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Summary
Background An increasing number of countries have or are considering legalizing cannabis. One concern is that
legalization of cannabis will result in increased cannabis use and in turn a higher prevalence of anxiety disorders. We
examined changes in emergency department (ED) visits for anxiety disorders with cannabis involvement in Ontario,
over a period that involved medical and non-medical cannabis legalization.

Methods This repeated cross-sectional population-based study identified all ED visits for anxiety disorders from
residents of Ontario, Canada aged 10–105 between 2008 and 2022 (n = 15.7 million individuals). We used
interrupted time series analyses to examine immediate and gradual changes in cannabis-involvement and alcohol-
involvement (control condition) over four policy periods: medical cannabis legalization (January 2008–November
2015), expanded medical access (December 2015–September 2018), non-medical cannabis legalization with
restrictions (October 2018–February 2020), and commercialization which overlapped with the COVID-19
pandemic (March 2020–December 2022). Poisson models were used to generate incidence rate ratios with 95%
confidence intervals.

Findings Over the 14-year study, there were 438,700 individuals with one or more ED visits for anxiety disorders of
which 3880 (0.89%) individuals had cannabis involvement and 6329 (1.45%) individuals had alcohol involvement.
During the commercialization/COVID-19 period monthly rates of anxiety disorders with cannabis-involvement
were 156% higher (0.11 vs 0.29 per 100,000 individuals) relative to the pre-legalization period, compared to a 27%
increase for alcohol-involvement (0.27 vs 0.35 per 1100,000 individuals). Rates of anxiety ED visits with cannabis
involvement per 100,000 individuals increased gradually over the study period with no immediate or gradual
changes after expanded medical access, legalization with restrictions or commercialization/COVID-19. However,
during the commercialization/COVID-19 period there were large declines in total anxiety disorder ED visits and
anxiety disorder ED visits with alcohol-involvement. Consequently, during this period there was an immediate
31.4% relative increase in the proportion of anxiety visits with cannabis-involvement (incidence rate ratio [IRR],
1.31; 95% CI 1.05–1.65).

Interpretation We found large relative increases in anxiety disorder ED visits with cannabis involvement over a 14-
year period involving medical and non-medical cannabis legalization. These findings may reflect increasing
anxiety disorder problems from cannabis use, increasing self-medication of anxiety disorders with cannabis use,
or both. The proportion of anxiety ED visits with cannabis involvement increased during the final period of the
study but could have been the results of the market commercialization, COVID-19 or both and ongoing
monitoring is indicated.
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Research in context

Evidence before this study
As a growing number of countries proceed with legalizing
medical and non-medical cannabis, there is concern that these
policy changes will cause increases in mental health
conditions. While studies have assessed changes in some
conditions (e.g., cannabis use disorders or cannabis-induced
psychosis), few have examined changes in anxiety disorders.
We searched PubMed with the search terms “anxiety”,
“anxiety disorders”, “marijuana legalization”, and “cannabis
legalization” up to December 1, 2023 with no limits on
publication dates or language. We identified two studies that
examined the association between cannabis legalization and
anxiety disorders. One study found that individuals with
anxiety living in a state with legal recreational cannabis were
more likely to report using cannabis that individuals living in
states without legal recreational cannabis. Another study
from three US states found no clear relationship between
recreational cannabis legalization and changes in total
hospitalizations for anxiety disorders. Importantly, prior
studies examining the relationship between cannabis
legalization and anxiety disorders have been limited by self-
reporting, small samples sizes, and short time intervals that
limit their certainty and generalizability.

Added value of this study
We studied all ED visits for anxiety disorders in individuals
aged 10–105 years in Ontario, Canada between 2008 and
2022 during which time medical cannabis access was

liberalized (2015) and non-medical cannabis was legalized
with restrictions (2018) and commercialized (2020). Over our
study period, the monthly rate per 100,000 individuals of ED
visits for anxiety disorders with cannabis involvement
increased by 156% relative to pre-legalization, compared to a
27% increase for alcohol involvement. Medical cannabis
liberalization and non-medical cannabis legalization with
market restrictions did not influence the general trend of
increasing cannabis involvement in anxiety disorder ED visits
over time. There was a 31% increase in the proportion of
anxiety ED visits with cannabis-involvement during the
market commercialization/COVID-19 period but this increase
was largely driven by declines in overall anxiety ED visits.
Throughout the study, cannabis involvement in ED visits for
anxiety disorders was higher in younger individuals and men.
However, women and older adults experienced the greatest
increase in cannabis involvement over time, suggesting these
gaps are narrowing.

Implications of all the available evidence
Cannabis use in individuals with anxiety disorders appears to
be increasing in North America. Liberalization of medical or
non-medical cannabis, specifically allowing widespread access
to retail stores and a diversity of legal cannabis products, may
be contributing to this trend. Ongoing work is needed to
understand whether these changes reflect greater self-
medication of anxiety symptoms using cannabis or the
development of anxiety disorders subsequent to cannabis use.
Introduction
Studies consistently reveal an association between
cannabis use and subsequent mental health problems,
including anxiety disorders.1–6 In contrast, there is
growing interest in whether cannabis may reduce anx-
iety symptoms, although evidence for this effect is
limited.7 As an increasing number of countries have or
are proceeding with the legalization of medical or non-
medical cannabis, there is concern that consequent
increases in cannabis use may exacerbate anxiety
disorders or complicate the diagnosis or treatment of
anxiety-related conditions.8 The existing body of
research on the relationship between cannabis legali-
zation and anxiety disorders presents a mixed picture.9,10

One study found that individuals with anxiety disorders
living in a state with legal recreational cannabis were
more likely to report using cannabis than individuals
living in states without legal recreational cannabis.10

Another study from three US states found no clear
relationship between recreational cannabis legalization
and changes in total hospitalizations for anxiety disor-
ders.9 Importantly, prior studies examining the
relationship between cannabis legalization and anxiety
disorders have been limited by self-reporting, small
samples sizes, and short time intervals that limit their
certainty and generalizability. Consequently, whether
cannabis legalization is associated with an increase in
anxiety disorders is unclear.11

Cannabis policy in Canada has changed substantially
over the past two decades. In 2001, Canadians became
able to access medical cannabis for a limited list of se-
vere or chronic conditions.10 Starting in 2014, access to
medical cannabis was expanded for any individual who
received authorization from a physician or nurse prac-
titioner who determined that the patient would benefit
from medical cannabis.11 Medical authorizations rapidly
expanded starting in 2015. In December 2015 the Fed-
eral Government announced its intention to legalize
non-medical cannabis, which went into effect in October
2018.12 Initially there were restrictions on the legal
market including limited stores and product types.13

Starting in early 2020, the legal market in Ontario
commercialized with a 916% increase in per-capita
cannabis stores over a 14-month period and the
www.thelancet.com Vol 36 August, 2024
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introduction of new higher potency products (e.g., vape
pens, and concentrates) in January 2022.14,15 This phase
of expanded cannabis commercialization coincided with
Ontario entering a state of emergency in response to the
global COVID-19 pandemic in March 2020.15 These four
distinct phases of cannabis legalization create an op-
portunity to study the relationship between anxiety dis-
orders and cannabis policy.15

This study aimed to examine the impacts of medical
and non-medical cannabis liberalization and further
commercial expansion on cannabis involvement during
emergency department (ED) visits for anxiety disorders
in Ontario, Canada. We used population-based health
administrative data and interrupted time series (ITS)
analysis of four key policy time-periods: medical
cannabis legalization, pre-recreational cannabis legali-
zation, recreational cannabis legalization, and expanded
commercialization of cannabis which overlapped with
the COVID-19 pandemic.
Methods
Personal health information data used in this cross-
sectional study was authorized under section 45 of
Ontario’s Personal Health Information Protection Act
(PHIPA) and did not require review by a Research
Ethics Board. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guideline for cross-sectional studies.16

Study design, population, and data sources
We conducted a repeated cross-sectional population-level
study using health administrative databases for Ontario,
Canada. The cohort included all Ontario residents aged
10–105 years between January 2008 and December 2022
who were eligible for the province’s single-payer health
insurance system. The Ontario Health Insurance Plan
(OHIP) covers all ED visits, hospitalizations, and outpa-
tient physician visits.17 After excluding anyone not eligible
for OHIP for a two-year period before study eligibility
(n = 888,000), our cohort included 15.7 million people.
We obtained data from six individual-level databases
containing different types of healthcare visits and indi-
vidual demographics. These databases captured 100% of
ED visits in Ontario. Each individual in Ontario has a
unique encoded identifier that allows linkage across
datasets, which are completed and analyzed at IC/ES
(formerly the Institute for Clinical Evaluative Science).
We used the Interrupted Time Series (ITS) method with
segmented regression analysis to assess immediate and
gradual changes in anxiety disorder ED visits associated
with cannabis legalization and commercialization.

Exposures
We divided our study into four time periods: medical
cannabis legalization with restrictions (P1, January 2008–
November 2015), medical cannabis liberalization and
www.thelancet.com Vol 36 August, 2024
pre-non-medical legalization (P2, December 2015–
September 2018), non-medical cannabis legalization with
restrictions (P3, October 2018–February 2020), and
expanded non-medical cannabis commercialization
which coincided with the COVID-19 pandemic (P4,
March 2020–December 2022, hereafter, Commercializa-
tion/COVID-19). We chose a start point for P4 as March
2020 to balance several competing interruptions – prod-
uct expansion in January 2020, the onset of the pandemic
in March 2020, and removal of store restrictions in April
2020. Data showing longitudinal changes in the cannabis
retail market in Ontario are available online.

Outcomes
Our primary outcomes were ED visits for anxiety dis-
orders with cannabis involvement. We examined our
primary outcome either as a rate per 100,000 in-
dividuals, or expressed as a proportion per 1000 total
anxiety disorders ED visits. We first identified all ED
visits for anxiety disorders using the International Clas-
sification of Diseases (ICD) 10th revision codes for anxiety
disorders (F40–F41, F48.8, F48.9). We then identified
anxiety disorder ED visits with a documented diagnosis
of cannabis involvement when an ICD-10 code for a
mental and behavioural disorder due to cannabis use
(F12.X) or for cannabis poisoning (T40.7) was listed as
the main or contributing reason for the anxiety disor-
ders ED visit.18 As a secondary outcome, we identified all
incident ED visits for an anxiety disorder with cannabis-
involvement (defined as an individual with an ED visit
for an anxiety disorder who has had no ED visits or
hospitalizations for an anxiety disorder in the past two
years). The control (tracer) condition was anxiety disor-
der ED visits that were positive for alcohol, identified
with ICD-10 codes for a mental and behavioural disor-
der due to alcohol use (F10.X) or ethanol poisoning
(T51.0). Alcohol use was included as a tracer condition
to account for societal changes that may influence
overall substance use (e.g., changes in substance use
and health-seeking behaviour during the COVID-19
pandemic).

Covariates
At the time of each anxiety disorders ED visit, we ob-
tained sociodemographic details including age, sex,
rural residence, and neighbourhood income quintile
using Statistics Canada census data.19 We also obtained
information on healthcare use in the preceding two
years of the index ED visit, including outpatient or ED
mental health (mood disorders, anxiety disorders,
schizophrenia/psychosis, deliberate self-harm, and
other) or substance use visits (cannabis, alcohol, opi-
oids, and other) using diagnostic and billing codes.20

Data at IC/ES is complete with no missing informa-
tion, with the exception of neighbourhood income
quintile and rural residence which is missing for 0.2%
of individuals.
3
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Statistical analyses
We identified the characteristics of individuals with
anxiety disorder ED visits at the time of visit. For in-
dividuals with more than one anxiety disorder ED visit
during the study, we captured characteristics at a
randomly selected ED visit. We calculated the monthly
rates per 100,000 individuals and per 1000 anxiety dis-
order ED visits of our primary and control outcomes
over the four policy periods. We used segmented Pois-
son regression analysis to examine changes in anxiety
disorder ED visits over time, and adjusted Poisson
models to generated incidence rate ratios (IRRs) with
95% confidence intervals (CIs) to compare relative
changes between subsequent policy periods. We offset
our regressions by the population at risk for rates per
capita and by the total anxiety disorder ED visits for rates
per anxiety disorder visits. Immediate and gradual
change in ED visits were analyzed by slope and level
change at each policy interruption. We chose a priori to
include a first-order autocorrelation term for all analyses
as prior work has found that statistical tests for auto-
correlation are underpowered.21 We adjusted for sea-
sonality using indicator variables.

We ran stratified models of our primary outcome
over the four time-periods for five stratifying variables:
sex, age, neighborhood income, rurality and for incident
anxiety disorder ED visits. For incident visits each
month we identified all individuals with care for an
anxiety disorder in the past two years. As a sensitivity
analysis to account for immediate influences of the
COVID-19 pandemic on ED visits for anxiety disorders,
we censored the first five months of the pandemic
(March 2020 to July 2020), which covers the start to the
end of the first declaration of a state of emergency in
Ontario. Statistical analyses were conducted using SAS
Enterprise Guide version 7.1 (SAS Institute, Cary, NC)
between July and August 2023.

Role of the funding source
The funders had no role in the study design, data
collection or analysis, interpretation, writing of the
report or the decision to submit for publication.
Results
Our study included 439,700 individuals who had one or
more ED visits for anxiety disorders between January
2008 and July 2022. Of these individuals visits, 3880
(0.89%) had one or more anxiety disorder ED visits with
cannabis involvement, 6329 (1.45%) had one or more
anxiety disorder ED visits with alcohol involvement, and
416 (0.10%) had one or more anxiety disorder ED visits
with both cannabis and alcohol involvement (Table 1).
The mean (SD) age in years for anxiety disorder ED
visits alone was 39.4 (19.2) and 25.7 (10.2) for anxiety
disorder ED visits with cannabis involvement. Males
account for 60.8% of anxiety disorder ED visits with
cannabis involvement compared to 40.4% of anxiety
disorder ED visits with no cannabis involvement. Those
aged 10–18 or 19–24 were the majority of anxiety dis-
order ED visits with cannabis involvement (24.4% and
33.6%, respectively) when compared to anxiety disorder
ED visits alone (12.2% and 15.8%, respectively). People
living in the lowest-income quintile neighbourhoods
incurred a greater number of anxiety disorder ED visits
with cannabis involvement. Among those with an index
anxiety disorder acute care visit with cannabis involve-
ment, incidence of past mental health or substance use
acute care visit in the last two years was 39.6% and
15.3%, respectively (Table 1).

Table 2 shows the total and mean monthly rates of
anxiety disorder ED visits. Overall, there were 653,564
ED visits for anxiety disorders, 4048 ED visits for anxiety
disorders with cannabis involvement, 7049 ED visits for
anxiety disorders with alcohol involvement, and 425 ED
visits for anxiety disorders with cannabis and alcohol
involvement. Mean rates of overall ED visits for anxiety
disorders were stable over the study period. In contrast,
rates per 10,000 individuals of anxiety disorder ED visits
with cannabis-involvement increased by 156% (RR 2.56;
95% CI, 2.29–2.86) between P1 and P4, compared with
27% rise in anxiety disorder ED visits with alcohol-
involvement (RR 1.27; 95% CI, 1.18–1.36) and 121%
in anxiety disorder ED visits with both alcohol and
cannabis involvement (RR 2.21; 95% CI, 1.71–2.86).
Normalizing rates per 1000 anxiety disorder ED visits
also shows the proportion of ED visits due to anxiety
disorders with cannabis involvement increased by 166%
(RR 2.66; 95% CI, 2.40–2.95) between P1 and P4
compared to a 32% increase (RR 1.32; 95% CI,
1.23–1.41) in anxiety disorder ED visits with alcohol-
involvement.

Fig. 1 shows the monthly change in rate of anxiety
disorder ED visits per capita, anxiety disorder ED visits
with cannabis involvement per capita and per all-cause
anxiety, or anxiety disorder ED visits with alcohol
involvement per capita and per all-cause anxiety between
January 2008 and July 2022. During P1, all-cause anxiety
disorder ED visits gradually increased over time by
0.13% each month (Incidence Rate Ratio [IRR], 1.0013;
95% CI, 1.0008–1.0019). P2 showed an immediate 6.2%
level increase of monthly anxiety disorder ED visits
(IRR, 1.062; 95% CI, 1.007–1.120). There were no sig-
nificant slope or level changes in monthly anxiety dis-
order ED visits during P3. During P4, the monthly rate
of all-cause anxiety disorder ED visits showed an 18.3%
immediate level decrease (IRR, 0.817; 95% CI,
0.757–0.882), before gradually returning to the pre-
pandemic rate.

The per capita rate of ED visits for anxiety with
cannabis involvement increased gradually over time,
and there were no significant level changes or slope
changes following any of the cannabis policy changes.
There were no significant level change or slope changes
www.thelancet.com Vol 36 August, 2024
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Characteristic Anxiety disorder ED visit
(no cannabis)

Anxiety disorder and
cannabis ED visita

Anxiety disorder and
alcohol ED visita

Anxiety disorder and
cannabis and alcohol ED visit

Standardized mean
differenceb

N (%)

Total count of visits N = 435,814 N = 3880 N = 6329 N = 415

Sex

Male 175,869 (40.4) 2359 (60.8) 3703 (58.5) 257 (61.8) 0.42

Female 259,945 (59.6) 1521 (39.2) 2626 (41.5) 159 (38.2) 0.42

Age

Mean (±SD) 39.41 (19.2) 25.74 (10.23) 38.46 (14.76) 27.27 (10.67) 0.89

10–18 years 53,064 (12.2) 945 (24.4) 267 (4.2) 68 (16.3) 0.32

19–24 years 69,016 (15.8) 1304 (33.6) 997 (15.8) 150 (36.1) 0.42

25–44 years 156,744 (36.0) 1372 (35.4) 2947 (46.6) 160 (38.5) 0.01

45+ years 156,990 (36.0) 259 (6.7) 2118 (33.5) 38 (9.1) 0.77

Rurality

Urban 358,506 (82.3) 3406 (87.8) 5181 (81.9) 363 (87.3) 0.16

Rural 75,907 (17.4) 453 (11.7) 1121 (17.7) 51 (12.3) 0.16

Neighbourhood income quintile

1 (poorest) 112,753 (25.9) 1023 (26.4) 1911 (30.2) 113 (27.2) 0.01

2 91,799 (21.1) 835 (21.5) 1312 (20.7) 88 (21.2) 0.01

3 83,506 (19.2) 710 (18.3) 1081 (17.1) 74 (17.8) 0.02

4 76,839 (17.6) 669 (17.2) 1026 (16.2) 63 (15.1) 0.01

5 (richest) 68,332 (15.7) 615 (15.9) 935 (14.8) 74 (17.8) 0.00

Mental health ED visit in past 2 years

Any 93,991 (21.6) 1537 (39.6) 2721 (43.0) 180 (43.3) 0.40

Mood disorders 35,652 (8.2) 596 (15.4) 1117 (17.6) 72 (17.3) 0.22

Anxiety disorders 43,295 (9.9) 850 (21.9) 1563 (24.7) 109 (26.2) 0.33

Schizophrenia/psychosis 12,922 (3.0) 249 (6.4) 269 (4.3) 21 (5.0) 0.16

Deliberate self-harm 11,177 (2.6) 199 (5.1) 557 (8.8) 26 (6.3) 0.13

Other 12,622 (2.9) 247 (6.4) 321 (5.1) 28 (6.7) 0.17

Substance use ED visit in past 2 years

Any 24,924 (5.7) 592 (15.3) 2424 (38.3) 99 (23.8) 0.32

Cannabis 2641 (0.6) 226 (5.8) 75 (1.2) 9 (2.2) 0.30

Alcohol 12,299 (2.8) 190 (4.9) 2133 (33.7) 63 (15.1) 0.11

Opioids 3359 (0.8) 49 (1.3) 121 (1.9) ≤5 0.05

Other 10,975 (2.5) 256 (6.6) 617 (9.7) 41 (9.9) 0.20

Outpatient mental health and addiction visit in past 2 years

Any 263,153 (60.4) 2724 (70.2) 4686 (74.0) 314 (75.5) 0.21

Family physician 249,029 (57.1) 2560 (66.0) 4457 (70.4) 302 (72.6) 0.18

Psychiatrist 91,970 (21.1) 1298 (33.5) 2095 (33.1) 141 (33.9) 0.28

ED = emergency department. aED presentations for cannabis or alcohol use are not mutually exclusive. bStandard mean difference between cannabis involvement and no cannabis involvement.

Table 1: Characteristics of individuals with ED visits for anxiety disorders with or without cannabis or alcohol use in Ontario, Canada.

Articles
in the proportion of anxiety ED visits identified as
cannabis-related following medical cannabis liberaliza-
tion (P2) and non-medical legalization with restrictions
(P3). There was a significant level increase of 31% (IRR
1.31, 95%CI 1.05–1.065) during cannabis commerciali-
zation/COVID-19 pandemic (P4). This change was the
result of both a significant level change in the total
number of anxiety ED visits at the onset of the COVID-
19 pandemic (IRR, 0.82, 95%CI, 0.76–0.88) and a 9%
non-significant increase in per capita anxiety ED visits
with cannabis-involvement (IRR, 1.092; 95% CI,
0.868–1.373), see Supplementary Table S1 for full
www.thelancet.com Vol 36 August, 2024
model coefficients. Our sensitivity analysis censoring
the first five months of the pandemic showed similar
results, with a significant 32.1% level increase during P4
in rates of anxiety disorders with cannabis involvement
per all-cause anxiety disorder ED visits (IRR 1.321; 95%
CI, 1.037–1.682). See Supplementary Fig. S1 and
Table S2 for visualization and full model coefficients.

Subgroup analysis of monthly anxiety disorder ED
visits with cannabis involvement per all-cause anxiety
disorder ED visits is shown in Table 3. Women had a
greater increase in monthly ED visit rates (RR P4 vs P1,
3.39; 95% CI, 2.92–3.94) compared with men (RR P4 vs
5
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Denominator Medical cannabis
legalization with
restrictions
(Period 1)a

Medical
cannabis
liberalization
and pre
non-medical
legalization
(Period 2)b

Non-medical
cannabis
legalization with
restrictions
(Period 3)c

Commercial-
ization/COVID-
19 (Period 4)d

Period 2
vs Period 1

Period 3
vs Period 1

Period 4
vs Period 1

No. or Mean monthly ED visit rate Risk ratioe (95% CI)

Number of visits

Anxiety disorder ED visits 330,641 143,495 71,066 108,362

Anxiety + cannabis ED visits 1297 1015 610 1126

Anxiety + alcohol ED visits 3175 1631 871 1372

Anxiety + cannabis + alcohol ED visits 145 112 60 108

Per 100,000 people

Anxiety disorder ED visits 28.59 32.41 31.33 27.62 1.13 (1.11–1.16) 1.10 (1.07–1.14) 0.96 (0.94–0.99)

Anxiety + cannabis ED visits 0.11 0.23 0.27 0.29 2.05 (1.83–2.29) 2.38 (2.08–2.72) 2.56 (2.29–2.86)

Anxiety + alcohol ED visits 0.27 0.37 0.38 0.35 1.34 (1.25–1.44) 1.42 (1.30–1.55) 1.27 (1.18–1.36)

Anxiety + cannabis + alcohol ED visits 0.01 0.03 0.03 0.03 2.04 (1.58–2.63) 2.11 (1.54–2.88) 2.21 (1.71–2.86)

Per 1000 anxiety disorder ED visits

Anxiety + cannabis ED visits 3.85 7.07 8.57 10.40 1.80 (1.62–2.01) 2.16 (1.90–2.45) 2.66 (2.40–2.95)

Anxiety + alcohol ED visits 9.57 11.35 12.26 12.66 1.18 (1.11–1.26) 1.29 (1.19–1.39) 1.32 (1.23–1.41)

Anxiety + cannabis + alcohol ED visits 0.43 0.78 0.85 1.00 1.80 (1.29–2.32) 1.91 (1.40–2.60) 2.29 (1.77–2.96)

The medical cannabis legalization with restrictions (Period 1) is compared with the three following policy periods. ED = emergency department. aPeriod 1 defined as January 2008–November 2015 (95
months). bPeriod 2 defined as December 2015–September 2018 (34 months). cPeriod 3 defined as October 2018–February 2020 (17 months). dPeriod 4 defined as March 2020–July 2022 (29 months). eRisk
Ratio adjusted for season.

Table 2: Mean monthly rate of ED visits per capita and per all-cause anxiety disorder ED visits in Ontario, Canada.
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P1, 2.26; 95% CI, 2.00–2.55, p interaction < 0.001). With
increasing age, those older than 45 had a higher
monthly anxiety and cannabis ED visit rate (RR P4 vs
P1, 4.37; 95% CI, 3.10–6.17) compared with 19–24 year
old’s (RR P4 vs P1, 2.25; 95% CI, 1.94–2.62, p interac-
tion < 0.001). There was also a 212% increase in the rate
of anxiety and cannabis ED visits for those with no
previous acute care anxiety ED visit in the last two years
(RR P4 vs P1, 3.12; 95% CI, 2.60–3.75) compared to a
153% increase in the rate of those with a past acute care
anxiety ED visit (RR P4 vs P1, 2.53; 95% CI, 2.28–2.81, p
interaction < 0.05). There were no significant differ-
ences in change over time by neighbourhood income
quintile (p interaction = 0.85) or rurality (p interac-
tion = 0.91). See Supplementary Table S3 for compari-
sons with policy periods 2 and 3.
Discussion
In this population-based study, we found the per capita
rate of ED visits for anxiety disorders with cannabis
involvement increased by 156% during the period of
legal cannabis commercialization/COVID-19 relative to
the pre-legal period. In comparison over the same
period, there were 27% increases in ED visits for anxiety
disorders with alcohol-involvement. Per capita rates of
ED visits for anxiety disorder with cannabis involvement
increased gradually over time and were not influenced
by the liberalization of medical cannabis, the
legalization of non-medical cannabis with restrictions,
or commercialization/COVID-19. During the cannabis
commercialization/COVID-19 period, there was an im-
mediate 31.4% increase in the proportion of cannabis
involvement in anxiety disorder ED visits. The increase
was driven by a large significant decline in overall anx-
iety visits and a small non-significant increase in anxiety
visits with cannabis involvement, and during the same
period there were significant decreases in anxiety ED
visits with alcohol-involvement. The relative increase
over time in cannabis involvement in anxiety ED visits
was greater in women compared to men and older in-
dividuals compared to younger individuals.

Increasing cannabis-involvement in anxiety disorder
ED visits findings are consistent with prior studies
showing increases in cannabis use and cannabis-related
health service visits over time in Ontario and other ju-
risdictions liberalizing cannabis policy.22–26 While it is
challenging to isolate out the effects of changing social
norms towards cannabis use and policy changes, our
findings suggest a steady increase in cannabis-
involvement in anxiety disorder ED visits over time.
During the final period of our study – market
commercialization/COVID-19 per capita rates of anxiety
ED visits with cannabis involvement were unchanged
but the overall portion of anxiety ED visits with cannabis
involvement increased. The pandemic has had well-
documented influences on anxiety disorders, including
declines in ED visits, along with changes in substance
www.thelancet.com Vol 36 August, 2024
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Fig. 1: Observed and mean monthly rates of anxiety disorder ED visits in Ontario, Canada during four policy time periods indicated by three vertical
dashed lines. (a) Monthly anxiety disorder ED visits per capita. (b) Monthly anxiety + cannabis ED visits (green) or anxiety + alcohol ED visits (blue,
tracer condition) per capita. (c) Monthly anxiety + cannabis ED visits or anxiety + alcohol ED visits per all-cause anxiety disorder ED visits.
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use.27–29 Consequently, separating the pandemic and
cannabis policy effects is challenging. One possibility
for our findings is that individuals with anxiety disorder
www.thelancet.com Vol 36 August, 2024
who use cannabis are less likely to avoid presentations to
the ED during a pandemic. Alternatively, market
commercialization may have contributed to increased
7
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Medical cannabis legalization (period 1) is compared with cannabis commercialization/COVID-19 (period 4). The other policy periods are in Supplementary Table S2. ED = emergency department. aRisk Ratio
adjusted for season. bP-value is the interaction between the exposure and the subgroup.

Table 3: Subgroup mean monthly rate of anxiety disorder + cannabis ED visits per 1000 anxiety disorder ED visits.
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cannabis use. Prior work has found that increased ac-
cess to cannabis retail stores and higher-strength prod-
ucts are associated with greater cannabis use and
related-harms.30–32 Our sensitivity analysis, excluding the
first five months of the COVID-19 pandemic, continued
to show increases during this period, which supports
some commercialization influence. In addition, during
the commercialization/COVID-19 period there was a
large decrease in anxiety disorder ED visits with alcohol-
involvement suggesting that factors other than
pandemic stressors and pandemic influenced-substance
use might have been responsible for the observed in-
creases in cannabis-involvement in anxiety disorder ED
visits. Ultimately, both market expansion and pandemic
influences may have contributed to changes during the
final study period and ongoing monitoring is indicated.

Whether or not the relationship between cannabis use
and anxiety disorders is causal continues to be unclear.33

Individuals with anxiety disorders are more likely to self-
report using cannabis to treat anxiety symptoms.34

Cannabis may also cause the exacerbation and develop-
ment of anxiety disorders.35 In our study, we are unable to
determine whether increasing cannabis involvement re-
flects an increase in ED visits for anxiety disorders caused
by cannabis, self-treatment of anxiety disorders with
cannabis, or both. We found that cannabis involvement in
anxiety disorder ED visits increased more in individuals
with no previous care for anxiety than in those who had
previously received care. This finding suggests that
cannabis use may be increasingly causing new anxiety
disorders, or more individuals are trying to use cannabis
to alleviate anxiety symptoms before seeking care from a
physician. Clinically, there is limited evidence on the
effectiveness of cannabis use for the management of
anxiety disorders and cannabis use may complicate or
delay other evidence-based treatments. The increases re-
ported within our study emphasize the roles of clinicians
in patient education and counselling. Our subgroup ana-
lyses suggest that women and older adults have experi-
enced the largest increases over time in cannabis-
involvement in anxiety disorder ED visits. This is consis-
tent with survey data finding the relationship between
problematic cannabis use and anxiety is moderated by
gender, with females reporting a stronger effect.34 While
young men had the highest rates of cannabis-involvement
in anxiety disorder ED visits, clinicians should be aware of
changing demographics of harmful patterns of cannabis
use. From a policy standpoint, our findings suggest these
increases may be a harm of cannabis legalization. Further
measures are indicated to prevent increases in cannabis
use during anxiety episodes after cannabis legalization and
subsequent market expansion.
www.thelancet.com Vol 36 August, 2024
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Limitations
Our study has limitations. First, as previously noted the
close overlap of the COVID-19 pandemic with the
commercialization of the cannabis market challenges the
attribution of the observed changes during the final study
period to either event. Findings during their period
should be interpreted with caution and ongoing moni-
toring is indicated. Second, our method of detecting
cannabis-involvement in anxiety disorder ED visits, which
is based on the treating team documenting that cannabis
use caused or contributed to the ED visit for anxiety
disorders, likely only detects a small portion of ED visits
for anxiety disorders in which the person used cannabis.
We likely underestimate the proportion of individuals
with anxiety disorder ED visits who use cannabis. Part of
the increases over time in cannabis involvement may
reflect better detection and documentation of cannabis
use in anxiety presentations. Third, we lacked data on
patterns of cannabis use and cannabis products. We have
no information on patterns of use, source of the product
(i.e., recreational, medical, or illicit) and product type (i.e.,
vapes, edibles, concentrates) and ongoing research is
indicated to understand how different patterns of use and
products may influence anxiety. Fourth, while we exam-
ined co-use of cannabis and alcohol, anxiety ED visits can
involve additional substances. Future work can examine
changes in other types of polysubstance use (e.g.,
cannabis and stimulant use). Fifth, changes over time and
from the pandemic on our control condition, alcohol
involvement in anxiety visits, may differ from cannabis.
Nonetheless, larger increases in cannabis involvement
than alcohol involvement over time in anxiety visits may
suggest important shifts in co-morbid substance use in
anxiety disorders. Finally, as previous mentioned we are
unable to fully distinguish whether cannabis use is
causing anxiety disorders, being used to self-medicate
anxiety symptoms, or both.

Conclusions
Cannabis involvement in ED visits for anxiety disorders
has increased substantially over the past 14 years, and
neither medical cannabis liberalization nor non-medical
cannabis legalization with restrictions was associated
with a change in this trend. In contrast, cannabis-
involvement in anxiety disorder ED visits may have
accelerated during cannabis market commercialization
and the COVID-19 pandemic. The bidirectionality of
these findings may reflect increasing anxiety disorder
problems from cannabis use, increasing self-medication
of anxiety disorders with cannabis use, or both. Greater
awareness and inquiry about cannabis use in individuals
with anxiety disorders may be indicated, particularly in
women and older adults who have seen the largest
relative increases over time.
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