for cannabis use in FEP. 

The influence of PRSCI on cannabis use was not detected, but in-
dividuals with increased scores reported a worse progression of negative 

and general symptoms. These findings could be explained by the nature 
of the reference GWAS, which captures the genetic variability of lifetime 
cannabis use in the general population. Cannabis initiation is a complex 
process, and therefore the multiple genetic and environmental factors 
that trigger the consumption may operate differently in individuals at 
high clinical risk. Intriguingly, the association of PRSCI with non- 
positive symptoms implies that the captured genetic susceptibility 
may also reflect the proneness for affective, depressive and other un-
specific symptoms. Considering the effect of cannabis on the dopami-
nergic neurotransmission associated to negative symptoms (Awad and 
Voruganti, 2015; Howes and Kapur, 2009; Peters et al., 2021), it could 
be hypothesized that individuals with this genetic proneness could 
initiate cannabis consumption as self-medication to mitigate the symp-
toms. However, cannabis use would trigger the psychotic episode and a 
more severe manifestation of these symptoms (di Forti et al., 2014; 
Harrison et al., 2008) and thus its putative self-medication effect could 
rebound after sustained substance use (Diana, 2011; Sabe et al., 2020). 
Consistent with this hypothesis, some authors have shown that cannabis 
use, anxiety and depressive symptoms have shown to have a bidirec-
tional association with psychotic experiences (Radhakrishnan et al., 
2022). 

Some limitations of the present work should be taken into consid-
eration. Firstly, the sample size is moderately limited in the longitudinal 
follow-up due to patient drop-out and therefore the statistical analysis 
might be underpowered to detect small effects. Secondly, cannabis use 
pattern was not assessed through biochemical quantification of canna-
binoids concentration. Instead, cannabis use pattern was obtained by the 

Table 2 
Cannabis use and psychotic symptom severity at study entry and 12-month follow-up. Significant results are marked in bold.  

Cannabis use Psychotic symptoms Baseline 12-month   
t R2 p.adj t R2 p.adj 

Cannabis user Total 1.615 0.015 0.143 0.898 0.014 0.397  
Positive 3.561 0.051 0.002 1.398 0.010 0.998  
Negative − 1.588 0.033 0.113 − 1.123 0.035 0.421  
General 1.820 0.016 0.140 1.132 0.008 0.591 

Monthly cannabis use Total 1.084 0.009 0.559 1.577 0.009 0.576  
Positive 2.481 0.031 0.056 0.799 0.003 0.662  
Negative − 0.322 0.024 0.748 0.531 0.028 0.602  
General 0.698 0.009 0.648 1.217 0.006 0.448 

Cannabis use initiation age Total − 0.676 0.009 0.667 − 3.855 0.054 0.014  
Positive − 0.707 0.005 0.962 − 3.634 0.032 0.018  
Negative 0.032 0.023 0.974 − 2.949 0.050 0.023  
General − 0.844 0.011 1.000 − 3.998 0.052 0.030  

Table 3 
PRS association with cannabis use pattern at study entry and during the 12-month follow-up. Significant results are marked in bold.  

PRS Cannabis use Baseline 12-month   
t R2 p.adj t R2 p.adj 

PRSCI Cannabis user 0.429 0.101 0.669 − 0.062 0.032 0.952  
Monthly cannabis use 0.354 0.075 0.724 0.390 0.018 0.705 

PRSCUD Cannabis user 3.888 0.151 2.61E− 04 2.837 0.051 0.079  
Monthly cannabis use 2.734 0.104 0.014 1.497 0.029 0.422  

Table 4 
PRS association with psychotic symptoms at baseline and during the 12-month follow-up. Significant results are marked in bold.  

PRS Psychotic symptoms Baseline 12-month   
t R2 p.adj t R2 p.adj 

PRSCI Total 2.153 0.047 0.065 2.914 0.049 0.017  
Positive 0.887 0.025 0.376 1.582 0.017 0.121  
Negative 2.075 0.095 0.052 2.738 0.087 0.035  
General 2.282 0.046 0.093 3.033 0.041 0.024 

PRSCUD Total − 0.884 0.032 0.504 − 0.881 0.042 0.397  
Positive − 1.131 0.027 0.518 − 1.223 0.016 0.501  
Negative 0.421 0.080 0.674 0.872 0.080 0.520  
General − 1.217 0.032 0.900 − 1.530 0.034 0.609  
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self-reported data of EuropASI scale which may not be completely ac-
curate. Furthermore, EuropASI does not provide quantitative objective 
method to assess specific cannabinoids (mainly tetrahydrocannabinol 
and cannabidiol), which have different clinical effects (Hahn, 2018). 
Subjects included in the analyses are exclusively of European ancestry, 
and therefore the implications of the present findings may not be 
generalizable to other ancestries. However, this study comprises one of 
the largest and best characterized FEP samples in the literature, with a 
naturalistic design and thus representative of the psychiatric population. 
Exhaustive assessment during a considerably long follow-up period en-
ables a complete exploration of the association between cannabis use 
and symptom evolution after the FEP and cannabis PRS. Furthermore, 
these PRS have been calculated with large GWAS from international 
consortiums and thus the comprised genetic variants have a great ca-
pacity to capture the genetic susceptibility of the phenotypes. 

In the present study, cannabis initiation was linked to earlier FEP 
onset and the progression of positive psychotic symptoms. Interestingly, 
the genetic liability for cannabis use disorder was linked to the pattern of 
consumption at baseline, but not at follow-up, opening the door to new 
strategies for cannabis use cessation in FEP. Intriguingly, the genetic 
susceptibility for lifetime cannabis initiation were not associated with its 
use but with the progression of general (anxious and depressive) and 
negative symptoms. If confirmed, these findings on general and negative 
symptoms would contribute to personalized intervention since FEP 
onset. 
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Vidal, J., Alonso, A., Rabella, M., Ortega, I.G., López, P., Barcones, M.F., De-La- 
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Nacher, J., Olmeda, M.S., Parellada, M., González Peñas, J., Pignon, B., Rapado, M., 
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Montejo, L., Anmella, G., Castro-Fornieles, J., de la Serna, E., Contreras, F., Sáiz- 
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Jimenez, R., Morales-Muñoz, I., Gutierrez, M., Zabala, A., Sarró, S., Landin- 
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Männistö, S., Müller-Myhsok, B., Murray, A., Nurnberger, J., Palotie, A., Preuss, U., 
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