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Abstract

Background Pain is one of the leading causes of disability worldwide. Despite the various pharmacological
treatments available, patients with chronic pain often remain with significant disabilities and unsatisfactory pain
control. Cannabis and cannabinoids are sometimes used in the treatment of chronic pain as they have been shown
to be useful in a subset of patients. Some of the adverse effects associated with cannabis use, such as cannabis use
disorder (CUD) and cannabis-induced psychosis, have been associated with several genetic variants. Despite this, the
paucity of the data or the contradictory results for reported variants limits our ability to use them as genetic markers
to personalize cannabis treatment tailored to patients’ genetic background. The aim of this genetic association study
was to investigate the link between previously reported genes and cannabinoid response in terms of pain response,
CUD and risk of psychotic adverse events in patients with chronic pain.

Methods Phone or in person interviews were conducted to document participants’ characteristics, cannabis use
and effects, concurrent pharmacotherapy and comorbid conditions. Screening for CUD was performed using the
Cannabis Use Disorders Identification Test — Revised. Blood or saliva samples were collected for the genotyping of 18
variants in 11 genes (BDNF, CNR1, CNR2, COMT, CYP2C9, FAAH, GABRA2, HES7, KAT2B, NRGT and OPMRT).

Results One hundred participants were recruited, with blood or saliva samples collected from 77 of them. Two
single-nucleotide polymorphisms (SNP) in cannabinoid receptor 1 (CNRT) were associated, before multiple testing
correction, with psychotic adverse events. Namely, T allele carriage of the CNRT rs1049353 C>T variant increased the
odds of having psychotic adverse events (OR=6.1,95% Cl 1.7 — 27.9, p-value =0,009) and C allele carriage of the CNRT
rs2023239T> C intronic variant also increased these odds (OR=3.5, 95% CI 1.5 — 9.4, p-value =0,033). These findings
were not significant after adjustment for multiple SNPs testing and none of the variants were associated with CUD or
pain response.

Conclusions These results suggest alternative allele carriers of rs1049353 and rs2023239 could be at an increased
risk of psychotic adverse events related to cannabis use, although additional investigation is required to replicate and
confirm these findings.
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Background

Chronic pain ranks among the top causes of disability-
adjusted life years in the world (GBD 2016 Disease and
Injury Incidence and Prevalence Collaborators 2017). In
Canada, almost one in five adults (7.6 million) lives with
such pain (Santé Canada 2021). Despite its high preva-
lence and substantial impact on patient lives, the man-
agement of chronic pain remains particularly challenging
(Cohen et al. 2021). Access to cannabis for medical pur-
poses, such as in the treatment of chronic pain, has been
available in Canada since 2001, while non-medical use of
cannabis was legalized in 2018. A recent post-legalization
study reported that 30.1% of adults living with chronic
pain had used cannabis in the past year in the manage-
ment of their condition (Godbout-Parent et al. 2022).

While the evidence regarding the efficacy of canna-
bis and cannabinoids in the treatment of chronic pain is
limited, the latest meta-analysis has demonstrated sig-
nificant — albeit small to very small — improvements in
pain response among patients with chronic pain (Wang
et al. 2021). However, there remains a significant propor-
tion of patients (up to 70%) who do not achieve adequate
pain response and no factor has reliably been identified
as a predictor of this response (Poli et al. 2022; Allan et
al. 2018).

Even though cannabis use is relatively widespread and
is becoming more accessible (Government of Canada PS
and PC 2002), either for self-management or with the
help of a healthcare professional, it is well documented
that its use is often discontinued due to adverse events
(Volkow et al. 2014; Allan et al. 2018). Two significant
adverse events, cannabis use disorder which is charac-
terized by impaired control over cannabis use (Foll et al.
2026) and psychotic adverse events such as hallucina-
tions or delusions (Schoeler et al. 2024), have been asso-
ciated with multiple genetic variants (Hryhorowicz et al.
2018; Carvalho and Vieira-Coelho 2022). These variants
could ultimately be used as genetic markers to person-
alize cannabis treatment and offer treatment tailored to
the genetic background of patients, thereby reducing the
potential harms when cannabis is used. Genetic vari-
ants could also be employed to identify patients who are
more likely to benefit from cannabis prior to treatment
initiation. Despite this, the paucity of the data on some of
the previously reported variants and inconsistent results
regarding some of them limit our ability to use them as
genetic markers at the moment (Hryhorowicz et al. 2018;
Babayeva and Loewy 2023).

Recent articles proposing frameworks of cannabis
use in pain management illustrate the increased inter-
est in the underlying genetic variation to pain response
and could lead to a more appropriate use of these mol-
ecules (Visibelli et al. 2023; Visibelli et al. 2025; Kalak et
al. 2025). Some even propose machine learning assisted
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methods but note the need to continue studying predic-
tive markers of response, including genetic variants, to
strengthen clinical algorithms (Visibelli et al. 2023; Visi-
belli et al. 2025). A recent review by Kalak et al. proposes
a clinical guideline for cannabis use and arrives at the
same conclusion: while some variants have a well-estab-
lished impact on cannabis response, most variants war-
rant more research before they can be considered reliable
clinical decision tools (Kalak et al. 2025). For example,
in the endocannabinoid system, they describe the sig-
nificant role of AKT Serine/Threonine Kinase 1 (AKT1)
in the presence of psychotic symptoms while Catechol-
O-Methyltransferase (COMT) did not show a significant
enough effect to be considered for routine use in their
review of observational studies.

The aim of this retrospective case—control genetic
association study is to investigate the effect of differ-
ent genetic variants, by a candidate-gene approach, on
treatment response phenotypes in past or current users
of cannabis or cannabinoids in their chronic pain treat-
ment. This paper presents the relationship between three
main response phenotypes (i.e., pain response, CUD and
psychotic adverse events) and 28 genetic variants located
in 17 genes selected for their previous association to
response phenotype or their potential influence on can-
nabis’ pharmacokinetic or pharmacodynamic (Supple-
mentary Table S1).

Methods

Study population and inclusion criteria

This multicentric retrospective genetic association study
was conducted at the “Centre intégré universitaire de
santé et de services sociaux du Saguenay—Lac-Saint-
Jean” (CIUSSS-SLSJ) and “Centre intégré universitaire de
santé et de services sociaux de I'Estrie — Centre hospit-
alier universitaire de Sherbrooke” (CIUSSS de I'Estrie —
CHUS), two University Hospitals in Quebec, Canada. In
total, 100 participants were recruited (Fig. 1). The major-
ity of participants (67%) were recruited with an online
form distributed by local chronic pain associations, either
via social media or online advertisements. The remaining
participants were recruited from the Quebec Back Pain
Consortium (25%) and from participant lists included
in previous studies conducted at CIUSSS de I'Estrie —
CHUS (8%).

Inclusion criteria were self-reported and included: 1)
having chronic pain (pain lasting longer than 3 months);
2) using or having used cannabis as a means to reduce
pain associated with a chronic pain condition (either pre-
scribed by a physician or in the context of self-manage-
ment); 3) to be of legal age to use cannabis according to
Quebec regulations at the time of the study (=18 years
old if prescribed by a physician and >21 years old if used
in self-treatment). Participants were excluded if they
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Online form distributed by local
chronic pain associations
(n=67)

Quebec Back Pain
Consortium
(n=25)

Participants of previous studies at
CIUSSS de I'Estrie — CHUS
(n=8)

All recruited participants
(n=100)

Inclusion criteria:
o Having chronic pain (>3 months)
o Cannabis use for pain management

o Be of legal age to use cannabis

Phenotype characterization

(n=100)

Genetic association

(0=77)

Fig. 1 Flow chart illustrating recruitment methods and number of participants included in the analyses. In total, 100 participants were recruited in our
study. Methods of recruitment included an online form distributed by local chronic pain association (n=67), the Quebec Back Pain Consortium (n=25)
and a list of participants previously included in studies at CIUSSS de I'Estrie — CHUS (n=8). All participants were included in phenotype characterization
(n=100) and participants with DNA samples were included in genetic association analyses (n=77)

self-reported never using cannabis for chronic pain relief.
All recruited participants were included in phenotype
characterization (#=100), and only participants with
available DNA samples were included in genetic associa-
tion analyses (1 =77).

Data collection

Timeline

Recruitment was conducted from October 2020 to July
2021. After obtaining free and informed consent, partici-
pants completed a primary survey either via telephone
or during an in-person visit at one of the participat-
ing research centres. This first survey collected data on
demographic characteristics, cannabis use, health status,
medical history, and current pharmacologic therapies.
Subsequently, biological samples — either blood (~ 10 ml)
or saliva (~4 ml) — were collected on participant prefer-
ence for DNA extraction. Participants were then invited
to complete an online follow-up survey during a subse-
quent episode of cannabis use to evaluate its effect on
pain. This assessment was made using the numerical pain
rating scale (NRS) from 0 to 10 (“no pain” to “worst pain
imaginable”) (Breivik et al. 2008; Ferreira-Valente et al.
2011) before and after cannabis use.

Assessments

Demographics included age, sex, life habits (tobacco use,
alcohol use, and drugs), exercise, anthropometry and per-
ception of their health using the European Quality of Life
5 Dimensions 5 Levels (EQ-5D-5L) instrument all col-
lected in the primary survey (Herdman et al. 2011). The
EQ-5D-5L instrument is a descriptive system looking at 5
dimensions of health (mobility, self-care, usual activities,
pain/discomfort and anxiety/depression) in which each
dimension has 5 possible levels (presenting no problem
up to extreme problems) (Herdman et al. 2011). Health

Index scores, which represents a combined score for the
5 dimensions and levels of health assessed by the EQ-
5D-5L instrument, were calculated using the Canadian
value set of the EQ-5D-5L (Xie et al. 2016).

Characteristics on participants’ cannabis use (e.g., age
at first use, duration of use, frequency of use, routes of
administration, quantities, delta9-tetrahydrocannabinol
[THC] and cannabidiol [CBD] content of the products
used) were also thoroughly assessed using an in-house
questionnaire in the primary survey. Pain characteristics
(e.g., pain intensity, impact of pain on physical function,
neuropathic component) were documented using the
Brief Pain Inventory (BPI) and “Douleur Neuropathique
4” (DN4) questionnaire on neuropathic pain (Bouhassira
et al. 2005; Cleeland and Ryan 1994). Current cannabis
use was defined as cannabis used in the past 6 months.

Three main phenotypes were assessed during this study
and measured as binary outcomes: pain response, CUD
and psychotic adverse events.

The online follow-up survey for pain response evalua-
tion was composed of questions regarding the presence
of somnolence or pain before and after their cannabis
use. These elements were first evaluated before the con-
sumption event and were reassessed 30 min to 4 h after
use, at the onset of maximum effect according to the
participants. The effect of cannabis on pain was assessed
using the NRS from 0 to 10 (Breivik et al. 2008; Ferreira-
Valente et al. 2011), and somnolence was assessed using
the French version of the Stanford Sleepiness Scale (SSS)
(Schulz et al. 1983). To assess if a participant had a posi-
tive response to cannabis with regards to pain response,
they were asked to rate their average pain response with
a percentage improvement in pain they typically experi-
enced on a 0-100 (“no pain response” to “complete pain
response”) numerical rating scale. With the online sur-
vey, adequate pain response was defined as a reduction
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of two points or>30% reduction of pain based on the
NRS values before and after cannabis use. Data from
the online survey were then used to assess the validity
of the adequate pain response phenotype using the main
questionnaire.

Screening for the presence of CUD was performed
using the Cannabis Use Disorder Identification Test
— Revised (CUDIT-R) (Bonn-Miller et al. 2016). The
CUDIT-R requires participants to answer 8 multiple-
choice questions about their cannabis use, which can be
translated to a global score to assess the presence of CUD
(Bonn-Miller et al. 2016). Scores >13 points were consid-
ered as indicating the presence of CUD.

Psychotic adverse events, collected in the primary
survey, included the presence of hallucinations (visual,
auditory or tactile) or delusions, and participants were
classified as having had a psychotic adverse event if they
had experienced at least one of those adverse reactions.

Study data was collected and managed using REDCap
electronic data capture tools hosted at Université de
Sherbrooke (Harris et al. 2019; Harris et al. 2009).

SNP selection and genotyping

Genetic variants (single-nucleotide polymorphism, SNP)
in candidate genes were identified through a literature
review using PubMed database and ClinPGx (Whirl-Car-
rillo et al. 2012). SNPs reported in the literature associ-
ated at least once with either response to cannabis (e.g.,
psychiatric adverse events or CUD) or that could have
an impact on the pharmacokinetics or pharmacodynam-
ics of cannabis were selected for the study. This literature
review identified 28 variants in 17 genes (ATP Bind-
ing Cassette Subfamily B Member 1 (ABCBI), AKTI,
Brain Derived Neurotrophic Factor (BDNF), Cholinergic
Receptor Muscarinic 3 (CHRM3), Cholinergic Recep-
tor Nicotinic Alpha 2 Subunit (CHRNA?2), Cannabinoid
receptor 1(CNRI), Cannabinoid receptor 2 (CNR2),
COMT, Cytochrome P450 Family 2 Subfamily C Mem-
ber 9 (CYP2C9), Cytochrome P450 Family 3 Subfamily
A Member 5 (CYP3AS5), Cytochrome P450 Family 3 Sub-
family A Member 5 (FAAH), Gamma-Aminobutyric Acid
Type A Receptor Subunit Alpha2 (GABRA2), Hes Fam-
ily BHLH Transcription Factor 7 (HES?7), Lysine Acetyl-
transferase 2B (KAT2B), Neuregulin 1 (NRGI), Opioid
Receptor Mu 1 (OPRM1I), Purinergic Receptor P2X 7
(P2RX7), Supplementary Table S1).

Blood samples were collected in EDTA tubes, and the
buffy coat was isolated in the 24 h following specimen
collection. DNA extraction of buffy coat was performed
using the Puregene Blood Kit (QIAGEN, Germany) and
following the manufacturer’s procedure (QIAGEN n.d.).
DNA extraction from saliva samples was done using the
prepIT-L2P extraction kit (DNAgenoteck, Ottawa, Can-
ada) directly from the sample we received by postal mail
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from participants using GenoTech® saliva sample collec-
tion kit OG-500 (DNAgenoteck, Ottawa, Canada) and
following manufacturer’s protocol (DNAgentotek n.d.).

DNA samples were genotyped by standard TaqMan’
method (Holland et al. 1991) at the Université de Sher-
brooke RNomics platform lab. Details on genotyping,
including the probe and primer designs used can be
found in the Supplementary Table S2.

Statistical analysis

Hardy—Weinberg Equilibrium (HWE) was tested for each
variant. Assessment of the validity of genotyping was
made based on HWE results following Holm-Bonferroni
correction for multiple testing, genotyping call rate and
minor allele frequency (MAF). Variants were excluded
from subsequent analysis using the following criteria: 1)
genotyping call rate inferior to 95%; 2) statistically signifi-
cant departure from HWE (after multiple testing correc-
tion); 3) MAF inferior to 5%; 4) more than one alternative
allele observed.

Categorical variables were compared using the Chi-
square or Fisher’s exact tests (if>20% of cells had
expected frequencies <5 or if a cell had an expected fre-
quency of<1). Normality of data was assessed by the
Shapiro—Wilk Test. Comparisons between groups for
continuous variables were made using independent sam-
ples t-test or Wilcoxon rank sum test (if the variable had
a non-normal distribution).

Statistical tests were performed for each variant to
identify potential statistical association with the three
phenotypes assessed. Univariable logistic regression anal-
yses using an additive genetic model were performed for
variants with statistically significant associations with the
studied phenotypes before multiple testing correction.
Multiple testing corrections were performed according to
the method proposed by Li, J. & Ji, L. (2005) for adjusting
multilocus analyses by calculating the effective number
of variants analyzed (Li and Ji 2005). Specifically, Bonfer-
roni correction for genetic analyses was conducted for an
effective number of 15 variants. Statistical significance
threshold was set at p <0.05 after correction. All analyses
were performed using R Statistical Software (v4.2.1) (R
Core Team 2023).

Results

Participants’ description

A total of 100 participants were included in the present

study, and the characteristics of the studied sample are pre-

sented in Table 1. Participants were aged between 22 and

77 years old, and 67% were females. Most participants were

current cannabis users at the time of the study (92%).
Among the health conditions and comorbidities of

the participants, musculoskeletal disorders were the

most common, present in almost all participants (97%).
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Table 1 Participant characteristics
Overall Current use Past use p-value’
(N=100) (N=92) (N=8)
Demographics
Female sex, n (%) 67 (67.0%) 61 (66.3%) 6 (75.0%) >0.99
Mean age in years (SD) 480 (13.1) 472 (12.7) 57.5014.7) 0.053
Ethnicity, n (%)°
European 95 (95.9%) 87 (95.6%) 8(100.0%) >0.99
Latino 2 (2.0%) 2 (2.2%) 0 (0.0%)
Other 2 (2.0%) 2(2.2%) 0 (0.0%)
Chronic pain and health status
DN4 score (=4), n (%) 65 (65.0%) 59 (64.1%) 6 (75.0%) 0.71
Median pain duration in years (IQR)® 120(7.0,21.8) 120(7.0,21.8) 15.0 (4.5, 22.0) 0.82
Median BP!I pain severity (IQRY? 525(3.50,6.12) 5.25(3.50,6.25) 5.25(3.38, 6.00) 0.75
Median BPI pain interference (IQR)* 3.88(1.67,5.50) 3.88(2.00,5.62) 1.65 (0.67,2.94) 0.045
Median EQ-5D-5L index (IQR)? 0.70 (0.50,0.82) 0.68(0.47,0.81) 0.78 (0.67,0.83) 0.15
Mean EQ VAS (SD) 8(20.9) 60.9 (21.3) 725(13.9) 0.13
Mean BMI in kg/m2 (SD)* 27.8(6.2) 275 (6.0) 30.7 (7.5) 0.27
Cannabis use characteristics
Main method of use, n (%) 0.10
Inhaled 44 (44.0%) 43 (46.7%) 1(12.5%)
Oral 45 (45.0%) 40 (43.5%) 5(62.5%)
Other or more than one 1(11.0%) 9(9.8%) 2 (25.0%)
Frequency of use, n (%) 0.25
<Weekly 4 (4.0%) 3(3.3%) 1(12.5%)
More than once per week 15 (15.0%) 13 (14.1%) 2 (25.0%)
Daily 27 (27.0%) 26 (28.3%) 1(12.5%)
More than once daily 54 (54.0%) 50 (54.3%) 4 (50.0%)
Mean age at first cannabis use in years (SD) 23.7(15.4) 234 (15.0) 27.2 (20.6) 0.57
Past medical history, n (%)
Musculoskeletal 7 (97.0%) 89 (96.7%) 8 (100.0%) >0.99
Psychiatric 0 (70.0%) 66 (71.7%) 4 (50.0%) 0.24
Gastrointestinal 3 (53.0%) 0 (54.3%) 3 (37.5%) 047
Neurologic 40 (40.0%) ( 1%) 4 (50.0%) 0.71
Cardiovascular 9 (39.0%) 6 (39.1%) 3(37.5%) >0.99
Respiratory 6 (36.0%) (37 0%) 2 (25.0%) 0.71
Metabolic 26 (26.0%) 24 (26.1%) 2 (25.0%) >0.99
Cancer 0(10.0%) 9(9.8%) 1(12.5%) 0.58
Concurrent pharmacotherapy, n (%)
Antidepressants 5 (55.0%) 0 (54.3%) 5 (62.5%) 0.73
Acetaminophen 3(33.0%) 1(33.7%) 2 (25.0%) >0.99
NSAIDs 2 (32.0%) ( .5%) 3(37.5%) 0.71
Opioids 2 (32.0%) 8 (30.4%) 4 (50.0%) 0.26
Antiepileptics 8 (28.0%) (29 3%) 1(12.5%) 0.44
Muscle relaxants 19 (19.0%) 7 (18.5%) 2 (25.0%) 0.64
Benzodiazepines 15 (15.0%) 2 (13.0%) 3 (37.5%) 0.10
Stimulants 9 (9.0%) 9 (9 8%) 0 (0.0%) >0.99
Z drugs/benzodiazepine like 7 (7.0%) 7 (7.6%) 0 (0.0%) >0.99
Biologics/DMARDs 3(3.0%) 2(2.2%) 1(12.5%) 0.22
Pain management using cannabis only 8 (8.0%) 7 (7.6%) 1(12.5%) 0.50
Phenotypes, n (%)
Pain response (= 30%)° 74 (78.7%) 72 (82.8%) 2 (28.6%) 0.004
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Table 1 (continued)
Overall Current use Past use p-value’
(N=100) (N=92) (N=8)
Psychotic adverse events 6 (6.0%) 6 (6.5%) 0 (0.0%) >0.99
CUDIT-R=13 25 (25.0%) 25 (27.2%) 0 (0.0%) 0.20

Statistically significant p-values are bolded

Abbreviations: DMARDs Disease-modifying antirheumatic drugs, NSAIDs Non Steroidal Anti-Inflammatory Drugs

"Fisher’s exact test; Wilcoxon rank sum test
2Data available N=99
3Data available N=98
“Data available N=97
Data available N=94

Psychiatric and gastrointestinal comorbidities were also
frequent, being present in more than half of the partici-
pants (70% and 53%, respectively). The most frequent
chronic pain-related diagnoses were back pain (69%),
fibromyalgia (45%) and osteoarthritis (34%). Neuro-
pathic pain was present in almost two thirds of the par-
ticipants (65%). Patients reported having chronic pain
for a median duration of 12.0 years (interquartile range
(IQR) =7.0-21.8 years) with an average severity of mod-
erate pain (BPI pain score median (IQR)=5.25 (3.50,
6.12)) and mild interference with daily life (BPI interfer-
ence score median (IQR)=3.88 (1.67, 5.50)).

The main methods of consumption used by the partici-
pants were oral (45%) and inhalation (44%). Among par-
ticipants with inhaled use, the average quantity of inhaled
cannabis was 1.22 g per day of use (SD=1.05). Among
those with oral THC use, median quantity ingested per
day of use was 2.99 mg (IQR 1.07-9.50) while for CBD
use, the median ingested quantity per day of use was
21.55 mg (IQR 12.40-48.15 mg). Daily use was frequent,
with 81% using cannabis at least once per day. Most users
with inhalation as their main method of use did so using
cannabis with products containing at least twice the
amount of THC compared to CBD (71%). The opposite
was observed for participants consuming cannabis orally.
Indeed, these participants were using products contain-
ing at least twice the amount of CBD compared to THC
(69%). However, the information regarding THC and
CBD content was missing for many participants.

The most frequent concurrent pharmacological treat-
ments were antidepressants (55%) followed by acet-
aminophen (33%), nonsteroidal anti-inflammatory drugs
(NSAIDs) (32%) and opioids (32%). Pain management
using cannabis only, without any other concurrent phar-
macological treatment, was done by 8% of participants.

No statistically significant differences were observed
between past and current users concerning demographic
characteristics, health status, past medical history or
concurrent pharmacotherapy. However, participants
with current cannabis use reported higher BPI interfer-
ence score with a median value of 3.88 (IQR 2.00-5.62)

compared to past users with a median value of 1.65 (IQR
0.67-2.94) (p=0.045). Current cannabis use was also
associated with a greater proportion of participants with
an adequate pain response phenotype (current use: 82.8%
vs. past use: 28.6%, p=0.004). The complete character-
istics of participants’ cannabis use are presented in the
Supplementary Table S3.

Phenotypes

An adequate pain response phenotype was observed in
74 of the 100 participants; 25 had a positive screening
test for possible CUD and 6 had at least one psychotic
adverse event. The characteristics of participants accord-
ing to each phenotype were investigated (Supplementary
Table S4).

The data to establish pain response phenotype was
missing for 6 participants who were consequently
excluded from these analyses. Adequate pain response
was not associated with any demographic characteris-
tics, health status, comorbidities with the presence of
neuropathic pain. Notably, there were no differences in
concurrent pharmacotherapy between pain response
groups. Current use was noted in 72 (97.3%) participants
with a positive response phenotype and in 15 (75.0%) of
non-responders (p=0.004). Among participants with
a defined pain response phenotype who completed the
online survey (n=43), an adequate pain response phe-
notype using the main questionnaire had a sensitivity of
89.1% (95% CI 74.6% — 97.0%) and specificity of 33.3%
(4.3% — 77.7%) for adequate pain response based on the
NRS values before and after cannabis use.

Some differences were noted among participants accord-
ing to CUD screening test result. A lower prevalence of car-
diovascular comorbidities was noted in participants with
a positive CUD screening (20% vs. 45%, p=0.025) as well
as a lower prevalence of metabolic comorbidities (8.0% vs.
32%, p=0.018) and lower body mass index (BMI) (25.1 vs.
28.7 kg/m?, p=0.010). The only difference present regarding
concurrent pharmacotherapy was lower benzodiazepine use
in participants with positive screening for CUD (0 vs. 20.0%,
p=0.019).
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Participants with a positive screening test for CUD
were younger, had first used cannabis at a younger age
and had lower pain duration. Lower benzodiazepine use,
a decreased prevalence of cardiovascular and metabolic
comorbidities as well as a BMI were also noted in partici-
pants with positive screening result.

Psychotic adverse events were not associated with any
differences in demographic characteristics, or concurrent
pharmacotherapy in the study participants. Metabolic
comorbidities were more common among participants
with psychotic adverse events. Notably, hallucinations
were the only psychotic adverse event reported by the
participants.

Genetic association study

Saliva or blood sample was obtained for 77 partici-
pants. Statistically significant differences were observed
between participants for whom DNA samples were
obtained compared to participants without DNA samples
(Supplementary Table S5). Participants with DNA sam-
ples were older than participants without DNA samples
(50.4 vs. 40.1 years old, p<0.001) and had longer chronic
pain duration (median duration in years (IQR): 15.0 (7.9—
23.6) vs. 8.5(4.2-18.0), p=0.022). Patients with and with-
out available DNA showed similar rates of pain response,
psychotic adverse events, and CUDIT-R scores.

Genotype validity assessment led to the exclusions
of 10 variants from 9 different genes (ABCBI, AKTI,
CHRM3, CHRNA2, CNR2, CYP2C9, CYP3AS5, FAAH,
P2RX7). The 18 remaining variants from 11 different
genes (BDNF, CNRI, CNR2, COMT, CYP2C9, FAAH,
GABRA2, HES7, KAT2B, NRG1 and OPMRI) were at
HWE following Holm-Bonferroni correction. HWE
p-values, genotyping call rate of all variants (including
those with call rate < 95%) and alternative allele frequency
of the biallelic markers are presented in the Supplemen-
tary Table S6.

The three studied phenotypes according to the partici-
pants’ genotype for the different variants investigated are
presented in Table 2. None of the variants investigated were
associated with pain response phenotype or with CUD
screening result. Two variants in the CNRI gene were asso-
ciated with a statistically significant difference in the pro-
portions of psychotic adverse events (before adjustment
for multiple SNPs testing). Regarding the CNR1 rs1049353
C>T variant, each additional T allele increased by sixfold
the odds of having psychotic adverse events (odds ratio
[OR] 6.1, 95% CI 1.7-27.9). Each additional C allele of the
CNRI 152023239 T>C intronic variant increased by three-
fold the odds of having psychotic adverse events ([OR] 3.5,
95% CI 1.5-9.4). These findings were not significant after
adjustment for multiple SNPs testing.
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Discussion

This retrospective genetic association study in patients
with chronic pain who used cannabis or cannabinoids,
describes the relationship between previously reported
genetic variants and three main response phenotypes.
More precisely, we assessed the relationship between dif-
ferent genetic variants and cannabis response in terms
of pain response, CUD and psychotic adverse events.
Our findings suggest that two variants of the CNRI gene
(rs1049353 and rs2023239) could be associated with an
increased rate of psychotic adverse events although these
associations were not significant after adjustment for
multiple SNPs testing. None of the studied variants were
associated with CUD or pain response.

Previous studies have highlighted the significant inter-
individual variability associated with THC use, both
in terms of physiologic effects and pharmacokinetics
parameters (Hunault et al. 2008; Liyanage et al. 2023).
This variability, which applies to adverse events but also
to pain response, underscores the importance of identify-
ing genetic markers to personalize cannabis treatment. In
2022, an open-label non-randomized observational study
by Poli et al. recruited 600 participants who received dif-
ferent cannabis preparations and reported for the first
time variants associated with pain response (Poli et al.
2022). One of these variants, ABCBI rs1045642, was
included as a candidate gene for this study but was unfor-
tunately discarded due to insufficient call rate. The other
two variants, TRPV rs8065080 and UGT2B7 rs7438135,
although both were genes of potential interests due to
their role in the pharmacodynamics and pharmacokinet-
ics of cannabis, were not included in our study due to
lack of clinical studies investigating their impact on can-
nabis use and the studied phenotypes. However, Poli et
al. identified the CNRI rs1049353 variant as a treatment
discontinuation risk factor.

Previous literature highlights the role of genes impli-
cated in the dopaminergic system (e.g., COMT) and psy-
chosis induced by cannabis (Carvalho and Vieira-Coelho
2022), and offers insight into the mechanisms underlying
an hypothetical link between CNRI alternative allele car-
rying and psychotic adverse events. CNRI encodes one of
the two main cannabinoid receptors, cannabinoid recep-
tor 1 (CB,), that is part of the G protein-coupled receptors
(GPCRs) family of membrane proteins. CB, is ubiquitous
in the central nervous system and is distributed at a greater
concentration in regions playing a key role in reward, cogni-
tion and emotions, such as the limbic areas, hippocampus
and amygdala (Bloomfield et al. 2019). THC exhibits partial
agonist activity of CB,; and is thought to be at the origin of
most of the cannabis observed psychotropic effects (Shah-
bazi et al. 2020). Notably, THC could be responsible for the
transient positive psychotic symptoms (e.g., hallucinations)
that can result from cannabis use even in the absence of
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an underlying psychiatric disorder (Bloomfield et al. 2019).
Data from animal studies suggests exogenous cannabinoids
such as THC facilitate dopamine release from dopaminer-
gic neurons via mechanisms involving CB,; (Bloomfield et
al. 2016). While the data in humans is unclear, increased
expression of CB; on peripheral immune cells was docu-
mented in patients with multiple episodes of psychosis
compared to healthy controls (Minichino et al. 2019).

CNRI rs1049353 polymorphism in exon 4 produces a
synonymous variant in codon 453 (Thr453Thr). However,
this synonymous SNP may impact mRNA stability and,
consequently, affect CB; receptor expression. Alteration
in CNR1I mRNA stability could therefore affect dopa-
mine release in key dopaminergic regions associated with
cannabis-induced psychosis. Moreover, an association
of CNRI rs1049353 with psychotic adverse events could
be an indirect association via linkage disequilibrium, as
multiple CNRI haplotype blocks were documented in
rs1049353 region (Hillard and Liu 2014). Similarly, evi-
dence also suggests variable expression of CB; receptor
in presence of the CNRI rs2023239 polymorphism, also
an intronic variant (Hutchison et al. 2008). Greater CB,
receptor density in peripheral lymphocytes for carri-
ers of the alternative C allele was described in long-term
daily cannabis users, like most of the participants in this
study (Ketcherside et al. 2017). Interestingly, results from
a pilot study using data from a placebo-controlled clini-
cal trial investigating the impact of cannabis on driving
performance, suggested that the CNRI rs1049353 and
rs2023239 variants could increase subjective effects of
acute cannabis intoxication (Murphy et al. 2021).

Surprisingly, despite most of the previous associations
in the literature being with CUD (i.e., CNRI (rs806380,
rs806378, rs806374, rs806368, rs2023239, rs1049353 and
rs6454674) (Agrawal et al. 2009; Hindocha et al. 2020;
Ashenhurst et al. 2017; Zuo et al. 2007; Palmer et al.
2019; Hartman et al. 2009), FAAH (rs324420) (Hindocha
et al. 2020; Sipe et al. 2002; Tyndale et al. 2007), GABRA2
(rs279858) (Agrawal et al. 2006), HES7 (rs1442849) (Saf-
froy et al. 2019), KAT2B (rs9829896) (Johnson et al.
2016), NRGI (rs17664708) (Han et al. 2012) and OPRM 1
(rs1799971) (Schwantes-An et al. 2016)), none of the 18
variants included were associated with CUD in our study.
An explanation for this discrepancy could be the studied
population and the method employed to identify pos-
sible CUD among participants. In contrast to the previ-
ous studies that were conducted in adolescent or adult
populations with non-medical use of cannabis, indi-
viduals included in this study used cannabis as means of
self-management or as prescribed through health profes-
sionals. Limited evidence in the literature points towards
altered test characteristics of the CUDIT-R in individu-
als with cannabis use for medical purposes (Loflin et al.
2018; Sagar et al. 2021). Similarly, Myers et al. recently
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reported that the CUDIT-R had worse performance
among individuals who possessed a cannabis card com-
pared to non-card holders (Myers et al. 2023). Higher fre-
quency of use among medical users, like the majority of
this study’s participants, could also have contributed to
the decreased specificity of the CUDIT-R scale as many
of its items are dependent on the frequency or intensity
of use (Loflin et al. 2018).

While TRPV1 and UGT2B7 were not included at the
time of the study, their inclusion alongside ABCBI as a
multigene signal of analgesia would have been interesting
as suggested by the results of the previously mentioned
review by Kalak et al. (2026). Two of the genes excluded
from the analysis after genotype validity assessment
(AKT1 and CYP2C9) were the strongest markers of can-
nabis response according to their review.

This study has several limitations, primarily stemming
from its retrospective design and the relatively small sam-
ple size, thereby limiting the findings to hypothesis-gen-
erating interpretations. Despite the selection of candidate
genes with previous positive association or based on our
current understanding of the pharmacokinetics or phar-
macodynamics of cannabinoids, the multiple testing
involved in this study comes with the important risk of
type I error. The retrospective nature of the study is obvi-
ously prone to recall bias. Furthermore, the small number
of participants without active cannabis use implies signif-
icant selection bias and could have contributed to the low
prevalence of both psychotic adverse events and negative
pain response phenotypes observed since both of those
could be motives to forgo cannabis use. The small sample
size of this study, combined with the modest effect size of
some of the previously reported variants, could also have
contributed to our study being insufficiently powered to
detect these associations.

Conclusion

In summary, this retrospective genetic association study
in patients with chronic pain raises the possibility that
rs1049353 and rs2023239 may contribute to an increased
rate of psychotic adverse events related to cannabis use
in patients with chronic pain. This study did not replicate
numerous previous findings as none of the variants stud-
ied were associated with possible CUD. The adequacy of
the available screening tools for CUD in subpopulations
of cannabis users remains uncertain and deserves greater
attention considering the growing access to cannabis in
chronic pain treatment. With those factors in mind, the
results of this paper should be considered hypotheses.
Finally, the role of these two CNRI variants should be
further studied in an independent prospective cohort.
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