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. Introduction 

ven though cognitive deficits are not included among the 
ore features of schizophrenia, it has been estimated that 
pproximately 80% of psychotic patients exhibit clinically 
ignificant impairments in this area ( McCleery and Nuechter- 
ein, 2019 ). Both neurocognition (e.g., attention, reason- 
ng, speed of processing, memory) and social cognition 
e.g., theory of mind, emotion processing) can be affected 
 Green et al., 2019 ), with significant negative impact on 
eal-life functioning ( Fett et al., 2011 ; Galderisi et al., 
020 ; Mucci et al., 2021 ). Among the domains of social 
ognition, facial emotion recognition (FER) has been ex- 
ensively studied over the last years ( Green et al., 2019 ). 
ER is defined as the ability to effectively identify emotions 
n others’ facial expressions ( Green et al., 2019 ) and rep- 
esents a key skill for social interactions and functioning 
 Halverson et al., 2019 ). Evidence has shown that FER per- 
ormance is impaired not only in patients with schizophre- 
ia ( Maat et al., 2015 ) but also in their first-degree relatives 
 Fusar-Poli et al., 2022 ; Martin et al., 2020 ). 
A multitude of genetic ( Schizophrenia Working Group of 

he Psychiatric Genomics Consortium, 2022 ) and environ- 
ental factors ( Stilo and Murray, 2019 ), as well as their in- 
eraction ( Guloksuz et al., 2019 ; Pries et al., 2020 , 2019 ;
an Os et al., 2020 ), are implicated in the etiopathology 
f schizophrenia. Among environmental factors, cannabis 
se has been associated with the onset, progression, and 
utcome of psychotic disorders ( Belbasis et al., 2018 ; 
asan et al., 2020 ; van Os et al., 2021 ). The risk of psychosis
s doubled in people with a history of lifetime cannabis 
49 
ompanied with social cognitive disturbances. Cannabis rep- 
mental factor associated with the onset and progression of 
s-sectional study aimed to investigate the association of facial 
rmance with cannabis use in 2039 patients with schizophrenia, 
 controls (HC). FER performance was measured using the De-
n Task (DFAR). Better FER performance as indicated by higher 
 with lifetime regular cannabis use in schizophrenia ( B = 1.36,
= 2.17, 95% CI 0.79 to 3.56), and HC ( B = 3.10, 95% CI 1.14 to
d between DFAR-total and current cannabis use. Patients with 
e cannabis after the age of 16 showed better FER performance
r ( B = 2.50, 95% CI 0.15 to 4.84) and non-users ( B = 3.72, 95
ormance was found also in siblings who started to use cannabis
 ( B = 2.37, 95% CI 0.58 to 4.16), while HC using cannabis per-
 DFAR-total regardless of the age at onset. Our findings suggest
se may be associated with better FER regardless of the psy-
e moderated by age at first use in people with higher genetic
arify whether there is a cause-and-effect relationship between 
ce in psychotic and non-psychotic samples. 
Author(s). Published by Elsevier B.V. 
access article under the CC BY license 
censes/by/4.0/ ) 

se and quadrupled in the heaviest cannabis users compared 
ith non-users ( Marconi et al., 2016 ). Moreover, the onset 
f psychotic disorders is on average two to three years ear- 
ier in cannabis users ( Large et al., 2011 ; Myles et al., 2012 ).
inally, cannabis use has been associated with increased re- 
apse rates, more hospitalizations, and more pronounced 
ositive symptoms in patients with psychosis ( Hasan et al., 
020 ). 
Although the link between cannabis use and schizophre- 

ia has been shown consistently, the association between 
ocial cognition and cannabis use appears more complex. 
n healthy individuals, emotion recognition has been re- 
orted to be slower ( Platt et al., 2010 ) and less accu-
ate ( Hindocha et al., 2014 ) in frequent cannabis users 
ompared to non-users. In psychosis, findings are con- 
rasting. Sánchez-Torres et al. (2013) reported a nega- 
ive association between cannabis use and social cogni- 
ion in patients with schizophrenia spectrum disorders. 
onversely, other authors reported higher social cognitive 
kills in cannabis users than in non-users, both in chronic 
chizophrenia ( Martin et al., 2016 ) and first-episode psy- 
hosis ( Arnold et al., 2015 ). Moreover, fMRI findings showed 
hat a higher number of neural regions associated with so- 
ial cognition are activated in psychotic patients with co- 
orbid substance use disorder (alcohol and/or cannabis) 
ompared to patients without substance use ( Potvin et al., 
007 ). Focusing on FER, one study demonstrated that life- 
ime cannabis use was associated with better performance 
n FER in patients with schizophrenia, siblings, and healthy 
ontrols ( Meijer et al., 2012 ). To our knowledge, no other
tudies have been specifically conducted on the associ- 
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tion between FER and cannabis use in patients with 
sychosis. 
The present study aimed to investigate the association 

f FER performance with cannabis use patterns in patients 
ith schizophrenia, their unaffected siblings, and healthy 
ontrols. 

. Experimental procedures 

he reporting of this study conforms to STrengthening 
he Reporting of OBservational studies in Epidemiology 
STROBE) statement ( von Elm et al., 2008 ). 

.1. Study participants 

ata were derived from the Workpackage 6 (WP6) of the 
uropean Network of National Networks studying Gene- 
nvironment Interactions in Schizophrenia (EUGEI) ( van Os 
t al., 2014 ) and the Genetic Risk and Outcome for Psychosis 
GROUP) studies, collected using uniform assessment sched- 
les between 2010 and 2015 in the Netherlands, Turkey, 
pain, and Serbia ( Korver et al., 2012 ). EUGEI WP6 (“vulner- 
bility and severity”) was a cross-sectional study specifically 
onducted to investigate gene-environment interactions un- 
erlying the vulnerability and severity of schizophrenia 
pectrum disorder and its intermediate phenotypes in a 
amily-based setting (i.e., cases and their siblings). GROUP 
as a naturalistic longitudinal cohort study that started in 
004 in the Netherlands and Dutch-speaking part of Belgium 

nd collected data of cases, their siblings and controls at 
aseline, 3, and 6 years follow-ups over an approximate 10- 
ear period. 
Both projects were approved by the Medical Ethics Com- 
ittees of all participating sites and conducted in accor- 
ance with the Declaration of Helsinki. All respondents pro- 
ided written informed consent and, in the case of minors, 
uch a consent was also obtained from parents or legal 
uardians. 
In the EUGEI WP6 sample, patients were diagnosed with 

chizophrenia spectrum disorders according to the DSM-IV- 
R (average duration of illness since age of first contact 
ith mental health services = 9.9 years) ( Guloksuz et al., 
019 ). In the GROUP sample, over 65% of patients were di- 
gnosed with schizophrenia and 11% with schizoaffective 
isorder ( Korver et al., 2012 ). Diagnoses were confirmed 
y the Operational Criteria Checklist for Psychotic and Af- 
ective Illness ( McGuffin et al., 1991 ) in EUGEI WP6, and 
y the Schedules for Clinical Assessment in Neuropsychia- 
ry ( Wing et al., 1990 ) or the Comprehensive Assessment of 
ymptoms and History ( Andreasen et al., 1992 ) in GROUP. 
nrelated controls with no lifetime psychotic disorder were 
ecruited from the same population as the cases. Exclusion 
riteria for all participants were a diagnosis of psychotic dis- 
rder due to another medical condition, a history of head 
njury with loss of consciousness, and an intelligence quo- 
ient (IQ) < 70. 
The current analyses used a merged dataset of GROUP 

aseline data and EUGEI WP6 cross-sectional data including 
039 patients with schizophrenia, 2141 siblings, and 2049 
nrelated healthy controls. 
50 
.2. Assessment of facial emotion recognition 

FER) 

he Degraded Facial Affect Recognition Task (DFAR) was 
sed as a measure of FER (i.e., the main outcome). This 
erformance-based social cognition task measures emo- 
ional face recognition in degraded photographs. Subjects 
ere presented with photographs of four individuals (two 
ales and two females), depicting emotional facial expres- 
ion. Subjects were asked to indicate the expression of each 
ace and to respond as accurately as possible. The pho- 
ographs of the faces were passed through a filter result- 
ng in a reduced visual contrast by 30%. This method was 
dopted to increase difficulty and enhance the contribu- 
ion of perceptual expectancies and interpretation. Sub- 
ects were presented with 64 trials (16 for each condition: 
ngry, happy, fearful and neutral) ( van ’t Wout et al., 2004 ).
he percentage of total correct answers (DFAR-total) was 
he primary outcome of interest. Exploratory analyses were 
onducted on the percentages of correct answers per emo- 
ion domain (i.e., DFAR-neutral, happy, fearful, and angry). 
igher scores on the DFAR indicate a better ability to recog- 
ize facial expressions of a particular emotion. As DFAR was 
onsidered the main outcome, subjects with missing data 
n DFAR-total scores and susbscales were excluded from the 
nalyses. 

.3. Assessment of cannabis use 

annabis use was assessed using three main instruments: 
he Cannabis Experiences Questionnaire (CEQ), modified 
ersion ( Barkus et al., 2006 ) in EUGEI-WP6; the Com- 
osite International Diagnostic Interview (CIDI), L section 
 Robins et al., 1988 ), and urinalysis in GROUP. Three vari- 
bles were considered: 1) lifetime regular cannabis use; 2) 
urrent cannabis use; 3) age at first cannabis use. 
To evaluate lifetime cannabis use, following previous 
ork ( Erzin et al., 2021 ; Guloksuz et al., 2019 ; Pries et al.,
018 , 2019 ; Radhakrishnan et al., 2019 ; van Winkel, 2011 ),
 binary regular cannabis use variable was constructed by 
sing the cut-off value of one or more per week during the 
ifetime period of most frequent use, according to CEQ or 
IDI self-report. 
In EUGEI-WP6, current cannabis use was assessed using 

he CEQ item 15.4 (“Do you currently use cannabis?”). In 
ROUP, participants were considered current users if THC 

as detected in urinalysis. Urine was screened for the pres- 
nce of THC with a cut off of 50 ng/ml, in order to infer a
etection window of 1 month. 
Age at onset of cannabis use was evaluated using the 

EQ (EUGEI-WP6) or CIDI (GROUP). Conforming to previ- 
us research ( Dahlgren et al., 2016 ; Gruber et al., 2012 ;
agar et al., 2015 ), the sample was divided into three cat- 
gories: non-users; early onset users ( < 16 years old); late 
nset users ( ≥ 16 years old). 

.4. Statistical analyses 

tata software version 16.0 was used for the analysis 
 StataCorp, 2019 ). Analyses were stratified by the sub- 
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Table 1 Characteristics of participants. 

Patients ( n = 2039) Siblings ( n = 2141) Healthy controls ( n = 2049) Total ( N = 6229) 

Age, M (SD) 30.56 (8.77) 31.12 (9.45) 32.96 (10.58) 31.54 (9.68) 
Sex, male n (%) 1454 (71.31) 965 (45.07) 1016 (49.59) 3435 (55.15) 
Country, n (%) 

Turkey 587 (28.79) 619 (28.91) 1029 (50.22) 2235 (35.88) 
Spain 410 (20.11) 494 (23.07) 428 (20.89) 1332 (21.38) 
Serbia 52 (2.55) 54 (2.52) 46 (2.24) 152 (2.44) 
Netherlands 990 (48.55) 974 (45.49) 546 (26.65) 2510 (40.30) 

Education, n (%) 
No qualifications 175 (8.85) 103 (4.92) 42 (2.09) 320 (5.26) 
With qualifications 523 (26.45) 379 (18.11) 383 (19.05) 1285 (21.13) 
Tertiary 513 (25.95) 400 (19.11) 431 (21.44) 1344 (22.11) 
Vocational 549 (27.77) 688 (32.87) 638 (31.74) 1875 (30.84) 
University 217 (10.98) 523 (24.99) 516 (25.67) 1256 (20.66) 

DFAR-total, M (SD) 66.42 (13.71) 72.43 (11.82) 73.91 (15.86) 70.95 (14.23) 
DFAR-neutral, M (SD) 71.82 (23.13) 77.84 (18.51) 79.40 (20.67) 76.38 (21.07) 
DFAR-happy, M (SD) 85.18 (16.47) 88.36 (13.50) 87.33 (17.56) 86.98 (15.95) 
DFAR-angry, M (SD) 62.05 (22.24) 69.41 (20.65) 70.29 (23.50) 67.29 (22.44) 
DFAR-fearful, M (SD) 46.84 (21.46) 54.37 (20.53) 58.88 (21.87) 53.39 (21.84) 
Patterns of cannabis use, n (%) 
Lifetime regular use 739 (38.37) 312 (15.18) 193 (9.67) 1244 (20.81) 
Current use 197 (10.54) 135 (6.79) 114 (5.72) 446 (7.63) 
Age at first use < 16 years old 206 (13.42) 128 (7.02) 123 (6.46) 457 (8.68) 
Age at first use ≥16 years old 363 (23.65) 333 (18.26) 252 (13.23) 948 (18.01) 
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roups: patients, unaffected siblings, and healthy controls. 
inear regression models were fitted with DFAR-total (pri- 
ary outcome) and domain scores (secondary exploratory 
nalyses) as the dependent variables and cannabis use pat- 
erns as the independent variables. All analyses were a 
riori adjusted for age, sex, country (Turkey, Spain, the 
etherlands, and Serbia), and took into account of clus- 
ering of observations within families using the Stata “clus- 
er” option. We reported unstandardized regression coeffi- 
ients ( B ). The analyses were also conducted on multiple 
mputed data (See Supplementary Table S1 for the missing 
ata frequencies). Following the previous analyses in this 
ataset ( Guloksuz et al., 2019 ; Pries et al., 2020 ), the multi-
le imputation chained equation ( Royston and White, 2011 ) 
as applied with 20 imputations restricted to in-range 
alues (relative efficiency ≥ 99%) and analyses were run 
n multiple imputed data and pooled using Rubin’s rules 
 Rubin, 2004 ). 

. Results 

.1. Descriptive statistics 

eneral characteristics of the sample, DFAR scores, and pat- 
erns of cannabis use are reported in Table 1 . 

.2. Association between DFAR and lifetime 

egular cannabis use 

djusted linear regressions evaluating the association be- 
ween DFAR scores and lifetime regular cannabis use are 
51 
resented in Table 2 . DFAR-total scores were positively as- 
ociated with lifetime regular cannabis use in patients with 
chizophrenia ( B = 1.36, 95% CI 0.02 to 2.69, p = 0.046), sib-
ings ( B = 2.17, 95% CI 0.79 to 3.56, p = 0.002), and healthy
ontrols ( B = 3.10, 95% CI 1.14 to 5.06, p = 0.002). 
In secondary exploratory analyses, a positive association 
as found between lifetime cannabis use and DFAR-neutral 
n siblings ( B = 3.56, 95% CI 1.55 to 5.57, p = 0.001) and
ealthy controls ( B = 3.93, 95% CI 1.37 to 6.49, p = 0.003).
FAR-happy was also associated with lifetime cannabis use 
n patients ( B = 1.71, 95% CI 0.06 to 3.37, p = 0.04) and
ealthy controls ( B = 2.83, 95% CI 0.41 to 5.25, p = 0.02).
esults from the imputed data are reported in Table S2 . 

.3. Association between DFAR and current 
annabis use 

s reported in Table 3 , no significant associations be- 
ween DFAR-total scores and current cannabis use were 
ound. Secondary analyses showed that current cannabis 
se was positively associated with DFAR-happy in patients 
ith schizophrenia ( B = 2.25, 95% CI 0.33 to 4.16, p = 0.02)
ut not in the other groups. A sensitivity analysis conducted 
n 894 patients, 891 siblings, and 520 healthy controls, for 
hich results from urinalysis were available, confirmed the 
ack of significant associations between DFAR-total scores 
nd current cannabis use. In this subgroup, secondary ex- 
loratory analyses showed significantly lower DFAR-fearful 
cores in patients with schizophrenia who were currently 
sing cannabis compared with non-users ( B = −4.32, 95% 

I −7.66 to −0.98, p = 0.01) and significantly higher DFAR- 
appy scores in siblings who were currently using cannabis 
ompared with non-users ( B = 2.85, 95% CI 0.53 to 5.18, 
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Table 2 Association between the DFAR scores and lifetime regular cannabis use. 

Patients Siblings Healthy controls 

B 95% CI P B 95% CI P B 95% CI P 

DFAR-total (primary outcome) 1.36 0.02, 2.69 0.046 ∗ 2.17 0.79, 3.56 0.002 ∗ 3.10 1.14, 5.06 0.002 ∗

Subscales (secondary exploratory analyses) 
DFAR-neutral 0.91 −1.20, 3.02 0.40 3.56 1.55, 5.57 0.001 ∗ 3.93 1.37, 6.49 0.003 ∗

DFAR-happy 1.71 0.06, 3.37 0.04 ∗ 1.15 −0.40, 2.71 0.15 2.83 0.41, 5.25 0.02 ∗

DFAR-fearful 2.00 −0.15, 4.15 0.07 1.36 −1.22, 3.94 0.30 2.17 −0.89, 5.24 0.16 
DFAR-angry 0.83 −1.45, 3.11 0.48 2.61 −0.06, 5.28 0.05 3.30 −0.07, 6.67 0.05 

Legend: CI = Confidence Interval; DFAR = Degraded Facial Affect Recognition task; ∗ P < 0.05. All models were adjusted for age, sex, 
country (Turkey, Spain, the Netherlands, and Serbia), and took into account of clustering of observations within families. 

Table 3 Association between DFAR scores and current cannabis use. 

Patients Siblings Healthy controls 

B 95% CI P B 95% CI P B 95% CI P 

DFAR-total (primary 
outcome) 

−0.06 −1.66, 1.55 0.95 0.53 −1.76, 2.83 0.65 2.08 −0.64, 4.80 0.13 

Subscales (secondary exploratory analyses) 
DFAR-neutral −0.92 −3.92, 2.08 0.55 0.22 −2.88, 3.32 0.89 2.92 −0.51, 6.36 0.09 
DFAR-happy 2.25 0.33, 4.16 0.02 ∗ 0.70 −2.19, 3.60 0.63 0.51 −2.92, 3.95 0.77 
DFAR-fearful −2.57 −5.51, 0.37 0.09 1.10 −2.68, 4.87 0.57 0.44 −3.33, 4.21 0.82 
DFAR-angry 1.01 −1.96, 3.98 0.51 0.11 −3.98, 4.21 0.96 4.16 −0.10, 8.43 0.06 

Legend: CI = Confidence Interval; DFAR = Degraded Facial Affect Recognition task; ∗ P < 0.05. All models were adjusted for age, sex, 
country (Turkey, Spain, the Netherlands, and Serbia), and took into account of clustering of observations within families. 
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 = 0.02). Results from the sensitivity analysis are reported 
n Table S3 . Results from the imputed analyses are reported 
n Table S4 . 

.4. Association between DFAR and age at first 
annabis use 

inear regression models revealed significantly higher DFAR- 
otal scores in patients ( B = 3.72, 95% CI 1.96 to 5.49, p <

.001), siblings ( B = 2.37, 95% CI 0.58 to 4.16, p = 0.01)
nd healthy controls ( B = 4.25, 95% CI 1.96 to 6.53, p <

.001) who started using cannabis after the age of 16 years 
ld compared to the reference group: non-users ( Table 4 ). 
oreover, patients with schizophrenia who started using 
annabis after 16 years of age had significantly higher to- 
al scores than those who started earlier ( B = 2.50, 95% CI 
.15 to 4.84, p = 0.04). DFAR-total were higher in healthy 
ontrols who started using cannabis before 16 years old 
 B = 3.92, 95% CI 0.95 to 6.89, p = 0.01) compared to non-
sers. 
Secondary exploratory analyses for DFAR subscales 

howed similar patterns of association as for DFAR-total, 
ith for DFAR-neutral significantly higher scores in patients 

 B = 5.20, 95% CI 2.39 to 8.01, p < 0.001), siblings ( B = 4.10,
5% CI 1.68 to 6.51, p < 0.001), and healthy controls 
 B = 5.39, 95% CI 2.42 to 8.37, p < 0.001) who started
sing cannabis after the age of 16 compared to non-users. 
dditionally, patients with schizophrenia who started using 
annabis after the age of 16 had significantly higher scores 
han those who started earlier ( B = 5.18, 95% CI 1.44 to 
.92, p = 0.007). In healthy controls, a better performance 
52 
n DFAR-neutral was found also in cannabis users who started 
efore the age of 16 compared to non-users ( B = 6.09, 95%
I 2.21 to 9.97, p = 0.002). Patients with schizophrenia 
ho started using cannabis at or after 16 years had a bet-
er DFAR-happy performance than non-users ( B = 2.96, 95% 

I 0.81 to 5.10, p = 0.007). A similar positive association 
as found for healthy controls who started using cannabis 
fter 16 years of age compared with non-users ( B = 2.78, 
5% CI 0.06 to 5.49, p = 0.04). Scores in both DFAR-fearful
 B = 3.02, 95% CI 0.15 to 5.89, p = 0.04) and DFAR-angry
 B = 3.65, 95% CI 0.78 to 6.52, p = 0.01) were signifi-
antly higher in patients with schizophrenia who started us- 
ng cannabis after the age of 16 compared to non-users. In 
iblings, no significant associations with the age at onset of 
annabis use were found. In healthy controls, DFAR-angry 
cores were greater in cannabis users who started at or af- 
er 16 years than non-users ( B = 6.27, 95% CI 2.63 to 9.92,
 < 0.001). Results from the imputed analyses are reported 
n Table S5 . 

. Discussion 

he present study aimed to evaluate the association be- 
ween FER and lifetime regular cannabis use, current 
annabis use, and age at first cannabis use in patients with 
chizophrenia, their unaffected siblings, and healthy con- 
rols. The results show that a history of lifetime regular 
annabis use, but not current cannabis use, is associated 
ith better performance in total FER in all three groups. 
oreover, this association seems to be moderated by the age 
t onset of cannabis use in patients and siblings. Patients 
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Table 4 Association between DFAR scores and age at first cannabis use. 

Patients Siblings Healthy controls 

B 95% CI P B 95% CI P B 95% CI P 

DFAR-total 
(primary 
outcome) 

< 16 years vs 
non-users † 

1.23 −0.88, 3.33 0.25 0.48 −1.98, 2.93 0.70 3.92 0.95, 6.89 0.01 ∗

≥ 16 years vs 
non-users 

3.72 1.96, 5.49 < 0.001 ∗ 2.37 0.58, 4.16 0.01 ∗ 4.25 1.96, 6.53 
< 0.001 ∗

≥ 16 years vs < 

16 years 
2.50 0.15, 4.84 0.04 ∗ 1.89 −0.94, 4.73 0.19 0.33 −2.62, 3.28 0.83 

Subscales (secondary exploratory analyses) 
DFAR-neutral < 16 years vs 

non-users † 
0.01 −3.56, 3.59 0.99 1.28 −2.43, 5.01 0.50 6.09 2.21, 9.97 0.002 ∗

≥ 16 years vs 
non-users 

5.20 2.39, 8.01 < 0.001 ∗ 4.10 1.68, 6.51 
0.001 ∗

5.39 2.42, 8.37 
< 0.001 ∗

≥ 16 years vs < 

16 years 
5.18 1.44, 8.92 0.007 ∗ 2.81 −1.20, 6.82 0.17 −0.70 −4.42, 3.02 0.71 

DFAR-happy < 16 years vs 
non-users † 

1.98 −0.64, 4.61 0.14 1.21 −2.04, 4.46 0.46 3.66 −0.05, 7.36 0.05 

≥ 16 years vs 
non-users 

2.96 0.81, 5.10 0.007 ∗ 1.83 −0.29, 3.95 0.09 2.78 0.06, 5.49 0.04 ∗

≥ 16 years vs < 

16 years 
0.97 −1.92, 3.87 0.51 0.61 −3.03, 4.26 0.74 −0.88 −4.55, 2.79 0.64 

DFAR-fearful < 16 years vs 
non-users † 

1.70 −1.71, 5.11 0.33 −1.48 −5.24, 2.29 0.44 1.78 −2.45, 6.01 0.41 

≥ 16 years vs 
non-users 

3.02 0.15, 5.89 0.04 ∗ 0.85 −1.84, 3.54 0.54 2.60 −0.76, 5.97 0.13 

≥ 16 years vs < 

16 years 
1.32 −2.45, 5.10 0.49 2.33 −1.73, 6.39 0.26 0.82 −3.36, 5.01 0.70 

DFAR-angry < 16 years vs 
non-users † 

1.04 −2.50, 4.58 0.56 0.77 −3.38, 4.93 0.71 4.28 −0.71, 9.27 0.09 

≥ 16 years vs 
non-users 

3.65 0.78, 6.52 0.01 ∗ 2.59 −0.43, 5.62 0.09 6.27 2.63, 9.92 0.001 ∗

≥ 16 years vs < 

16 years 
2.61 −1.20, 6.41 0.18 1.82 −2.85, 6.49 0.44 1.99 −2.93, 6.92 0.43 

Legend: CI = Confidence Interval; DFAR = Degraded Facial Affect Recognition task; ∗ P < 0.05; † The second group is the reference 
group. All models were adjusted for age, sex, country (Turkey, Spain, the Netherlands, and Serbia), and took into account of clustering of 
observations within families. 
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nd their unaffected siblings, in fact, showed no significant 
ifferences compared to non-users when age at onset of 
annabis use was lower than 16 years. In contrast, healthy 
ontrols who used cannabis showed better performance in 
ER regardless the age they started using cannabis. 
Our findings are in line with previous studies showing that 

ong-term cannabis use is positively associated with social 
ognition ( Arnold et al., 2015 ), and more specifically to FER 
 Meijer et al., 2012 ). One possible explanation is that regu- 
ar cannabis users need to maintain superior social cognitive 
kills to obtain the illicit substance ( Potvin et al., 2008 ). An- 
ther hypothesis is that genetic vulnerability to schizophre- 
ia may be less pronounced in cannabis-using patients with 
chizophrenia than in those who have never used cannabis 
 Meijer et al., 2012 ). Indeed, it has been shown that pre- 
orbid cognitive functioning is better in psychotic patients 
hat use cannabis than in non-users ( Ferraro et al., 2013 ), 
uggesting lower vulnerability in the former group. Conse- 
uently, it could be hypothesized that people with relatively 
ower genetic vulnerability (i.e., cannabis users) present 
etter FER performance. 
53 
It is worth mentioning that the degree of the asso- 
iation between lifetime regular cannabis use and FER 
as greater in siblings than patients and even greater in 
ealthy controls, as indicated by larger unstandardized re- 
ression coefficients (B). These differences might be driven 
y specific patterns of gene-environment and environment- 
nvironment interactions. It is also likely that unmeasured 
enetic and environmental vulnerability might explain the 
tronger association in siblings and healthy controls. In fact, 
t cannot be excluded that other environmental risk or pro- 
ective factors not investigated in the present study may 
ontribute to the FER performance. For instance, it has 
een recently shown that individuals at ultra-high risk for 
sychosis with a history of peer-bullying performed better in 
FAR-total; conversely, those who reported emotional abuse 
ad decreased DFAR-total scores ( Tognin et al., 2020 ). Fu- 
ure studies may clarify the individual and synergistic im- 
act of different environmental factors on FER ability. 
The composition of cannabis itself could further explain 

he association between lifetime regular cannabis use and 
ore accurate FER performance. Cannabis contains over a 
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undred different cannabinoids, the most important being 
elta-9 tetrahydrocannabinol (THC) and cannabidiol (CBD). 
HC is known to be responsible for the main psychotropic 
ffect; CBD is a non-psychotropic compound with an- 
ipsychotic and pro-cognitive properties ( Colizzi and Bhat- 
acharyya, 2017 ). Cannabinoids exert their properties on 
uman organism by acting on the endocannabinoid system 

ECS), a complex network of lipids that seems imbalanced 
n psychotic disorders ( Minichino et al., 2019 ). Interest- 
ngly, there is also evidence that the ECS is a key modulator 
f emotions and cognition ( Campolongo and Trezza, 2012 ; 
arco and Laviola, 2012 ; Zanettini et al., 2011 ). In fact, 
annabinoid receptors are highly expressed in regions in- 
olved in perceptual emotional processing, such as the oc- 
ipital and temporal lobes, as well as in regions involved in 
motion recognition and generation of emotional reactions 
he amygdala and orbital frontal cortex ( Bossong et al., 
013 ; Herkenham et al., 1991 ; Katona et al., 2001 ). 
The acute administration of CBD and THC causes dif- 

erent effects in healthy subjects ( Colizzi and Bhat- 
acharyya, 2017 ; Rossi et al., 2020 ). To the best of our 
nowledge, no study has specifically evaluated the sepa- 
ate effects of CBD or THC on FER performance in patients 
ith schizophrenia. Only, Hindocha et al. (2015) have inves- 
igated the acute effect of CBD and THC in a sample of 48 
articipants (half occasional, half heavy users) that were di- 
ided into two groups according to the level of schizotypal 
raits (high vs. low). In their study, THC impaired FER perfor- 
ance, whereas CBD improved accuracy of FER and signifi- 
antly reduced the negative effect of THC on face recogni- 
ion. Schizotypy or frequency of cannabis use did not impact 
ER performance. Although our study was different in terms 
f the design (observational vs. experimental), the study 
opulation (schizophrenia, siblings, and healthy controls vs. 
igh/low schizotypy), the period of cannabis use (long-term 

s. acute administration), and cannabis exposure (cannabis 
s a whole compound vs. CBD and THC separately), we can- 
ot exclude the possibility that the regular use of CBD may 
ounteract the detrimental effects of THC in the whole 
annabis compound. Indeed CBD has shown some benefits 
or psychoses ( Schoevers et al., 2020 ) and other psychiatric 
isorders ( Bonaccorso et al., 2019 ; Fusar-Poli et al., 2020 ). 
evertheless, the increasing use of cannabis with high THC 

oncentration seen over the last 15 years ( ElSohly et al., 
016 ; Freeman et al., 2021 ) makes this hypothesis unlikely. 
nimal models have also shown that CBD may act as a par- 
ial dopamine agonist, which might account for the clinical 
ntipsychotic effects ( Seeman, 2016 ). Future randomized 
ontrol trials are required to investigate the effects of CBD 

n social cognition in the population with psychosis. These 
tudies should evaluate not only the effects of acute admin- 
stration but also the longer-term effects of CBD on FER and 
ther social cognitive domains. 
It is worth mentioning that current cannabis use was 

ot associated with total FER performance in any of the 
hree groups in our study, in line with the previous findings 
 Meijer et al., 2012 ). However, the proportion of current 
annabis users was relatively smaller compared to lifetime 
egular users (7.63% vs. 20.81% of the sample for which data 
ere available) and might lack statistical power. 
The age at first cannabis use influenced the impact of 

annabis on FER in patients with schizophrenia and sib- 
54 
ings, but not in controls. Specifically, compared with the 
on-users as the reference group, FER in all three groups 
ere greater in those with a cannabis use onset after 16, 
hereas starting cannabis at a younger age was associated 
ith better FER only in the control group. This finding may 
ndicate that the effects of cannabis use on social cognition 
re age-dependent in people with higher psychosis vulner- 
bility ( Gorey et al., 2019 ). This could be related to the
ommon use of products with lower CBD:THC ratios among 
dolescents ( Ueno et al., 2021 ). Therefore, subjects with 
igher psychosis vulnerability could be particularly affected 
y THC at a younger age without the potentially beneficial 
ffect of CBD. Indeed adolescence represents a sensitive 
eurodevelopmental window in which ECS modulation may 
redispose to the onset of schizophrenia ( Zamberletti and 
ubino, 2021 ). 
FER deficits seem to be more pronounced for perception 

f negative than positive emotions both in patients with 
chizophrenia ( Addington et al., 2006 ) and their first-degree 
elatives ( Martin et al., 2020 ). In our sample, lifetime reg- 
lar cannabis use was not only significantly associated with 
etter performance in DFAR-total scores but also with the 
eutral (siblings and controls) and happy (patients and con- 
rols) subscales. On the contrary, no significant association 
etween cannabis use and emotions with negative valence 
i.e., fearful and angry) was observed. This finding provides 
urther support to the hypothesis that cannabinoids interact 
ith emotional content, inducing a shift from a bias for neg- 
tive emotional content towards positive emotional content 
 Bossong et al., 2014 , 2013 ). On the one hand, they suggest
 possible role for the ECS in abnormal emotional process- 
ng; on the other hand, they provide indirect evidence for an 
nvolvement of ECS in FER deficits experienced by patients 
ith schizophrenia ( Bossong et al., 2013 ). 
To our knowledge, this is the largest study that specifi- 

ally focused on the association between cannabis use and 
ER. Moreover, it is the first to examine the association be- 
ween cannabis use and the recognition of specific emo- 
ions, as well as the association between FER and age of 
rst cannabis use. Nevertheless, some limitations should be 
iscussed. First, the study had a cross-sectional design, thus 
ot allowing us to infer any causal link between cannabis use 
nd FER performance. Future longitudinal analyses might 
dditionally evaluate whether differences in pharmacolog- 
cal treatment (duration, combination, dose) influence FER 
erformance in large first-episode psychosis cohorts. Sec- 
nd, the patterns of cannabis use were collected using in- 
ormation reported by participants and might be subjected 
o recall bias, thus potentially underestimating the actual 
revalence of cannabis use. Third, current cannabis use was 
valuated differently in the two datasets (i.e., self-report 
n the EUGEI and urinalysis in the GROUP). However, results 
rom the sensitivity analysis conducted in the GROUP partic- 
pants were in accordance with the main findings and sub- 
tantially with exploratory analysis. Finally, we did not take 
nto account the amount and type of cannabis (e.g., hash, 
erbal, home-grown skunk, etc.) and thus the THC concen- 
ration. Therefore, any hypothesis regarding the impact of 
ifferent cannabinoids on social cognition is merely specu- 
ative. 
In conclusion, our findings revealed that the lifetime reg- 

lar use of cannabis may be associated with better accu- 
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acy in emotion recognition in patients with schizophrenia, 
heir unaffected siblings, and healthy controls, regardless 
f the psychosis expression. This association appeared to 
e dependent on the age of first cannabis use (after 16 
ears old) in the groups with greater genetic vulnerabil- 
ty to schizophrenia (i.e., patients and siblings). Our find- 
ngs are not in conflict with the large amount of evidence 
n support of the harmful effects of cannabis on physical 
nd mental health, as well as the negative social conse- 
uences ( Campeny et al., 2020 ). They provide further sup- 
ort for the involvement of the ECS in the patoethiology of 
chizophrenia ( Minichino et al., 2019 ) and the importance 
f evaluating social cognitive outcomes while testing the ef- 
ects of CBD in populations with psychosis ( Colizzi and Bhat- 
acharyya, 2017 ). Further prospective observational studies 
re required to investigate whether cannabis use is causally 
inked to FER, and if so, studies with experimental designs 
hould explore the underlying mechanisms. 
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Soygür, H. , Ula ̧s , H. , Cankurtaran, E. , Kaymak, S.U. , Mihal-
jevic, M.M. , Petrovic, S.A. , Mirjanic, T. , Bernardo, M. , Cabr- 
era, B. , Bobes, J. , Saiz, P.A. , García-Portilla, M.P. , Sanjuan, J. ,
Aguilar, E.J. , Santos, J.L. , Jiménez-López, E. , Arrojo, M. , 
Carracedo, A. , López, G. , González-Peñas, J. , Parellada, M. , 
Maric, N.P. , Atba ̧s o ̆glu, C. , Ucok, A. , Alptekin, K. , Saka, M.C. ,
Arango, C. , O’Donovan, M. , Rutten, B.P.F. , van Os, J. , Gu-
loksuz, S. , 2019. Estimating exposome score for schizophrenia 
using predictive modeling approach in two independent sam- 
ples: the results from the EUGEI study. Schizophr. Bull. 45, 
960–965 . 

adhakrishnan, R. , Guloksuz, S. , Ten Have, M. , de Graaf, R. , van
Dorsselaer, S. , Gunther, N. , Rauschenberg, C. , Reininghaus, U. , 
Pries, L.K. , Bak, M. , van Os, J. , 2019. Interaction between en-
vironmental and familial affective risk impacts psychosis ad- 
mixture in states of affective dysregulation. Psychol. Med. 49, 
1879–1889 . 

obins, L.N. , Wing, J. , Wittchen, H.U. , Helzer, J.E. , Babor, T.F. ,
Burke, J. , Farmer, A. , Jablenski, A. , Pickens, R. , Regier, D.A. ,
et al. , 1988. The Composite International Diagnostic Interview. 
An epidemiologic Instrument suitable for use in conjunction with 
different diagnostic systems and in different cultures. Arch. 
Gen. Psychiatry 45, 1069–1077 . 

ossi, G.N. , Osório, F.L. , Morgan, C.J. , Crippa, J.A.S. , 
Bouso, J.C. , Rocha, J.M. , Zuardi, A.W. , Hallak, J.E. , Dos 
Santos, R.G. , 2020. The effects of Cannabidiol (CBD) and 
Delta-9-Tetrahydrocannabinol (THC) on the recognition of emo- 
tions in facial expressions: a systematic review of randomized 
controlled trials. Neurosci. Biobehav. Rev. 118, 236–246 . 

oyston, P. , White, I.R. , 2011. Multiple imputation by chained equa- 
tions (MICE): implementation in Stata. J. Stat. Softw. 45, 1–20 . 

ubin, D.B. , 2004. Multiple Imputation for Nonresponse in Surveys. 
John Wiley & Sons . 

agar, K.A. , Dahlgren, M.K. , Gönenç, A. , Racine, M.T. , Dre- 
man, M.W. , Gruber, S.A. , 2015. The impact of initiation: early 
onset marijuana smokers demonstrate altered Stroop perfor- 
mance and brain activation. Dev. Cogn. Neurosci. 16, 84–92 . 

ánchez-Torres, A.M. , Basterra, V. , Rosa, A. , Fañanás, L. , 
Zarzuela, A. , Ibáñez, B. , Peralta, V. , Cuesta, M.J. , 2013. Life-
time cannabis use and cognition in patients with schizophrenia 
spectrum disorders and their unaffected siblings. Eur. Arch. Psy- 
chiatry Clin. Neurosci. 263, 643–653 . 

chizophrenia Working Group of the Psychiatric Genomics Consor- 
tium, 2022. Mapping genomic loci implicates genes and synaptic 
biology in schizophrenia. Nature 604, 502–508 . 

choevers, J. , Leweke, J.E. , Leweke, F.M. , 2020. Cannabidiol as a 
treatment option for schizophrenia: recent evidence and cur- 
rent studies. Curr. Opin. Psychiatry 33, 185–191 . 

eeman, P. , 2016. Cannabidiol is a partial agonist at dopamine 
D2High receptors, predicting its antipsychotic clinical dose. 
Transl. Psychiatry 6 e920 . 

tataCorp, 2019. Stata Statistical Software: Release 16. StataCorp 
LLC, College Station, TX . 

tilo, S.A. , Murray, R.M. , 2019. Non-genetic factors in schizophre- 
nia. Curr. Psychiatry Rep. 21, 1–10 . 

ognin, S. , Catalan, A. , Modinos, G. , Kempton, M.J. , Bilbao, A. ,
Nelson, B. , Pantelis, C. , Riecher-Rössler, A. , Bressan, R. , Bar- 
rantes-Vidal, N. , Krebs, M.O. , Nordentoft, M. , Ruhrmann, S. , 
Sachs, G. , Rutten, B.P.F. , van Os, J. , de Haan, L. , van der
Gaag, M. , McGuire, P. , Valmaggia, L.R. , 2020. Emotion recogni- 
tion and adverse childhood experiences in individuals at clinical 
high risk of psychosis. Schizophr. Bull. 46, 823–833 . 

eno, L.F. , Mian, M.N. , Altman, B.R. , Giandelone, E. , Luce, M. , Ear-
leywine, M. , 2021. Age-related differences in cannabis product 
use. J. Psychoact. Drugs 53, 312–318 . 
58 
an ’t Wout, M. , Aleman, A. , Kessels, R.P. , Larøi, F. , Kahn, R.S. ,
2004. Emotional processing in a non-clinical psychosis-prone 
sample. Schizophr. Res. 68, 271–281 . 

an Os, J. , Pries, L.K. , Ten Have, M. , de Graaf, R. , van Dors-
selaer, S. , Bak, M. , Wittchen, H.U. , Rutten, B.P.F. , Gulok-
suz, S. , 2021. Schizophrenia and the environment: within-per- 
son analyses may be required to yield evidence of unconfounded 
and causal association-The example of cannabis and psychosis. 
Schizophr Bull 47, 594–603 . 

an Os, J. , Pries, L.K. , Ten Have, M. , de Graaf, R. , van Dorsse-
laer, S. , Delespaul, P. , Bak, M. , Kenis, G. , Lin, B.D. , Luykx, J.J. ,
Richards, A.L. , Akdede, B. , Binbay, T. , Altınyazar, V. , 
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