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Objective: To test the hypothesis that genetic variations of cannabinoid receptors contribute to the
pathophysiology of cognitive deficits in schizophrenia.
Methods: In this genetic association case-control study, cannabinoid receptor polymorphisms CNR1
rs12720071 and CNR2 rs2229579 were tested for association with neurocognitive performance in
69 patients with schizophrenia and 45 healthy controls. Neurocognition was assessed by the Brief
Assessment of Cognition in Schizophrenia (BACS).
Results: We found a consistent association between CNR1 rs12720071 polymorphism and the
cognitive performance of patients in several cognitive domains. Patients with C/C polymorphism
presented significantly worse performance in motor speed, verbal fluency, attention/processing speed
and reasoning/problem solving.
Conclusion: Although limited, our data support the hypothesis that CNR1 variations may be
associated with the pathogenesis of cognitive deficits of schizophrenia.
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Introduction

Schizophrenia, a chronic psychiatric syndrome that affects
approximately 1% of the world population, involves highly
heterogeneous etiological, neurobiological, and clinical
aspects and is associated with varying degrees of
functional and social impairment. As a result, schizo-
phrenia is a major cause of disability worldwide.1,2

Multiple genetic and environmental factors interact with
each other and with neurodevelopment mechanisms to
cause the disease.3 The major role played by genetic
factors in schizophrenia is reflected by the disorder’s
high heritability, approximately 60 to 80%.4 The genetic
architecture of schizophrenia is complex, heterogeneous,
and polygenic, with risk given by a myriad of common
single nucleotide polymorphisms (SNPs), each with very
small individual effects, and unusual, but highly penetrat-
ing, genetic variants of great effect.5-7 Evidence suggests
that ‘‘schizophrenia genes’’ do not encode schizophrenia

per se, but rather broader clinical constructs such as
positive and negative symptoms or neurocognitive defi-
cits.8 To reduce the ‘‘noise’’ that phenotypic heterogeneity
brings to genetic studies, research efforts have been
redirected to the recognition of endophenotypes,9 i.e.,
biological traits that are disease-related but state-inde-
pendent and closer to genetic determinants than the
complete behavioral phenotype.10,11

Cognitive deficits have been proposed as endopheno-
types of schizophrenia.12 These stable, persisting deficits
strongly predict unfavorable functional outcomes,13,14 are
highly heritable,14 and can be found in attenuated forms in
first-degree healthy relatives. They are also presumably
genetically simpler than the behavioral phenotype and
can be reliably measured.15

Several lines of evidence implicate the endocannabinoid
system (EcS) in the pathophysiology of schizophrenia
(for a review, see Ferretjans et al.16). The EcS is involved in
lipid neuromodulation17 and plays an important role in
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central nervous system (CNS) processes, such as neuro-
development,18 regulation of neurotransmission,19 and
synaptic plasticity.20,21 Endocannabinoids act by interact-
ing with specific receptors. Cannabinoid receptor type 1
(CB1R) is expressed in greater quantity in the CNS. The
gene encoding CB1R (CNR1), located in chromosome
6 (6q14-q15), contains at least four exons, spans 25kb, and
has five isoforms.22,23 Conversely, expression of cannabi-
noid receptor type 2 (CB2R) is less common in the CNS,
occurring mainly in tissues and peripheral immune cells.24

Its gene (CNR2) is located in chromosome 1 (1p35-p36.1)
and contains three exons alternatively transcribed and
spliced to yield two isoforms.22,25

Genetic variants of cannabinoid receptors have been
associated with cognitive performance. A reduction in P300
wave amplitude was found in alcohol users homozygous
for the CNR1 (AAT)n repetition polymorphism.26 Similar
results were observed in healthy individuals who were
exposed to cannabis, which suggests involvement of CB1R
in neural mechanisms related to attention and working
memory.27CNR1 gene polymorphisms ([AAT]n variants
and rs2180619) have been associated with lower efficiency
of working memory, attentional processing and procedural
learning.28-31 Besides, an interaction between CNR1
rs1406977 polymorphism and cannabis use was asso-
ciated with prefrontal cortex connectivity32 and activity33

during working memory performance in healthy subjects.
Finally, cannabis use seems to change the relationship
between co-expression of a gene network involved in
endocannabinoid signaling and the efficiency of informa-
tion processing in neural networks that underlie the
cognitive processes involved in working memory in
healthy subjects.34 In healthy subjects, CNR1 variations
have been shown to increase the risk of experiencing
psychotic symptoms after using marijuana,35 and a
locus in CNR2 was associated with distressing psychotic
experiences in the general population.36 Two studies
have evaluated the possible influence of cannabinoid
receptor polymorphisms on the cognitive performance of
patients with schizophrenia. In the first study, three
CNR1 SNPs (including rs12720071) were associated
with worse cognitive performance and lower volume of
white matter in patients with schizophrenia.37 In the
second study, the CNR1 rs7766029 polymorphism was
associated with higher improvement in verbal memory
and attention after 18 months of treatment.38

Therefore, the evidence suggests that genetic variations
of cannabinoid receptors may contribute to the pathophy-
siology of cognitive deficits in schizophrenia. To investigate
this hypothesis, we performed a genetic association case-
control study, in which alleles and genotypes of one CNR1
polymorphism and one CNR2 polymorphism were tested
for association with neurocognitive performance in patients
with schizophrenia and healthy controls.

Methods

Subjects

Two separate, unrelated samples were recruited, com-
prising 69 patients with schizophrenia and 45 healthy

controls. Cases were recruited in two outpatient clinics
(Schizophrenia Outpatient Clinic at a teaching hospital,
Instituto Raul Soares/Fundação Hospitalar do Estado
de Minas Gerais, and Mental Health Outpatient Clinic in
Nova Lima, state of Minas Gerais), and controls were
recruited through advertisements in the community. The
inclusion criteria for patients were: 1) diagnosis of
schizophrenia according to DSM-IV criteria39 confirmed
by the Mini International Neuropsychiatric Interview
(MINI-plus)40,41; 2) age between 18-60 years; 3) clinical
stability. Controls were included if they were between
18-60 years of age and presented no criteria for current
psychiatric disorder, as confirmed by the MINI-plus.

Assessment procedures

Clinical assessment

Sociodemographic and clinical data were collected
through a semi-structured clinical interview by trained
research team members. Positive and negative symp-
toms were assessed using the Positive and Negative
Syndrome Scale (PANSS).42 Clinical stability was defined
as a PANSS positive score of 19 or less (and less than
4 in any item of the positive scale).

Cognitive assessment

Cognitive assessment was performed using the Brief
Assessment of Cognition in Schizophrenia (BACS).43

This battery was proposed to cover the major cognitive
domains affected in schizophrenia: verbal memory (word
list test); operational memory (digit sequencing test);
motor speed (token motor task); verbal fluency (semantic
or categorical fluency and phonetic or letter fluency);
attention and speed of information processing (symbol
coding task); and reasoning and problem solving (Tower
of London task). Higher scores indicate better perfor-
mance in specific skills. A composite score (BACS
composite) was calculated from the mean of the normal-
ized scores (z score, with mean = 0 and standard
deviation [SD] = 1) of the six individual BACS tests
(according to,43 page 287). Normalized scores were
drawn from a validated Brazilian Portuguese version of
BACS.44

Genetic analysis and genotyping

Patients and controls had 5 ml of blood collected by
venipuncture, using EDTA vacuum tubes and stored
at -20 oC until analysis. Genotyping experiments were
performed at the Molecular Psychiatry Laboratory at
Hospital de Clı́nicas de Porto Alegre (HCPA)/Universi-
dade Federal do Rio Grande do Sul (UFRGS), and all
materials and reagents were used as per manufacturers’
recommendations. Genomic DNA was extracted using a
commercial kit (Illustra Blood genomic prep, GE Health-
care 28-9042-64, GE Healthcare, Little Chalfont, Amer-
sham, UK). The kit promotes binding of the desired
nucleic acid to a silica membrane; once the DNA binds
to the membrane, a series of washes are performed to
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remove contaminants. In the last step of the protocol, the
DNA is eluted with nuclease free water. The amount and
purity of the obtained genomic DNA were evaluated by
spectrophotometry in Nanodrop (260/280 and 260/230).
All DNA samples were diluted and standardized to 1 ng/ml
of DNA. For the PCR preparation, 5 ml of Master Mix-
TaqMan (4371353, Applied Biosystems, Carlsbad, CA,
USA), 3.5 ml of nuclease free water, 0.5 ml of assay
available for each SNP analysis, and 1ml of DNA sample
were used, on the Applied Biosystems 7500 Real-Time
PCR Systems (Applied Biosystems, Carlsbad, CA, USA).
Genotyping of the cannabinoid receptor polymorphisms
was performed using a 5’ nuclease TaqMan allelic
discrimination assay: TaqMan® SNP Genotyping assay
rs12720071 (for CNR1) and rs2229579 (for CNR2) from
Applied Biosystems (by Life Technologies, Carlsbad, CA,
USA).

Polymorphisms rs12720071 and rs2229579 were cho-
sen based on the evidence of both possible involvement
with the risk of schizophrenia and possible contribution to
the genesis of cognitive deficits. CNR1 polymorphisms
have been associated with structural changes in CNS,45

and lower white matter volume and worse cognitive
performance.37 In turn, only contradictory evidence is
available regarding association of CNR2 SNP rs2229579
with schizophrenia (a positive and a negative result), and
its relation with cognitive performance has not yet been
tested. CNR1 rs12720071 (T 4 C) polymorphism has
two alleles (T and C) and three possible genotypes (T/T,
T/C and C/C), while CNR2 rs2229579 (G 4 A) polymorph-
ism has G and A alleles and the G/G, G/A and A/A
genotypes.

Statistical analysis

Continuous variables were expressed as means and
standard deviation or medians and range of variation,
as appropriate. Categorical variables were expressed
as proportions. Normal distribution of variables was
assessed by the Kolmogorov-Smirnov test. Genotypic
distribution, allelic frequency and Hardy-Weinberg equi-
librium (HWE) were calculated by the chi-square test.
Comparison between groups was performed by t test or
Mann-Whitney test, as appropriate, and comparisons
between two categorical variables were performed by
chi-square test or Fisher’s exact test, as appropriate.
Effect sizes were expressed by Cohen’s d. Alpha was
set at 0.05 and the correction for multiple tests was done
by the Bonferroni method (according to the following
description: 2 polymorphisms � 5 genetic models = 10
comparisons; p corrected for multiple comparisons =
0.05/10 = 0.005).

Association analysis between polymorphisms and
neurocognitive performance was performed using differ-
ent genetic models (codominant, dominant, recessive,
superdominant, and additive). To control the possible
confounding effect of intervenient variables on patients’
cognitive performance, we performed a multiple linear
regression, in which cognitive performance was entered
as a dependent variable, the genotype as an independent
variable, and possible confounding variables (use of

cannabis, age of onset, time of illness, education level
and medication, namely antipsychotics and anticholiner-
gics) as covariates. To evaluate if there was an interaction
effect between the group (schizophrenia vs. control) and
the genotype on cognitive performance, we performed a
two-way analysis of variance (ANOVA), in which cognitive
performance was the dependent variable and the geno-
type (3 groups) and group (patients vs. controls) were
independent factors. All analyses were performed using
the SPSS version 20,46 or R Software.47

Ethics statement

The study was approved by the local ethics research
committee and all participants signed an informed
consent form.

Results

Descriptive analysis

Descriptive data are presented in Table 1. There was no
difference between the mean ages of patients and
controls (39.9 vs. 41.5 years respectively, p = 0.47).
However, the patient group included a higher proportion
of women (38 vs. 16%, p = 0.02) and had lower
educational level than controls (7.7 vs. 10.5 years of
study respectively, p o 0.01).

As expected, cognitive performance was significantly
lower in patients than controls for all individual domains
and for the BACS global score (p o 0.01). Patients
presented overall cognitive performance on average
1.44 standard deviation below the normative sample. As
for individual cognitive domains, the highest differences
were found in the attention domains (Cohen’s d = 2.7),
motor speed (Cohen’s d = 2.3), and overall cognitive
performance (Cohen’s d = 2.2). One third of patients had
mild or nonexistent cognitive deficits (up to 1 SD below
the normative sample), while two thirds had significant
deficits (equal or above 1 SD below the normative
sample).

Allelic and genotypic distribution of the polymorphisms
tested are described in Table 2. The genotypic distribu-
tion in controls did not deviate from that expected by
the HWE.

Cannabinoid receptor 1 (CNR1) rs12720071
polymorphism and cognitive performance

CNR1 rs12720071 (T 4 C) polymorphism was signifi-
cantly associated with patient performance in several
cognitive domains. For the working memory domain
(Table 3), C/C and T/T patients had worse performance
than C/T patients (mean [standard error] = 8 3 vs. 8.7 [1.1]
� 13.2 [0.6], respectively; p o 0.005, significant after
correction for multiple comparisons). In addition, C allele
carriers (T/C and C/C) performed better than T/T carriers
(mean [standard error] = 12.8 [0.6] vs. 8.7 [1.1], p o
0.005). For the motor speed domain (Table 3), C/C
patients had significantly lower performance than T allele
carriers (mean [standard error] = 21 [10.5] vs. 49.6 [2.1],

Braz J Psychiatry. 2022;44(1)

28 R Ferretjans et al.



p o 0.005). For verbal fluency (Table 3), once again C/C
patients scored significantly lower in the total verbal
fluency test than T allele carriers (mean [standard error] =
12.2 [3.7] vs. 28.9 [1.3], p o 0.005). For domains of
attention/processing speed and reasoning/problem sol-
ving, an association with genotype was found in patients,
but the difference was not significant after multiple
test correction. Regarding global cognitive performance

(Table 3), C/C patients presented a mean cognitive
performance of -2.8 SD vs. -1.3 SD for T allele carriers;
this difference is equivalent to almost 1.5 SD (95%
confidence interval [95%CI] -2.28 to -0.61, p o 0.005,
significant after correction for multiple comparisons). After
controlling for these possible confounders, the associa-
tion between genotype and working memory was lost
(p = 0.2), whereas the association between the genotype

Table 1 Descriptive data of the sample

Patients (n=69) Controls (n=43) p-value Cohen’s d

Sociodemographic data
Age (years) 39.9 (11.8) 41.5 (10.5) 0.47 -
Gender, n (%) 0.02* -

Female 26 (38) 7 (16) -
Male 43 (62) 36 (84) -

Education (years) 7.7 (3.9) 10.5 (3.1) o 0.01** -

Clinical data
Age at onset 27.3 (11.1) - - -
Years of disease 12.4 (10.1) - - -
Medication (CPMZ equivalent) 347.4 (205.3) - - -
PANSS - - -

Positive 9.7 (3) - - -
Negative 17.5 (6.5) - - -
General 26.3 (7.3) - - -
Total 53.4 (13.6) - - -

Tobacco use, n (%) 22 (32) 5 (11.1) 0.01** -
Cannabis use, n (%) 12 (17.4) 0 (0) o 0.01** -

Cognitive performance
BACS -

Verbal memory 26.4 (9.7) 36.9 (9.6) o 0.01** 1.5
Working memory 11.8 (4.9) 15.7 (4.9) o 0.01** 0.8
Motor speed 47.9 (18.5) 77.8 (16.4) o 0.01** 2.3
Verbal fluency, semantic 13.2 (4.7) 19 (4.3) o 0.01** 3.9
Verbal fluency, category (letter F) 8.3 (4.1) 11.8 (4.6) o 0.01** 3.8
Verbal fluency, category (letter S) 7.4 (3.6) 11.4 (4.1) o 0.01** 1.0
Verbal fluency, total 28.9 (11) 42.1 (10.5) o 0.01** 1.8
Attention 22.8 (12.1) 39.2 (14.6) o 0.01** 2.7
Reasoning and problem solving 10.8 (5.8) 14 (5.8) o 0.01** 1.8
Composite score (z) -1.44 (0.9) -0.2 (0.8) o 0.01** 2.2

Cognitive category, n (%) o 0.01** -
o 1 SD 23 (33.3) 36 (80) -
X 1 SD 46 (66.7) 9 (20) -

Data presented as median (standard deviation), unless otherwise specified.
BACS = Brief Assessment of Cognition in Schizophrenia; CPMZ = chlorpromazine; PANSS = Positive and Negative Syndrome Scale;
SD = standard deviation.
*p o 0.05; ** p o 0.01.

Table 2 Allelic and genotypic frequencies of CNR1 and CNR2 gene polymorphisms

SNP n Allele frequency (%) p-value Genotypic frequency (%) HWE

CNR1
rs12720071 T C T/T C/T C/C

Patients 69 82 (59) 56 (41) 17 (25) 48 (69) 4 (6) o 0.01
Controls 44 67 (76) 21 (24) 0.009* 27 (61) 13 (30) 4 (9) 0.21

CNR2
rs2229579 G A G/G G/A A/A

Patients 68 113 (83) 23 (17) 52 (77) 9 (13) 7 (10) o 0.01
Controls 45 84 (93) 6 (7) 0.024* 40 (89) 4 (9) 1 (2) 0.06

CNR1 = cannabinoid receptor 1; CNR2 = cannabinoid receptor 2; HWE = Hardy-Weinberg equilibrium; SNP = single nucleotide
polymorphisms.
*p o 0.025 (corrected for multiple comparisons).

Braz J Psychiatry. 2022;44(1)

Cannabinoid receptor gene polymorphisms in schizophrenia 29



Table 3 Cannabinoid receptor 1 (CNR1) rs12720071 polymorphism genotype and cognitive performance in patients with
schizophrenia

Cognitive domain/genetic model n Mean (SE) Difference 95%CI p-value

Working memory
Codominant
T/T 17 8.7 (1.1) 0
C/T 48 13.2 (0.6) 4.5 2.1 to 7
C/C 4 8 (3) -0.7 -5.5 to 4.1 0.00062**

Dominant
T/T 17 8.7 (1.1) 0
C/T-C/C 52 12.8 (0.6) 4.1 1.6 to 6.6 0.00175**

Recessive
T/T-C/T 65 12.1 (0.6) 0
C/C 4 8 (3) -4.1 -8.9 to 0.8 0.10495

Overdominant
T/T-C/C 21 8.6 (1) 0
C/T 48 13.2 (0.6) 4.7 2.4 to 6.9 0.00012**

log-additive
0, 1, 2 2 -0.1 to 4.2 0.0709

Motor speed
Codominant
T/T 17 51.6 (4.7) 0
C/T 48 48.8 (2.4) -2.8 -12.5 to 6.8
C/C 4 21 (10.5) -30.6 -49.7 to -11.6 0.00802*

Dominant
T/T 17 51.6 (4.7) 0
C/T-C/C 52 46.7 (2.5) -4.9 -15.1 to 5.2 0.34217

Recessive
T/T-C/T 65 49.6 (2.1) 0
C/C 4 21 (10.5) -28.6 -46.1 to -11 0.0021**

Overdominant
T/T-C/C 21 45.8 (5) 0
C/T 48 48.8 (2.4) 3 -6.5 to 12.6 0.5367

log-additive
0,1,2 -9.2 -17.4 to -1 0.03091*

Verbal fluency
Codominant
T/T 17 27.6 (2.4) 0
C/T 48 30.7 (1.5) 3 -2.6 to 8.7
C/C 4 12.2 (3.7) -15.4 -26.6 to -4.2 0.00361**

Dominant
T/T 17 27.6 (2.4) 0
C/T-C/C 52 29.2 (1.6) 1.6 -4.4 to 7.7 0.60125

Recessive
T/T-C/T 65 29.9 (1.3) 0
C/C 4 12.2 (3.7) -17.6 -28 to -7.3 0.00138**

Overdominant
T/T-C/C 21 24.7 (2.4) 0
C/T 48 30.7 (1.5) 6 0.5 to 11.5 0.03693*

log-additive -2.5 -7.5 to 2.5 0.33845
0,1,2

Continued on next page
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and motor speed (p = 0.01), verbal fluency (p = 0.01) and
global cognitive performance (p = 0.004) remained sig-
nificant. There was no association between the CNR1
rs12720071 polymorphism and cognitive performance in
controls.

Cannabinoid receptor 2 (CNR2) rs2229579 polymorphism
and cognitive performance

CNR2 rs2229579 (G 4 A) polymorphism was nominally
associated with patient’s performance in the working
memory test. A/A patients had worse performance than G
allele carriers, but the difference was not significant after
correction for multiple tests. There was no association
between the CNR2 rs2229579 polymorphism and cogni-
tive performance in controls.

Discussion

In the present study, patients presented a global mean
cognitive performance approximately 1.5 SD below the
normative sample, and significantly lower than the perfor-
mance of controls. This is consistent with the literature,
which shows cognitive performance on average 1 to 2 SD
below healthy subjects in individuals with schizophre-
nia.13,48 Attention, motor speed, and global cognitive
function were the most impaired in our sample. Meta-
analyses point to a pattern of multiple deficits in individuals
with schizophrenia, with the largest effect sizes found in
episodic memory, attention, and information processing.49-51

There was a consistent association of CNR1 rs12720071
polymorphism with the cognitive performance of patients.
C/C subjects had significantly lower performance on motor
speed, verbal fluency (all of which were significant after
controlling for multiple tests), attention/processing speed,
and reasoning/problem solving (nominally significant)
compared to T allele carriers. Regarding working memory,
worse performance was paradoxically recorded in both

C/C and T/T individuals, while heterozygotes performed
better in this domain. Nevertheless, a significant associa-
tion with global cognitive performance showed that
individuals homozygous for the variant (C/C) allele had
a much lower overall cognitive performance than those
with the T allele.

Two studies assessed the possible influence of CNR1
variations on cognitive performance in individuals with
schizophrenia. An interaction between polymorphism
rs12720071 and brain volume and neurocognition has
been evaluated,37 with results that are consistent with
our findings. In that study, individuals with the C allele
performed poorly on attention/processing speed and
reasoning/problem solving tests. For the latter domain,
the performance was even worse in patients carrying the
variant allele and with heavy cannabis use. Patients with
the C allele also had lower volumes of frontal, temporal,
and total white matter, and there was an additive effect of
the use of cannabis regarding the lower levels of parietal
white matter.37 While our data corroborated a worse
performance in C/C allele carriers in attention/processing
speed and reasoning/problem solving, our patients also
performed poorly on working memory, motor speed, and
verbal fluency tests. In a longitudinal study, the associa-
tion of two different CNR1 polymorphisms (rs7766029
and rs12720071) with neurocognitive performance was
assessed in patients with first-episode psychosis after
18 months of treatment. For rs12720071, T/C carriers had
a negative effect (lower improvement over time) on lan-
guage functions, which points in the same direction as our
findings, but a positive effect on visuospatial executive
functions (higher improvement over time).38

CB1R is the main cannabinoid receptor in the CNS and
plays an important role in modulation of other neuro-
transmitter systems through short- and long-term synaptic
plasticity. EcS, via CB1R, optimizes synaptic communica-
tion by eliminating information flow in specific synapses,
contributing to a fine-tuning of information processing in

Table 3 (continued )

Cognitive domain/genetic model n Mean (SE) Difference 95%CI p-value

Global cognitive performance
Codominant

T/T 17 -1.6 (0.2) 0
C/T 48 -1.3 (0.1) 0.3 -0.2 to 0.7
C/C 4 -2.8 (0.4) -1.2 -2.1 to -0.3 0.00244**

Dominant
T/T 17 -1.6 (0.2) 0
C/T-C/C 52 -1.4 (0.1) 0.2 -0.3 to 0.6 0.5081

Recessive
T/T-C/T 65 -1.3 (0.1) 0
C/C 4 -2.8 (0.4) -1.4 -2.3 to -0.6 0.0011**

Overdominant
T/T-C/C 21 -1.8 (0.2) 0
C/T 48 -1.3 (0.1) 0.5 0.1 to 1 0.02419*

log-additive
0, 1, 2 -0.2 -0.6 to 0.2 0.38594

SE = standard error.
*p o 0.05; ** p o 0.005 (corrected for multiple comparisons).
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neural circuits.52 The CB1R encoding gene (CNR1) is
located in chromosome 6 (6q14-q15), with 3,732 SNPs
identified in its structure.53 The rs12720071 polymorphism
is a substitution of a thymine for a cytosine in the
3’- untranslated region (3’-UTR), which may have important
functions in regulation of gene expression.54 No study to
date has examined how this SNP could mediate the
expression or function of CNR1, but there is evidence that
the genomic region surrounding this polymorphism could be
a binding site of a transcription factor,55 ‘‘CCAAT/enhancer-
binding protein beta’’ (C/EBP beta)56 that can regulate gene
expression.57,58 Therefore, nucleotide substitution induced
by this mutation could potentially modify the transcription
factor binding site and thus alter CB1R expression,37 which
could lead to changes in cannabinoid receptor-mediated
control of information processing in neural circuits respon-
sible for cognitive responses.

The association between CNR1 polymorphism and
changes in working memory reported here is consistent
with several lines of evidence. For instance, CB1R
agonist delta-9-tetrahydrocabinol (THC) can induce work-
ing memory impairment in healthy controls,59 and THC is
able to induce cognitive impairments similar to those
of schizophrenia.60 Greater changes in brain structures
related to working memory have been found in patients
with schizophrenia and in cannabis users when compared
to controls.61 Additionally, an association between protein
expression of EcS components (CB2R and synthesis and
degradation enzymes) and working memory was found in
individuals with first-onset schizophrenia,62 while CNR1
rs1406977 genotypes have been associated with mar-
ijuana use and changes in prefrontal connectivity32 and
activity,33 and worst working memory performance.
Lastly, cannabis use has been observed to modify the
relationship between endocannabinoid gene expression
and the efficiency of information processing in working
memory networks. Non-users had greater co-expression
of a gene network that contains CNR1 and increased
dorsolateral prefrontal efficiency.34 It has been proposed
that under physiological conditions, EcS, via CB1R,
modulates GABAergic neurotransmission of PFC inter-
neurons, a process that could be disturbed by excessive
and generalized agonism caused by exogenous canna-
binoids. This could lead to dysfunctional hyperactivation
of CB1Rs, and loss of modulation of glutamatergic
neurons, with consequent disruption of dopamine release
in dorsolateral prefrontal cortex (dlPFC) and impairment
of working memory.63 Additionally, there is evidence of
lower levels of CB1R mRNA in dlPFC of patients with
schizophrenia.64

Changes in motor speed and verbal fluency, as well as
their relation to EcS, might be better understood through
their association with the speed of information processing
domain.65 This cognitive ability, measured by how quickly
an individual performs cognitive tasks,66 is a general
measure of cognitive mechanisms that are used to
support the fluent execution of perceptual, cognitive,
and motor processes.67 It is known that the speed of
information processing depends on white matter proper-
ties,68,69 and that its volume and integrity are globally
related to this domain.66 Evidence suggests that

endocannabinoids, via CB1R, could be involved in
regulation of myelination in the developing70 and adult
brain,71,72 stimulating myelin production by modulating
progenitor cell survival,73 migration, and differentiation
into oligodendrocytes.70 In addition, EcS plays a central
role in cortico-limbic circuit maturation, supporting funda-
mental processes, such as inhibitory and excitatory
neurotransmission balance.74 Activation of CB1R in
glutamatergic neurons modulates GABAergic neuro-
transmission, which is critical for the developmental
remodeling of inhibitory circuits during adolescence.75,76

Accordingly, previous research found that rs12720071 C
allele carriers presented lower frontal, temporal, and total
cerebral white matter.37

Our study has limitations. First, the size of our sample
should be considered, especially when we subdivide the
subjects into cognitive subgroups or in relation to less
frequent genotypes. Consequently, we were unable to
evaluate a possible interaction effect between genotype
and cannabis use. Second, genotypic distribution in
individuals with schizophrenia deviated from that expec-
ted by the HWE. In genetic association studies, HWE
principles are applied to detect genotyping error and
disease susceptibility loci.77 Typically, HWE does not
need to hold for the case-group, since it represents a non-
random selection of individuals based on a phenotype
of interest (i.e., disease). Furthermore, HWE deviation
has been proposed as a measure of disease association
when analyzing the case group per se.78 Therefore, the
validity of genetic association studies depends consider-
ably on the use of appropriate controls and, theoretically,
disease-free control groups from outbred populations
should follow the HWE, as noted in our sample.79,80 Third,
although controls did not report use of cannabis, it is not
possible to guarantee they were not using it. Unfortu-
nately, we did not measure urine levels of cannabis,
which is a limitation of our work. Fourth, Brazilian popu-
lations present a high degree of miscegenation,81 a fact
that may complicate population stratification.82 Besides
that, we lack information about genetic ancestry in our
sample. Finally, other potential limitations are those
associated with an SNP-based analysis.83

In conclusion, our results are consistent with previous
findings that point to the possible involvement of CNR1
gene variations in the neurocognitive performance of
individuals with schizophrenia. In particular, the associa-
tion of a specific variation of CNR1 with cognitive perfor-
mance in individuals with schizophrenia suggests the
possible involvement of this variant in the pathogenesis
of cognitive deficits. These findings may contribute to
the understanding of the complex genetic determinants
of cognitive deficits in schizophrenia, and can stimulate
further efforts to replicate and expand the research.
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