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Abstract

IMPORTANCE Despite public health concerns that cannabis legalization may increase the number
of cases of schizophrenia caused by cannabis, there is limited evidence on this topic.

OBJECTIVE To examine changes in the population-attributable risk fraction (PARF) for cannabis use
disorder (CUD) associated with schizophrenia after liberalization of medical cannabis and legalization
of nonmedical cannabis in Canada.

DESIGN, SETTING, AND PARTICIPANTS This population-based cohort study was conducted in
Ontario, Canada, from January 1, 2006, to December 31, 2022, among 13 588 681 people aged 14 to
65 years without a history of schizophrenia.

EXPOSURES Diagnosis of CUD in the emergency department or hospital setting (International
Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Canada [ICD-10-CA]
codes F12x and T40.7).

MAIN OUTCOME AND MEASURES Changes in the PARF for CUD associated with schizophrenia
(ICD-10-CA codes F20x and F25x and Diagnostic and Statistical Manual of Mental Disorders [Fourth
Edition] [DSM-IV] code 295x) over 3 policy periods: prelegalization (January 2006 to November
2015), liberalization of medical and nonmedical cannabis (December 2015 to September 2018), and
legalization of nonmedical cannabis (October 2018 to December 2022). A secondary outcome was
diagnosis of psychosis not otherwise specified (NOS) (ICD-10-CA code F29x and DSM-IV code 298x).
Segmented linear regression was used to examine changes after the liberalization of medical
cannabis in 2015 and the legalization of nonmedical cannabis in 2018.

RESULTS The study included 13 588 681 individuals (mean [SD] age, 39.3 [16.1] years; 6 804 906
males [50.1%]), of whom 118 650 (0.9%) had CUD. A total of 91 106 individuals (0.7%) developed
schizophrenia (80 523 of 13 470 031 [0.6%] in the general population without CUD vs 10 583 of
118 650 [8.9%] with CUD). The PARF for CUD associated with schizophrenia almost tripled from
3.7% (95% CI, 2.7%-4.7%) during the prelegalization period to 10.3% (95% CI, 8.9%-11.7%) during
the legalization period. The PARF in the postlegalization period ranged from 18.9% (95% CI, 16.8%-
21.0%) among males aged 19 to 24 years to 1.8% (95% CI, 1.1%-2.6%) among females aged 45 to 65
years. The annual incidence of schizophrenia was stable over time, while the incidence of psychosis
NOS increased from 30.0 to 55.1 per 100 000 individuals (83.7%) in the postlegalization period
relative to the prelegalization period. The PARF for CUD associated with schizophrenia increased
steadily over the study with no accelerations after cannabis policy changes, while increases in the
PARF for CUD associated with psychosis NOS accelerated after medical cannabis liberalization.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this cohort study of individuals aged 14 to 65 years in Ontario,
Canada, the proportion of incident cases of schizophrenia associated with CUD almost tripled during
a period of substantial liberalization of cannabis policy. Ongoing research is indicated to understand
the long-term associations of cannabis policy with the prevalence of psychotic disorders.
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Introduction

Cannabis use is associated with subsequent development or earlier onset of psychosis and
schizophrenia.1-7 Evidence suggests a dose-response relationship, with more frequent use of higher-
potency cannabis products associated with a greater risk of schizophrenia.8 Cannabis use and the
tetrahydrocannabinol (THC) content of cannabis products are increasing globally.8,9 A recent study
estimated that the proportion of cases of schizophrenia in Denmark associated with cannabis
increased from approximately 4% in 2000 to 8% from 2010 to 2016.10 However, cannabis was and
remains illegal in Denmark and a frequently raised public health concern is that legalization may
result in further increases in cannabis use and the incidence of psychotic disorders.10 Evidence on the
association between cannabis legalization and psychosis is lacking. Studies from Canada and the US
examining periods immediately after cannabis legalization found no significant associations between
legalization and increases in psychotic disorders.11,12 However, prior studies have been
underpowered to detect changes in psychotic disorders given that they are relatively rare and that
there are anticipatable multiple-year lags between cannabis policy and detection of potential
changes in psychotic disorders. Mechanistically, legalization would gradually increase cannabis use,
increasing cannabis use would increase the incidence of psychosis, and individuals with incident
psychosis would then need to be diagnosed in the health system. Consequently, studies evaluating
changes in the proportion of incident cases of schizophrenia associated with cannabis use after
policy changes can provide an earlier indicator of the possible associations of legalization with
schizophrenia.

Cannabis policy in Canada has shifted markedly over the past 2 decades. Medical cannabis in
Canada has been legal since 2001 for a limited list of severe or chronic medical conditions and was
greatly expanded in 2014 for anyone with medical authorization from a physician indicating they
would therapeutically benefit from cannabis.13 In December 2015, the federal government
committed to legalizing nonmedical cannabis; after this announcement, there were large increases
in illicit and gray market medical and nonmedical cannabis dispensaries and online vendors.14

Legalization of nonmedical cannabis came into effect in October 2018, making Canada the first
country in the world to allow commercial sale of nonmedical cannabis.15,16 The current study is
situated in Ontario, Canada’s most populous province (14.5 million residents). In Ontario, there were
initially restrictions on the number of legal cannabis stores and types of products that could come
to market.17,18 In early 2020, the market in Ontario began to commercialize with the introduction of
new products with high THC content (concentrates, vapes, and edibles) along with the removal of
store restrictions.17,18

These policy changes, combined with robust health administrative data capturing all health
system encounters for all residents of Ontario, provide a unique opportunity to understand the
association of cannabis policy changes with the risk of schizophrenia. We examined how the
population-attributable risk fraction (PARF) for cannabis use disorder (CUD) associated with
schizophrenia changed over time in Ontario in response to medical cannabis liberalization and
nonmedical cannabis legalization with restrictions. PARFs estimate the proportion of cases of a
condition that could have been prevented if the exposure were eliminated, assuming a causal
relationship between exposure and outcome—in our study, the cases of schizophrenia that could
have been prevented if cannabis use patterns severe enough to require care in the emergency
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department (ED) or hospital were eliminated.19,20 We also examined differences in changes over
time stratified by age and sex.

Methods

This project was authorized under section 45 of Ontario’s Personal Health Information Protection
Act, which authorizes ICES (formerly known as the Institute for Clinical Evaluative Sciences) to collect
personal health information without consent for health system management, evaluation,
monitoring, or planning. It was approved by ICES Privacy Office. No informed consent was required
as the study used deidentified health information. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline. Our study
protocol was prespecified and registered with the open-science registries network.21

Study Design, Population, and Data Sources
We conducted a population-based retrospective cohort study examining annual changes in the PARF
of schizophrenia spectrum disorder (herein referred to as schizophrenia) associated with CUD
between January 1, 2006, and December 31, 2022. We used routinely collected health administrative
data from the province of Ontario, Canada. We included all Ontario residents aged 14 to 65 years who
were eligible for the province’s single-payer universal health system (the Ontario Health Insurance
Plan [OHIP], which covers an estimated 97% of residents of Ontario) in at least 1 study year. We
selected the upper age limit of 65 years to minimize misclassification of schizophrenia with
dementia.22 Each year, we excluded people who had not been continually eligible for OHIP in the
previous 3 years, to ensure capture of our primary exposure, and excluded individuals who had
already received a diagnosis of schizophrenia, defined as health service contact for schizophrenia in
the previous 10 years. We used an interrupted time series design to examine changes in the PARF
after specific changes in cannabis policy. Data on all ED visits, hospitalizations, and outpatient
physician visits and sociodemographic characteristics were obtained using 7 individual-level
datasets. These datasets were linked using unique encoded identifiers and analyzed at ICES (see
eMethods 1 in Supplement 1 for details on database holdings).

Exposures
Cannabis Use Disorder
We identified individuals with 1 or more ED visits or inpatient hospitalizations for CUD, defined when
an International Statistical Classification of Diseases and Related Health Problems, Tenth Revision,
Canada (ICD-10-CA) code for cannabis use (F12.X [mental and behavioral disorders due to the use of
cannabinoids] or T40.7 [poisoning by cannabis, including derivatives]) were listed as the main or
contributing reason for the ED visit or as the primary or contributing diagnosis from a hospital
admission on discharge. Attribution of diagnostic codes as main or primary or contributing reason or
diagnosis is based on the clinical judgment of the treating team. In April 2019 specialized mental
health beds in Ontario migrated from using International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) to ICD-10-CM coding. Before April 2019, we used ICD-9-CM codes
304.30 (cannabis dependence) and 305.20 (cannabis abuse) to identify hospitalizations due to
cannabis.23 We additionally captured hospitalization due to cannabis in specialized mental health
beds when 1 of the following International Classification of Diseases, Ninth Revision, codes was listed
as a main or contributing reason for hospitalizations: 304.30 (cannabis dependence) and 305.20
(cannabis abuse).23

Cannabis Policy
We considered the following policy periods: prelegalization (January 2006 to November 2015),
liberalization of medical and nonmedical cannabis (December 2015 to September 2018), and
legalization of nonmedical cannabis (October 2018 to December 2022). In previous work, the
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legalization period was divided into legalization with restrictions (October 2018 to February 2020)
and cannabis commercialization (March 2020 onward).24 We chose a priori to examine an overall
legalization period due to the length of the restricted legalization period and the lag in our outcome.

Outcomes
Primary Outcome
We identified the first onset of schizophrenia based on a medical record–validated algorithm
(sensitivity, 91.6%; specificity, 61.3%).25 Schizophrenia was defined when a diagnostic code for
schizophrenia or schizoaffective disorder (ICD-10-CM codes F20x or F25x and DSM-IV code 295x)
was the (1) primary discharge diagnosis from a general hospital bed, (2) a discharge diagnosis from a
psychiatric hospital bed, or (3) the main or contributing reason for 2 or more outpatient visits or ED
visits occurring within 12 months of each other (with the date of first onset at the time of the second
visit) (eMethods 2 in Supplement 1).

Secondary Outcome
We used the primary outcome schizophrenia definition and additionally included codes for psychotic
disorder not otherwise specified (NOS) (ICD-10-CM code F29x and DSM-IV code 298x). For this
secondary outcome, each year, we further excluded individuals with health service contact for
psychosis NOS in the previous 10 years.

Covariates
We obtained demographic details, including age, sex, rural residence, neighborhood income quintile,
immigration status, and health care use in the past 3 years, including outpatient mental health visits
and ED visits and hospitalizations for substance use and mental health conditions. See eMethods 3 in
Supplement 1 for covariate details.23

Statistical Analysis
We described annual changes in key indicators, including incident schizophrenia diagnoses and
prevalence of CUD. We then used the 2022 population of Ontario as a reference to generate age, sex,
income, rurality, and immigration status standardized annual rates. We then calculated changes in
the PARF over time. We used the following formula to calculate the PARF: PARF = pd
(AHR − 1) / AHR, where pd is the proportion of exposed participants in cases and AHR is the adjusted
hazard ratio obtained from our modeling approach. This method is considered internally valid in the
presence of confounding, assuming all relevant confounders have been identified and adjusted.19,20

Hazard ratios (HRs) can be used in the calculation of PARFs when the outcome is uncommon.19 Given
established differences in age of onset of schizophrenia between males and females, we completed
8 stratified analyses for males and females separately at the ages of 14 to 18 years, 19 to 24 years, 25
to 44 years, and 45 to 65 years.26,27

We obtained HRs for the PARF calculations using multivariable cause-specific hazard models
accounting for the competing risk of all-cause mortality. Each year in the study, we completed an
individual-level analysis to identify a year-specific HR for the association between CUD and incident
cases of schizophrenia or psychosis NOS. Individuals entered the analysis on January 1 of each year
and were censored on December 31 of each year if they had not developed schizophrenia, died, or
lost OHIP eligibility. Exposure was treated as a time-varying covariate in analyses where each year,
individuals had their exposure established on January 1 (exposed if they had 1 ED visit or
hospitalization involving cannabis on or in the 3 years) and unexposed individuals could become
exposed between January 1 and being censored. We adjusted the hazard models for age (splines at
the 5th, 27.5th, 50th, 72.5th, and 95th percentiles), sex (male or female), income quintile (with a
sixth category for missing), rural residence (urban or rural or missing), immigration status, past 3-year
ED visits or hospitalizations for mental health (yes or no separately for mood, anxiety, self-harm, and
other), past 3-year substance use ED visits or hospitalizations (yes or no separately for alcohol,
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opioids, and other), and past 3-year outpatient mental health care visits (yes or no separately for
family medicine and psychiatry). We combined data from each year together into our full dataset for
presentation.

We completed 2 sensitivity analyses for the PARF calculators. First, we generated HRs without
adjusting for past 3-year mental health or past 3-year substance use, which may be mediators rather
than confounders. Second, we used an unlimited lookback period (until database inception in 1991)
when excluding prior cases of schizophrenia.

We calculated PARFs for each of the 3 policy periods: (1) prelegalization, (2) liberalization of
medical cannabis and announcement of nonmedical legalization, and (3) nonmedical cannabis
legalization. We used linear segmented regression to examine changes in the quarterly PARF after
each policy change. Given that the PARF is based on past 3-year health care visits, we examined only
gradual (slope) changes rather than gradual and immediate changes. All analyses included first-
order autocorrelation and adjusted for seasonality. We expressed the gradual change after each
policy period as rate changes with 95% CIs. All statistical analyses were completed using SAS
Enterprise Guide, version 7.1 (SAS Institute Inc). Statistical significance was determined by 95% CIs
that did not cross 1.

Results

Over the 17-year study, we included 13 588 681 individuals (mean [SD] age, 39.3 [16.1] years;
6 804 906 males [50.1%] and 6 783 775 females [49.9%]) in 1 or more years of analysis, of whom
118 650 (0.9%) had an ED visit or hospitalization for a CUD (see the eFigure in Supplement 1 for a
flowchart of cohort exclusions). Over the study period, 91 106 (0.7%) individuals developed
schizophrenia: 10 583 of 118 650 individuals with CUD (8.9%) developed schizophrenia, compared
with 80 523 of 13 470 031 individuals without CUD (0.6%) (Table 1). Compared with individuals
without CUD, individuals with CUD were more likely to be male (72 418 of 118 650 [61.0%] vs
6 732 488 of 13 470 031 [50.0%]), to be younger (mean [SD] age, 27.5 [12.1] years vs 39.4 [16.1]
years), and to live in lower-income neighborhoods (33 799 of 118 650 [28.5%] vs 2 655 333 of
13 470 031 [19.7%] in the lowest income quintile) and less likely to be immigrants to Canada (10 475
of 118 650 [8.8%] vs 2 877 440 of 13 470 031 [21.4%]) Individuals with CUD had substantially higher
levels of prior outpatient and acute care associated with mental health and substance use.

Figure 1 shows changes in the incidence of CUD, schizophrenia, and psychosis NOS, along with
the association between CUD and schizophrenia and between CUD and psychosis NOS and the PARF
over time. Between 2006 and 2022, the annual age- and sex-standardized incidence rate of CUD
increased by 497.4% (from 99.2 to 493.2 per 100 000 individuals). The annual age- and
sex-standardized incidence of schizophrenia decreased by 27.2% between 2006 and 2022 (from
69.3 to 54.5 per 100 000 individuals). The annual age- and sex-standardized incidence of psychosis
NOS increased by 83.7% between 2006 and 2022 (from 30.0 to 55.1 per 100 000 individuals). The
same trends were observed with crude rates and adjustment for changes immigration status
(eTable 1 in Supplement 1). The AHR for the association between CUD in the past 3 years and
development of schizophrenia ranged between 1.80 (95% CI, 1.54-2.09) in 2006 to 3.67 (95% CI,
3.32-4.05) in 2020 and varied over time. The adjusted PARF increased from 1.6% (95% CI,
1.1%-2.0%) in 2006 to 9.6% (95% CI, 8.8%-10.3%) in 2022. The adjusted PARF for CUD in the past 3
years and development of psychosis NOS increased from 3.4% (95% CI, 2.9%-3.9%) in 2006 to
11.3% (95% CI, 10.7%-11.8%) in 2022. The PARF varied by age and sex but increased over time in all
age and sex groups (Figure 2). The mean (SD) age at onset of schizophrenia decreased from 38.8
(13.6) years in 2006 to 36.4 (14.1) years in 2022.

In sensitivity analyses, the estimated PARF in 2022 remained higher when not using any
adjustment for past care for mental health or substance use (15.1% [95% CI, 14.8-15.5%]) than when
using an unlimited lookback for excluding cases of schizophrenia (10.2% [95% CI, 9.3%-11.0%]) (see
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eTable 2 in Supplement 1 for values across all years). Table 2 summarizes changes in key population-
level indicators of the association between CUD and schizophrenia and the burden of CUD on
schizophrenia by legalization policy period. The proportion of incident cases of schizophrenia among
patients who were treated for CUD in the past 3 years increased from 7.0% (3637 of 52 337) in the
prelegalization period to 16.7% (3553 of 21 317) during the legalization period. The adjusted PARF of
CUD associated with schizophrenia almost tripled from 3.7% (95% CI, 2.7%-4.7%) during the
prelegalization period to 10.3% (95% CI, 8.9%-11.7%) during the postlegalization period.

Table 1. Characteristics of Individuals Included in at Least 1 Year of Study

Characteristic

No. (%)
ED visit or hospitalization
for cannabis use disorder
(n = 118 650)

General population
(n = 13 470 031)

Total population
(N = 13 588 681)

Sex

Male 72 418 (61.0) 6 732 488 (50.0) 6 804 906 (50.1)

Female 46 232 (39.0) 6 737 543 (50.0) 6 783 775 (49.9)

Age, y

Mean (SD) 27.5 (12.1) 39.4 (16.1) 39.3 (16.1)

14-18 33 454 (28.2) 1 902 932 (14.1) 1 936 386 (14.2)

19-24 29 402 (24.8) 1 400 833 (10.4) 1 430 235 (10.5)

25-44 41 248 (34.8) 4 588 941 (34.1) 4 630 189 (34.1)

45-65 14 546 (12.3) 5 577 325 (41.4) 5 591 871 (41.2)

Rurality

Urban 103 890 (87.6) 12 077 044 (89.7) 12 180 934 (89.6)

Rural 14 242 (12.0) 1 369 832 (10.2) 1 384 074 (10.2)

Neighborhood income quintile

1 (Lowest) 33 799 (28.5) 2 655 333 (19.7) 2 689 132 (19.8)

2 24 908 (21.0) 2 640 110 (19.6) 2 665 018 (19.6)

3 21 570 (18.2) 2 669 323 (19.8) 2 690 893 (19.8)

4 19 746 (16.6) 2 716 296 (20.2) 2 736 042 (20.1)

5 (Highest) 17 810 (15.0) 2 741 000 (20.3) 2 758 810 (20.3)

Immigration status

Born outside Canada 10 475 (8.8) 2 877 440 (21.4) 2 887 915 (21.3)

Substance use acute care visits
in past 3 y

Alcohol 14 963 (12.6) 127 378 (0.9) 142 341 (1.0)

Opioids 4051 (3.4) 18 299 (0.1) 22 350 (0.2)

Cocaine 5938 (5.0) 15 961 (0.1) 21 899 (0.2)

Amphetamine 2814 (2.4) 5526 (0.04) 8340 (0.1)

Polysubstance use 9382 (7.9) 32 559 (0.2) 41 941 (0.3)

Other 1948 (1.6) 5189 (0.04) 7137 (0.1)

Mental health acute care visits
in past 3 y

Any 50 725 (42.8) 477 246 (3.5) 527 971 (3.9)

Mood disorder 17 255 (14.5) 136 362 (1.0) 153 617 (1.1)

Anxiety disorder 20 470 (17.3) 226 737 (1.7) 247 207 (1.8)

Deliberate self-harm 10 672 (9.0) 69 313 (0.5) 79 985 (0.6)

Other 35 041 (29.5) 186 536 (1.4) 221 577 (1.6)

Outpatient mental health and
addiction visits in past 3 y

Any 50 092 (42.2) 2 017 699 (15.0) 2 067 791 (15.2)

Family physician 43 109 (36.3) 1 844 736 (13.7) 1 887 845 (13.9)

Psychiatrist 20 922 (17.6) 393 715 (2.9) 414 637 (3.1)

Primary outcome or death

Developed schizophrenia 10 583 (8.9) 80 523 (0.6) 91 106 (0.7)

Died 4823 (4.1) 331 765 (2.5) 336 588 (2.5)
Abbreviation: ED, emergency department.
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The overall incidence of schizophrenia per 100 000 individuals was stable in the prelegalization
and postlegalization periods (prelegalization, 53.5; postlegalization, 53.3) while the incidence of
psychosis NOS increased by 60.2% (prelegalization, 33.9; postlegalization, 54.3) (Table 2). The
annual incidence rate of schizophrenia per 100 000 individuals increased from 29.2 to 35.6 (21.8%)
among females aged 14 to 18 years and from 52.5 to 68.7 (30.9%) among females aged 19 to 24 years
while declining from 49.0 to 43.4 (11.3%) among females aged 25 to 44 years and from 49.2 to 35.6
(27.7%) among females aged 45 to 65 years. The annual incidence rate of schizophrenia per 100 000
individuals decreased from 63.2 to 51.3 (18.8%) among males aged 14 to 18 years and from 43.7 to
36.6 (16.9%) among males aged 45 to 65 years while increasing from 141.7 to 146.7 (3.5%) among
males aged 19 to 24 years and from 69.5 to 81.2 (16.8%) among males aged 25 to 44 years. During
the legalization period, the PARF was highest among males aged 19 to 24 years (18.9% [95% CI,
16.8%-21.0%]) and males aged 14 to 18 years (17.8% [95% CI, 15.2%-20.3%]) and lowest among
females aged 45 to 65 years (1.8% [95% CI, 1.1%-2.6%]). The largest absolute increase in PARF
between the prelegalization and postlegalization periods was among individuals aged 19 to 24 years,
which increased among males from 8.5% (95% CI, 6.7%-10.3%) to 18.9% (95% CI, 16.8%-21.0%)
and among females from 4.8% (95% CI, 3.3%-6.3%) to 12.0% (95% CI, 9.5%-14.6%).

Figure 3 shows the interrupted time series model estimating the association of nonmedical
cannabis liberalization in 2015 and legalization in 2018 with changes in the PARF for CUDs associated
with schizophrenia and psychosis NOS. During the prelegalization period the PARF of CUD associated

Figure 1. Changes in the Past 3-Year Prevalence of Cannabis Use Disorder (CUD), Incidence of Schizophrenia and Psychosis Not Otherwise Specified (NOS),
and the Population-Attributable Risk Fraction (PARF) Over Time
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Figure 2. Changes in the Population-Attributable Risk Fraction (PARF) Over Time of Cannabis Use Disorder (CUD) Associated With Schizophrenia
and the Incidence of Schizophrenia by Age and Sex
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with schizophrenia was increasing significantly by 0.1% per quarter (95% CI, 0.1%-0.2%) and medical
cannabis liberalization and nonmedical cannabis legalization with restrictions were not associated
with any significant gradual changes in the prelegalization trend of an increasing PARF over time.
During the prelegalization period, the PARF of CUD associated with psychosis NOS increased
significantly by 0.1% per quarter (95% CI, 0.04%-0.2%). Medical cannabis liberalization was
associated with a significant slope change, and the PARF increased by 0.3% per quarter (95% CI,
0.03%-0.5%). Nonmedical legalization with restrictions was not associated with any further
significant changes in slope (see eTable 3 in Supplement 1 for full model coefficients).

Table 2. Changes in CUD, Schizophrenia, and the Population-Attributable Fraction by Cannabis Policy Period

Measure

Policy period
Medical cannabis
with restrictions,
Q1 2006 to Q3 2015

Medical and nonmedical
cannabis liberalization,
Q4 2015 to Q3 2018

Nonmedical
legalization,
Q4 2018 to Q4 2022

Age- and sex-standardized rate
per 100 000 person-years

Prevalence of CUD in past 3 y 35.4 143.3 182.4

Incident schizophrenia 53.5 52.8 53.3

Incident psychosis NOS 33.9 45.8 54.3

Incident schizophrenia, No. 52 337 14 195 21 317

Incident schizophrenia with CUD
exposure, No. (%)

3637 (7.0) 1672 (11.8) 3553 (16.7)

Incident psychosis NOS, No. 35 533 12 471 21 942

Incident psychosis NOS with CUD
exposure, No. (%)

2379 (6.7) 1348 (10.8) 3278 (14.9)

Adjusted HR (95% CIs) for development of
schizophrenia and psychosis NOS for those
with CUD vs those without CUDa

CUD and schizophrenia 2.60 (2.30-2.89) 2.83 (2.75-2.92) 3.07 (2.67-3.47)

CUD and psychosis NOS 4.17 (3.58-4.76) 4.29 (4.09-4.49) 5.13 (4.38-5.89)

Adjusted PARF (95% CIs) for development
of schizophrenia and psychosis NOS
associated with CUDa

CUD and schizophrenia 3.68 (2.72-4.65) 7.26 (6.42-8.09) 10.27 (8.86-11.68)

CUD and psychosis NOS 4.47 (3.61-5.32) 8.00 (7.13-8.86) 11.64 (10.43-12.85)

Incidence rate of schizophrenia per
100 000 person-years, by age and sex

Male

14-18 y 63.2 59.2 51.3

19-24 y 141.7 157.5 146.7

25-44 y 69.5 75.0 81.2

45-65 y 43.7 36.4 36.3

Female

14-18 y 29.2 38.7 35.6

19-24 y 52.5 59.2 68.7

25-44 y 49.0 41.0 43.4

45-65 y 49.2 37.5 35.6

Adjusted PARF (95% CIs) for CUD
and schizophrenia by age and sexb

Male

14-18 y 13.44 (10.37-16.50) 18.33 (15.09-21.56) 17.77 (15.24-20.30)

19-24 y 8.46 (6.67-10.25) 14.43 (13.04-15.82) 18.88 (16.79-20.97)

25-44 y 2.55 (1.79-3.30) 6.82 (4.64-9.01) 9.80 (7.75-11.86)

45-65 y 0.68 (0.41-0.96) 2.10 (1.33-2.87) 2.54 (2.26-2.83)

Female

14-18 y 5.63 (3.95-7.30) 8.23 (5.85-10.61) 7.33 (2.76-11.91)

19-24 y 4.77 (3.27-6.28) 7.68 (6.94-8.42) 12.04 (9.50-14.57)

25-44 y 1.21 (0.78-1.64) 1.65 (1.23-2.06) 5.94 (4.75-7.13)

45-65 y 0.34 (0.04-0.64) 0.65 (0.56-0.75) 1.81 (1.06-2.56)

Abbreviations: CUD, cannabis use disorder; HR, hazard
ratio; NOS, not otherwise specified; PARF,
population-attributable risk fraction; Q, quarter.
a Adjusted for age in splines, sex, income quintile, rural

location, immigration status, past 3-year acute
mental health care (separately for mood, anxiety,
self-harm, other), past 3-year substance use health
care (separately for alcohol, opioids, other), and past
3-year outpatient mental health care (separately for
family medicine and psychiatry).

b Adjusted for income quintile, rural location,
immigration status, past 3-year acute mental health
care (separately for mood, anxiety, self-harm, other),
past 3-year substance use health care (separately for
alcohol, opioids, other), and past 3-year outpatient
mental health care (separately for family medicine
and psychiatry).
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Discussion

Over the past 17 years, the proportion of new cases of schizophrenia in Ontario, Canada, associated
with diagnosed CUD has increased from 1.6% in 2006 to 9.6% in 2022. The percentage of new cases
of schizophrenia associated with CUD increased gradually over time and did not accelerate after the
liberalization of medical cannabis or the legalization of nonmedical cannabis. Increases in the
percentage of new cases of psychosis NOS associated with CUD accelerated after medical cannabis
legalization. The risk of developing schizophrenia associated with CUD was fairly stable over time,
and the increases in the PARF were associated primarily with an increasing prevalence of CUD in the
population. There were large variations in the PARF by age and sex, with a much larger proportion
of cases of schizophrenia associated with CUDs among youths, particularly among males.

The increasing PARF for CUD associated with schizophrenia are consistent with population-
representative surveys on cannabis use in Ontario. Between 2006 and 2022, the percentage of
Ontario residents aged 18 years or older who reported past-year cannabis use and patterns placing
them at moderate or high risk of experiencing social problems or cannabis dependence increased by
145.5% (from 13.4% in 2006 to 32.9% in 2022) and 223.3% (from 6.0% in 2006 to 19.4% in 2022),
respectively.28 The THC content of cannabis in North America has more than doubled over our study

Figure 3. Changes in the Population-Attributable Fraction (PARF) for Cannabis Use Disorder Associated With Schizophrenia and Psychosis
Not Otherwise Specified (NOS)
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indicate 95% CIs.
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time frame, with more than 70% of legal dried cannabis sold in Ontario currently exceeding 20%
THC.29 Consistent with increasing cannabis use and potency, ED visits in Ontario for cannabis-
induced psychosis and CUD have increased over time.24,29 Our results, and those of others, highlight
that the association between CUD and schizophrenia may be particularly elevated among younger
males, in whom an estimated 18.9% of incident schizophrenia cases were associated with CUD by the
end of the study.30

Specific to cannabis policy, we observed no change in the prelegalization trend of increasing
PARF over time for our primary outcome after medical cannabis liberalization and nonmedical
cannabis legalization with restrictions. The PARF of CUD associated with our secondary outcome
(psychosis NOS) did accelerate after medical cannabis liberalization in 2015. These findings should be
interpreted with 2 caveats. First, attribution of the associations of changes in cannabis policy from
changing social norms and behaviors in the lead-up to changes is challenging. Although evidence
from the US and Canada has found large increases over time in CUDs, the association of legalization
with these trends has been modest, with increases also occurring in regions without legal
cannabis.24,31 Prior work has supported that cannabis use in Canada began increasing prelegalization
when the government announced it intended to legalize cannabis and there were increasing societal
discussions and acceptance of cannabis.32 Second, our study does not fully evaluate cannabis
legalization, as the market was heavily restricted before 2020, leaving less than 2 years of higher
retail and high-potency product exposure for individuals to develop new CUDs, develop
schizophrenia, and receive a formal diagnosis. The final 2 years of our study also overlapped with the
COVID-19 pandemic, which resulted in changes in health service use. Evidence suggests that greater
exposure to cannabis retail stores and higher-potency cannabis products is associated with increased
cannabis use and harms and ongoing monitoring is indicated.8,33,34

The overall incidence of schizophrenia in our study was stable, consistent with prior work on
changes immediately after cannabis legalization in Canada.35 However, this stability occurred
because the incidence of schizophrenia increased among younger individuals while decreasing in
older adults. Increasing rates of schizophrenia among younger adults are of considerable concern and
may be capturing important harms associated with increasing cannabis use, as youths are considered
the most vulnerable to cannabis use. Increases over time in PARF were much larger than the changes
in incidence of schizophrenia. There are several potential explanations for this discrepancy. First,
rates of schizophrenia may be subject to diagnostic drift, where clinicians have become less willing to
diagnose individuals with schizophrenia due to increasing rates of concurrent substance use
disorders. This possibility is supported by our findings that the incidence of psychosis NOS increased
over our study time frame and accelerated after the legalization of medical cannabis. Second, part
of the increase in PARF may capture better detection and documentation of CUD over time rather
than an actual increase in the prevalence of CUD. In this case, more recent estimates are now better
capturing the underlying burden of CUD on schizophrenia. Third, CUD may have a relatively small
causal effect on the incidence of schizophrenia at the population level, with associations observed in
our study possibly being due to confounding environmental and genetic factors.36,37

Limitations
Our study has several limitations. First, our PARF estimations are considered valid only assuming all
relevant confounders have been identified and adjusted for. We did not have access to several
important potential confounders, including individual-level income, educational attainment, family
history of mental health disorders, and genetics. Consequently, while the magnitude of our PARFs
should be interpreted with caution (eg, diagnosed CUD may not cause 10% of cases of
schizophrenia), the increases over time likely capture important trends. Second, our exposure
definition of CUD (treatment in the ED or hospital) is specific but less sensitive for CUD. Individuals
with CUD or who heavily use cannabis, who received outpatient care, or did not seek care would be
misclassified in the general population, biasing our results toward the null. Estimates suggest
approximately 2.3% of individuals in Ontario have had problems stopping or cutting back on
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cannabis use in the past 3 months, which is almost triple the prevalence of CUD treatment in our
study.38 Third, although the exposure objectively captures a clinically relevant pattern of cannabis
use requiring ED or hospital-based care, some of these individuals may not have CUD. Fourth, we
used a 10-year lookback period to establish an incident diagnosis of schizophrenia, and individuals
who had more than 10 years between episodes of care would be counted twice. This bias is
consistent over time. Fifth, the final period of our study overlapped with the COVID-19 pandemic,
during which time there were important impacts on health service use, possibly underestimating the
number of incident cases with schizophrenia, which could influence the HRs and PARF estimates in
this period. Ongoing research examining postpandemic periods and tracking changes as the cannabis
market matures, including increasing THC content of products, is indicated.

Conclusions

In this cohort study of individuals aged 14 to 65 years in Ontario, the proportion of incident cases of
schizophrenia associated with CUD almost tripled during a period encompassing ongoing
liberalization of medical and nonmedical cannabis. Although the proportion of cases of schizophrenia
associated with CUD increased fairly linearly over time, incident cases of psychosis NOS and the
proportion associated with CUD accelerated after cannabis liberalization. Ongoing research is
needed on long-term trends in the incidence of psychotic disorders associated with changes in
cannabis policy, particularly the commercialization of the legal cannabis market, which was not well
captured in this study.

ARTICLE INFORMATION
Accepted for Publication: November 11, 2024.

Published: February 4, 2025. doi:10.1001/jamanetworkopen.2024.57868

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2025 Myran DT
et al. JAMA Network Open.

Corresponding Author: Daniel T. Myran MD, MPH, Ottawa Hospital Research Institute, 1053 Carling Ave, Box 693,
Ottawa, ON K1Y 4E9, Canada (dmyran@ohri.ca).

Author Affiliations: Ottawa Hospital Research Institute, Ottawa, Ontario, Canada (Myran, Harrison, Solmi,
Fiedorowicz, Manuel, Taljaard, Webber); Department of Family Medicine, University of Ottawa, Ottawa, Ontario,
Canada (Myran, Manuel); ICES uOttawa, Ottawa Hospital Research Institute, Ottawa, Ontario, Canada (Myran,
Pugliese, Webber, Tanuseputro); Bruyère Health Research Institute, Ottawa, Ontario, Canada (Harrison, Manuel,
Webber, Tanuseputro); Department of Psychiatry, University of Ottawa, Ottawa, Ontario, Canada. (Solmi,
Fiedorowicz); Department of Mental Health, The Ottawa Hospital, Ottawa, Ontario, Canada. (Solmi, Fiedorowicz);
School of Epidemiology and Public Health, Faculty of Medicine, University of Ottawa, Ottawa, Ontario, Canada
(Solmi, Fiedorowicz, Taljaard); Department of Child and Adolescent Psychiatry, Charité Universitätsmedizin, Berlin,
Germany (Solmi); Department of Epidemiology and Biostatistics, Schulich School of Medicine & Dentistry, Western
University, London, Ontario, Canada (Anderson); Department of Psychiatry, Schulich School of Medicine &
Dentistry, Western University, London, Ontario, Canada (Anderson); ICES Western, London, Ontario, Canada
(Anderson); Division of Pediatric Emergency Medicine, Hospital for Sick Children, Toronto, Ontario, Canada
(Finkelstein); Division of Clinical Pharmacology and Toxicology, Hospital for Sick Children, Toronto, Ontario, Canada
(Finkelstein); Department of Paediatrics, University of Toronto, Toronto, Ontario, Canada (Finkelstein);
Department of Pharmacology and Toxicology, University of Toronto, Toronto, Ontario, Canada (Finkelstein).

Author Contributions: Dr Myran and Mr Pugliese had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: Myran, Solmi, Fiedorowicz, Taljaard, Webber, Tanuseputro.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Myran, Pugliese, Harrison, Solmi.

Critical review of the manuscript for important intellectual content: Myran, Harrison, Solmi, Anderson, Fiedorowicz,
Finkelstein, Manuel, Taljaard, Webber, Tanuseputro.

JAMA Network Open | Substance Use and Addiction Incident Schizophrenia and Cannabis Use Disorder After Cannabis Legalization

JAMA Network Open. 2025;8(2):e2457868. doi:10.1001/jamanetworkopen.2024.57868 (Reprinted) February 4, 2025 12/15

Downloaded from jamanetwork.com by guest on 03/10/2025

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.57868&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.57868
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.57868
mailto:dmyran@ohri.ca


Statistical analysis: Myran, Pugliese, Harrison, Manuel, Taljaard.

Obtained funding: Myran, Solmi, Fiedorowicz.

Administrative, technical, or material support: Myran, Webber.

Supervision: Myran, Solmi, Finkelstein, Tanuseputro.

Conflict of Interest Disclosures: Dr Solmi reported receiving honoraria from Otsuka and AbbVie; and serving as a
consultant for and on the advisory board of Boehringer Ingelheim outside the submitted work. No other
disclosures were reported.

Funding/Support: This work was supported by the Canadian Institutes of Health Research (project grant
452360), and by ICES, which is funded by an annual grant from the Ontario Ministry of Health and the Ministry of Long-
Term Care.

Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Disclaimer: The analyses, conclusions, opinions, and statements expressed herein are solely those of the authors
and do not reflect those of the funding or data sources; no endorsement is intended or should be inferred.

Data Sharing Statement: See Supplement 2.

Additional Contributions: This document used data adapted from the Statistics Canada Postal Code Conversion
File, which is based on data licensed from Canada Post Corporation, and/or data adapted from the Ontario Ministry
of Health Postal Code Conversion File, which contains data copied under license from Canada Post Corporation
and Statistics Canada. Parts of this material are based on data and/or information compiled and provided by CIHI;
Ontario Ministry of Health; Immigration, Refugees and Citizenship Canada current to September 2020; and
Statistics Canada, CENSUS, December 23, 2023.

REFERENCES
1. Vaucher J, Keating BJ, Lasserre AM, et al. Cannabis use and risk of schizophrenia: a mendelian randomization
study. Mol Psychiatry. 2018;23(5):1287-1292. doi:10.1038/mp.2016.252

2. Dragioti E, Radua J, Solmi M, et al. Global population attributable fraction of potentially modifiable risk factors
for mental disorders: a meta-umbrella systematic review. Mol Psychiatry. 2022;27(8):3510-3519. doi:10.1038/
s41380-022-01586-8

3. Arango C, Dragioti E, Solmi M, et al. Risk and protective factors for mental disorders beyond genetics: an
evidence-based atlas. World Psychiatry. 2021;20(3):417-436. doi:10.1002/wps.20894

4. Potter DJ, Hammond K, Tuffnell S, Walker C, Di Forti M. Potency of Δ9-tetrahydrocannabinol and other
cannabinoids in cannabis in England in 2016: implications for public health and pharmacology. Drug Test Anal.
2018;10(4):628-635. doi:10.1002/dta.2368

5. Solmi M, De Toffol M, Kim JY, et al. Balancing risks and benefits of cannabis use: umbrella review of meta-
analyses of randomised controlled trials and observational studies. BMJ. 2023;382:e072348. doi:10.1136/bmj-
2022-072348

6. Myran DT, Harrison LD, Pugliese M, et al. Transition to schizophrenia spectrum disorder following emergency
department visits due to substance use with and without psychosis. JAMA Psychiatry. 2023;80(11):1169-1174. doi:
10.1001/jamapsychiatry.2023.3582

7. National Academies of Sciences, Engineering, and Medicine. The Health Effects of Cannabis and Cannabinoids:
The Current State of Evidence and Recommendations for Research. National Academies Press; 2017.

8. Petrilli K, Ofori S, Hines L, Taylor G, Adams S, Freeman TP. Association of cannabis potency with mental ill health
and addiction: a systematic review. Lancet Psychiatry. 2022;9(9):736-750. doi:10.1016/S2215-0366(22)00161-4

9. United Nations Office on Drugs and Crime. World drug report 2022. Accessed July 9, 2024. https://www.unodc.
org/unodc/en/data-and-analysis/world-drug-report-2022.html

10. Hjorthøj C, Posselt CM, Nordentoft M. Development over time of the population-attributable risk fraction for
cannabis use disorder in schizophrenia in Denmark. JAMA Psychiatry. 2021;78(9):1013-1019. doi:10.1001/
jamapsychiatry.2021.1471

11. Elser H, Humphreys K, Kiang MV, et al. State cannabis legalization and psychosis-related health care utilization.
JAMA Netw Open. 2023;6(1):e2252689. doi:10.1001/jamanetworkopen.2022.52689

12. Aday LA, Andersen R. A framework for the study of access to medical care. Health Serv Res. 1974;9(3):
208-220.

13. Fischer B, Kuganesan S, Room R. Medical marijuana programs: implications for cannabis control policy—
observations from Canada. Int J Drug Policy. 2015;26(1):15-19. doi:10.1016/j.drugpo.2014.09.007

JAMA Network Open | Substance Use and Addiction Incident Schizophrenia and Cannabis Use Disorder After Cannabis Legalization

JAMA Network Open. 2025;8(2):e2457868. doi:10.1001/jamanetworkopen.2024.57868 (Reprinted) February 4, 2025 13/15

Downloaded from jamanetwork.com by guest on 03/10/2025

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.57868&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.57868
https://dx.doi.org/10.1038/mp.2016.252
https://dx.doi.org/10.1038/s41380-022-01586-8
https://dx.doi.org/10.1038/s41380-022-01586-8
https://dx.doi.org/10.1002/wps.20894
https://dx.doi.org/10.1002/dta.2368
https://dx.doi.org/10.1136/bmj-2022-072348
https://dx.doi.org/10.1136/bmj-2022-072348
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2023.3582&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.57868
https://dx.doi.org/10.1016/S2215-0366(22)00161-4
https://www.unodc.org/unodc/en/data-and-analysis/world-drug-report-2022.html
https://www.unodc.org/unodc/en/data-and-analysis/world-drug-report-2022.html
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2021.1471&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.57868
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2021.1471&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.57868
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.52689&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.57868
https://www.ncbi.nlm.nih.gov/pubmed/4436074
https://www.ncbi.nlm.nih.gov/pubmed/4436074
https://dx.doi.org/10.1016/j.drugpo.2014.09.007


14. Mahamad S, Hammond D. Retail price and availability of illicit cannabis in Canada. Addict Behav. 2019;90:
402-408. doi:10.1016/j.addbeh.2018.12.001

15. Task Force on Cannabis Legalization and Regulation. A framework for the legalization and regulation of
cannabis in Canada. November 30, 2016. Accessed July 9, 2024. https://www.canada.ca/en/health-canada/services/
drugs-medication/cannabis/laws-regulations/task-force-cannabis-legalization-regulation/framework-
legalization-regulation-cannabis-in-canada.html

16. Parliament of Canada. Cannabis Act (S.C. 2018, c. 16). 2018. Accessed July 9, 2024. https://laws-lois.justice.
gc.ca/eng/acts/c-24.5/

17. Myran DT, Staykov E, Cantor N, et al. How has access to legal cannabis changed over time? an analysis of the
cannabis retail market in Canada two years following the legalization of recreational cannabis. Drug Alcohol Rev.
2022;41(2):377-385. doi:10.1111/dar.13351

18. Myran DT, Friesen EL, Dickson S, Konikoff L, Arora G, Tanuseputro P. Access to legal cannabis market in Canada
over the four years following non-medical cannabis legalisation. Drug Alcohol Rev. 2023;42(5):1114-1119. doi:10.
1111/dar.13650

19. Mansournia MA, Altman DG. Population attributable fraction. BMJ. 2018;360:k757. doi:10.1136/bmj.k757

20. Rockhill B, Newman B, Weinberg C. Use and misuse of population attributable fractions. Am J Public Health.
1998;88(1):15-19. doi:10.2105/AJPH.88.1.15

21. OSF Registries. Association between cannabis liberalization, first-presentation ED visits due to cannabis and
subsequent transition to schizophrenia. Updated January 14, 2024. Accessed December 11, 2024. https://osf.
io/sjt7v

22. Ministry of Health and Long-Term Care. Early Psychosis Intervention program standards. March 31, 2011.
Accessed July 9, 2024. https://www.nasmhpd.org/sites/default/files/epi_program_standards.pdf

23. ICES. Mental health and addictions system performance in Ontario: 2021 scorecard: technical appendix. 2021.
Accessed October 25, 2023. https://www.ices.on.ca/publications/research-reports/mental-health-and-addictions-
system-performance-in-ontario-2021-scorecard/

24. Myran DT, Pugliese M, Tanuseputro P, Cantor N, Rhodes E, Taljaard M. The association between recreational
cannabis legalization, commercialization and cannabis-attributable emergency department visits in Ontario,
Canada: an interrupted time-series analysis. Addiction. 2022;117(7):1952-1960. doi:10.1111/add.15834

25. Kurdyak P, Lin E, Green D, Vigod S. Validation of a Population-Based Algorithm to Detect Chronic Psychotic
Illness. Can J Psychiatry. 2015;60(8):362-368. doi:10.1177/070674371506000805

26. Riecher-Rössler A, Butler S, Kulkarni J. Sex and gender differences in schizophrenic psychoses-a critical review.
Arch Womens Ment Health. 2018;21(6):627-648. doi:10.1007/s00737-018-0847-9

27. Ochoa S, Usall J, Cobo J, Labad X, Kulkarni J. Gender differences in schizophrenia and first-episode psychosis:
a comprehensive literature review. Schizophr Res Treatment. 2012;2012:916198. doi:10.1155/2012/916198

28. Centre for Addiction and Mental Health (CAMH). CAMH monitor. Accessed November 8, 2023. https://www.
camh.ca/en/science-and-research/institutes-and-centres/institute-for-mental-health-policy-research/
camh-monitor

29. Myran DT, Pugliese M, Roberts RL, et al. Association between non-medical cannabis legalization and
emergency department visits for cannabis-induced psychosis. Mol Psychiatry. 2023;28(10):4251-4260. doi:10.
1038/s41380-023-02185-x

30. Hjorthøj C, Compton W, Starzer M, et al. Association between cannabis use disorder and schizophrenia
stronger in young males than in females. Psychol Med. 2023;53(15):7322-7328. doi:10.1017/S0033291723000880

31. Hasin DS, Wall MM, Choi CJ, et al. State cannabis legalization and cannabis use disorder in the US Veterans
Health Administration, 2005 to 2019. JAMA Psychiatry. 2023;80(4):380-388. doi:10.1001/jamapsychiatry.
2023.0019

32. Imtiaz S, Nigatu YT, Ali F, et al. Cannabis legalization and cannabis use, daily cannabis use and cannabis-related
problems among adults in Ontario, Canada (2001-2019). Drug Alcohol Depend. 2023;244:109765. doi:10.1016/j.
drugalcdep.2023.109765

33. Myran DT, Imtiaz S, Konikoff L, Douglas L, Elton-Marshall T. Changes in health harms due to cannabis following
legalisation of non-medical cannabis in Canada in context of cannabis commercialisation: a scoping review. Drug
Alcohol Rev. 2023;42(2):277-298. doi:10.1111/dar.13546

34. Cantor N, Silverman M, Gaudreault A, et al. The association between physical availability of cannabis retail
outlets and frequent cannabis use and related health harms: a systematic review. Lancet Reg Health Am. 2024;32:
100708. doi:10.1016/j.lana.2024.100708

JAMA Network Open | Substance Use and Addiction Incident Schizophrenia and Cannabis Use Disorder After Cannabis Legalization

JAMA Network Open. 2025;8(2):e2457868. doi:10.1001/jamanetworkopen.2024.57868 (Reprinted) February 4, 2025 14/15

Downloaded from jamanetwork.com by guest on 03/10/2025

https://dx.doi.org/10.1016/j.addbeh.2018.12.001
https://www.canada.ca/en/health-canada/services/drugs-medication/cannabis/laws-regulations/task-force-cannabis-legalization-regulation/framework-legalization-regulation-cannabis-in-canada.html
https://www.canada.ca/en/health-canada/services/drugs-medication/cannabis/laws-regulations/task-force-cannabis-legalization-regulation/framework-legalization-regulation-cannabis-in-canada.html
https://www.canada.ca/en/health-canada/services/drugs-medication/cannabis/laws-regulations/task-force-cannabis-legalization-regulation/framework-legalization-regulation-cannabis-in-canada.html
https://laws-lois.justice.gc.ca/eng/acts/c-24.5/
https://laws-lois.justice.gc.ca/eng/acts/c-24.5/
https://dx.doi.org/10.1111/dar.13351
https://dx.doi.org/10.1111/dar.13650
https://dx.doi.org/10.1111/dar.13650
https://dx.doi.org/10.1136/bmj.k757
https://dx.doi.org/10.2105/AJPH.88.1.15
https://osf.io/sjt7v
https://osf.io/sjt7v
https://www.nasmhpd.org/sites/default/files/epi_program_standards.pdf
https://www.ices.on.ca/publications/research-reports/mental-health-and-addictions-system-performance-in-ontario-2021-scorecard/
https://www.ices.on.ca/publications/research-reports/mental-health-and-addictions-system-performance-in-ontario-2021-scorecard/
https://dx.doi.org/10.1111/add.15834
https://dx.doi.org/10.1177/070674371506000805
https://dx.doi.org/10.1007/s00737-018-0847-9
https://dx.doi.org/10.1155/2012/916198
https://www.camh.ca/en/science-and-research/institutes-and-centres/institute-for-mental-health-policy-research/camh-monitor
https://www.camh.ca/en/science-and-research/institutes-and-centres/institute-for-mental-health-policy-research/camh-monitor
https://www.camh.ca/en/science-and-research/institutes-and-centres/institute-for-mental-health-policy-research/camh-monitor
https://dx.doi.org/10.1038/s41380-023-02185-x
https://dx.doi.org/10.1038/s41380-023-02185-x
https://dx.doi.org/10.1017/S0033291723000880
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2023.0019&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.57868
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2023.0019&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.57868
https://dx.doi.org/10.1016/j.drugalcdep.2023.109765
https://dx.doi.org/10.1016/j.drugalcdep.2023.109765
https://dx.doi.org/10.1111/dar.13546
https://dx.doi.org/10.1016/j.lana.2024.100708


35. Anderson KK, Rodrigues R, Le B, et al. Impact of non-medical cannabis legalization with market restrictions on
health service use and incident cases of psychotic disorder in Ontario, Canada. Int J Drug Policy. 2024;123:
104285. doi:10.1016/j.drugpo.2023.104285

36. Gillespie NA, Kendler KS. Use of genetically informed methods to clarify the nature of the association between
cannabis use and risk for schizophrenia. JAMA Psychiatry. 2021;78(5):467-468. doi:10.1001/jamapsychiatry.
2020.3564

37. Guloksuz S, Pries LK, Delespaul P, et al; Genetic Risk and Outcome of Psychosis (GROUP) investigators.
Examining the independent and joint effects of molecular genetic liability and environmental exposures in
schizophrenia: results from the EUGEI study. World Psychiatry. 2019;18(2):173-182. doi:10.1002/wps.20629

38. Nigatu YT, Hamilton HA. CAMH Monitor eReport 2023: substance use, mental health and well-being among
Ontario adults, 1977-2023. Centre for Addiction and Mental Health (CAMH). Accessed July 9, 2024. https://www.
drugsandalcohol.ie/40519/1/CAMH_Monitor_2023_full_report.pdf

SUPPLEMENT 1.
eMethods 1. Data Sources and Data Availability
eMethods 2. Outcome Definition
eMethods 3. Covariates
eReferences.
eFigure. Cohort Flow Chart
eTable 1. Crude and Standardized Annual Rates of Incident SSD and Psychosis NOS
eTable 2. Sensitivity Analyses for PARF of Cannabis Use Disorder Associated With Incident Schizophrenia
Spectrum Disorder
eTable 3. Interrupted Time Series Analyses of Absolute Changes in the PARF (Expressed as a Percentage) of
Cannabis Use Disorder Associated With Schizophrenia and Psychosis Not Otherwise Specified (NOS)

SUPPLEMENT 2.
Data Sharing Statement

JAMA Network Open | Substance Use and Addiction Incident Schizophrenia and Cannabis Use Disorder After Cannabis Legalization

JAMA Network Open. 2025;8(2):e2457868. doi:10.1001/jamanetworkopen.2024.57868 (Reprinted) February 4, 2025 15/15

Downloaded from jamanetwork.com by guest on 03/10/2025

https://dx.doi.org/10.1016/j.drugpo.2023.104285
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2020.3564&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.57868
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2020.3564&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.57868
https://dx.doi.org/10.1002/wps.20629
https://www.drugsandalcohol.ie/40519/1/CAMH_Monitor_2023_full_report.pdf
https://www.drugsandalcohol.ie/40519/1/CAMH_Monitor_2023_full_report.pdf

