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Summary
Background There is ongoing uncertainty about whether cannabis use increases the risk of developing an anxiety
disorder. In this study we estimated the risk of having an incident healthcare visit for an anxiety disorder following an
emergency department (ED) visit for cannabis use and explored factors associated with increased risk.

Methods We used health administrative data to perform a population-based cohort study of all individuals aged
10–105 years with no previous healthcare visits for anxiety disorders in Ontario, Canada, between January 2008
and March 2019. We compared the risk of having an incident healthcare visit for an anxiety disorder in the ED or
hospital (primary analysis) or additionally in an outpatient setting (secondary analysis) for individuals with an
incident ED visit for cannabis to members of the general population using cumulative incidence functions and
cause-specific hazard models adjusted for relevant confounders.

Findings Our study included 12,099,144 individuals aged 10–105 without prior care for an anxiety disorder in the ED
or hospital, of which 34,822 (0.29%) had an incident ED visit due to cannabis. Within 3-years of an incident ED visit
due to cannabis, 12.3% (n = 4294) of individuals had an incident ED visit or hospitalization for an anxiety disorder—a
3.7-fold (adjusted Hazard Ratio [aHR] 3.69 95% CI 3.57–3.82) increased risk relative to the general population (1.2%).
In secondary analysis, further excluding individuals with prior outpatient care for anxiety disorders, 23.6% of
individuals with an ED visit due to cannabis had an incident outpatient visit, ED visit, or hospitalization for an
anxiety disorder within 3-years compared to 5.6% of individuals in the general population (aHR 3.88 95% CI
3.77–2.99). The risk of having an incident healthcare visit for an anxiety disorder was higher in individuals with
ED visits for cannabis use compared to the general population across all age and sex strata. However, younger
males with ED visits for cannabis use (aHR 5.67 95% CI 5.19–6.21) had a greater risk relative to the general
population than younger women with cannabis use (aHR 3.22 95% CI 2.95–3.52).

Interpretation ED visits for cannabis use were associated with an increased risk of having an incident healthcare visit
for an anxiety disorder, particularly in young males. These findings have important clinical and policy implications
given the increasing use of cannabis over time and trend towards legalization of cannabis.
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Research in context

Evidence before this study
We searched PubMed for studies published up to October 2,
2023, for scientific papers that examined cannabis use as a
risk factor for the development of anxiety. The search terms
used were “anxiety”, “anxiety disorders”, “marijuana”,
“cannabis”, with no limits applied to language or publication
date. Our search identified three meta-analyses and one
systematic review which examined the relationship between
cannabis use and anxiety. Most studies investigated the cross–
sectional association between cannabis use and anxiety and
reported an increased prevalence of cannabis use in
individuals with anxiety and anxiety disorders. In a subset of
studies examining only studies with a longitudinal design,
there was mixed evidence about whether cannabis use was
significantly associated with an increased risk of being
diagnosed with an anxiety disorder, for both the general
population and adolescents.
Much of the evidence on the association between cannabis
use and anxiety comes from small studies using random
samples of the general population or youth and young adults.
Across all studies in the systematic reviews, there were just
over 100,000 individuals. Included studies had large variations
in measures of cannabis use ranging from lifetime use to
meeting criteria for a cannabis use disorder. Similarly,
definitions of anxiety varied considerably, and anxiety
symptoms and severity were determined by self-report rather
than diagnosis by a health care provider. We found no studies
using health administrative data at the population-level to
examine the longitudinal association between healthcare
visits for cannabis use and the future development of an
anxiety disorder.

Added value of this study
Using linked health administrative data capturing all
healthcare use for over 12 million individuals residing in the
province of Ontario, Canada, we completed the largest
assessment of the longitudinal relationship between cannabis
use and anxiety in the literature. We used physician-based
identification of emergency department (ED) care for
cannabis use and outpatient, ED, and hospital-based care for
anxiety disorders. We found that individuals with an ED visit
for cannabis use were at over 3-fold increased risk of having
an incident ED visit, hospitalization or outpatient visit for an
anxiety disorder within 3-years of their visit relative to the
general population. In a sensitivity analysis excluding all
individuals with prior healthcare for any mental health or
substance use disorders, an ED visit for cannabis use was
associated with over a 9-fold increased risk of having an
incident healthcare visit for an anxiety disorder relative to the
general population. These elevations in risk were consistent
across the lifecycle but greatest for younger men.

Implications of all the available evidence
Our study extends the existing literature on the association
between cannabis use and anxiety disorders, which to date has
used self-report for both exposures and outcomes and relied on
small samples and survey-based designs. Our results suggest
that individuals with cannabis use requiring ED treatment may
be at increased risk of developing an anxiety disorder or
experiencing worsening anxiety symptoms. These findings have
important implications for clinical practice and policymaking,
considering the growing prevalence of cannabis use and the
ongoing trend toward liberalization of cannabis policy.
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Introduction
Cannabis use is increasing globally, and is the third
most commonly used drug after alcohol and nicotine.1

At the same time, the potency of cannabis (i.e., tetra-
hydrocannabinol [THC] concentration) has also
increased markedly.2 There is concern that legalization
in countries such as Canada (the site of this study) and
particularly commercialization of cannabis—allowing
widespread retail access and promotion to cannabis–
may result in further increases in cannabis use and
associated harms.3–5 Cannabis use is associated with
reductions in certain cognitive domains and the devel-
opment of several major psychiatric illnesses, with the
largest body of evidence being for psychosis2,6–8

Increasing evidence also suggests an association be-
tween cannabis use and mood disorders and self-harm
and suicidality.2,9,10 Importantly, while cannabis use
has long been hypothesized as a risk factor for the
development of problems with anxiety and anxiety dis-
orders, evidence on this topic is limited and mixed.
Multiple studies have found that cannabis use and
withdrawal can induce acute anxiety symptoms.11

However, the relationship between cannabis use and
the development of anxiety disorders is less clear. A
meta-analysis found an increased prevalence of
cannabis use in individuals with anxiety and anxiety
disorder.12 A systematic review of modifiable causes of
anxiety did not support cannabis as a risk factor.13 A
meta-analysis including 10 longitudinal studies found
mixed results on studies with an overall weak positive
association between cannabis use and self-reported
severity of anxiety symptoms.14 A meta-analysis of
three studies specific to adolescence found no relation-
ship between cannabis use and future risk of anxiety
during adulthood. The current literature has a number
of important limitations, including; non-population-
based studies, the use of a wide variety of measures
for cannabis use which may have less clinical relevance
(e.g., self-reported lifetime cannabis use), and defining
anxiety symptoms and severity by self-report rather than
www.thelancet.com Vol ▪ ▪, 2024
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diagnosis by a health care provider. In addition, while
several prior studies have examined differences by age
groups (e.g., adolescents vs adults) few studies have
examined differences by sex or considered age–sex in-
teractions. Collectively, despite the high prevalence of
cannabis use in people with anxiety, there continue to be
large gaps in the understanding of the underlying
mechanism and direction of this relationship (e.g., does
cannabis cause anxiety disorders, do individuals with
anxiety disorders self-medicate with cannabis, are there
common risk factors for both).12–17

This study aimed to examine whether individuals
with an emergency department (ED) visit for cannabis
use were at increased risk of having healthcare visits for
anxiety disorders. Specifically, our objectives were to: 1)
estimate the future risk of incident healthcare visits for
anxiety disorders in individuals with an ED visit for
cannabis compared to individuals without an ED visit
for cannabis, hereafter referred to the general popula-
tion. 2) compare the risk having an incident healthcare
visit for an anxiety disorder across age and sex strata. We
investigated these aims using a longitudinal population-
based cohort study in Ontario, Canada.

Methods
Study design
We conducted a retrospective cohort study using
routinely collected health administrative data from the
province of Ontario, Canada. The cohort included all
Ontario residents aged 10–105 years between January 1,
2008 and March 31, 2019 (with follow-up until March
31, 2022) who were eligible for the province’s single-
payer health system (the Ontario Health Insurance
Plan [OHIP]), which covers all ED visits, hospitaliza-
tions, and outpatient physician visits for an estimated
97% of the population of Ontario.18 We excluded in-
dividuals who were a) not residents of Ontario at index
(incident ED visit due to cannabis, or pseudo index date
for the general population), b) not eligible for OHIP at
index or continually in the three prior years to maximize
capture of recent prior healthcare for anxiety, and c) had
one or more ED visits or hospitalizations due to
cannabis in the three years prior to index (since our
exposure was an incident ED visits or hospitalizations
due to cannabis). We excluded all individuals with one
or more healthcare visits for an anxiety disorder (in a
hospital or ED setting for our primary outcome and in a
hospital, ED or outpatient setting for our secondary
outcome) at index or in the three years before the index
date (incident ED visit due to cannabis, or pseudo-index
date for the general population). Our study followed the
STROBE reporting guidelines for reporting observa-
tional studies, see Appendix B.19,20

Data sources
We used six individual-level databases, linked and
analyzed at ICES (formerly the Institute for Clinical
www.thelancet.com Vol ▪ ▪, 2024
Evaluative Science), to capture all ED visits, hospitali-
zations, and essential physician services in Ontario
along with sociodemographic characteristics; see online
Supplement Methods S1 for details on databases. These
datasets were linked using unique encoded identifiers
and analyzed at ICES.

Ethics statement
This project was approved by the privacy office at ICES,
which is an independent, non-profit research institute.
ICES is authorized under section 45 of Ontario’s Per-
sonal Health Information Protection Act (PHIPA) to
collect and analyze personal health information without
consent for health system management, evaluation,
monitoring, or planning and approved research projects.

Exposures
We compared individuals with an incident ED visit due
to cannabis use—defined as a visit where International
Classification of Diseases (ICD) 10th revision code F12.X
(Mental and behavioural disorders due to use of can-
nabinoids) were the main or contributing reason for the
visit—to all other individuals without an incident ED
visit due to cannabis. Incident visits were defined as an
ED visit due to cannabis, with no ED visits or hospital-
izations due to cannabis in the prior three years. We
identified hospitalizations using ICD-10 codes for acute
care hospitalizations and ICD-9- and ICD-10-CM
cannabis for adult mental health hospital admissions
through the Ontario Mental Health Reporting System
(OMHRS). These codes are from the Canadian Institute
for Health Information indicator “Hospital Stays for
Harm Caused by Substance Use” which is widely used
for mental health system performance and evaluation in
Canada.21 As a sensitivity analysis, we defined incident
ED visits where the ICD-10 cannabis code was listed
only as the main reason for the visit.

Outcomes
The primary outcome was an incident ED visit or hos-
pitalization for an anxiety disorder. We included panic
disorders, phobic disorders, generalized anxiety disor-
ders, and anxiety disorders not otherwise specified our
primary outcome. Anxiety disorders with organic cau-
ses, obsessive-compulsive disorders, and adjustment
disorders/post-traumatic stress disorders were not
included in the primary outcome. See online
Supplement Methods S2 for a complete list of ICD-10
and DSM codes for anxiety disorders.

As a secondary outcome, we broadened our primary
outcome definition to additionally include two or more
outpatient visits for an anxiety disorder (DSM code 300x)
to a psychiatrist, or general practitioner within 12months
of each other. We considered this a secondary outcome as
outpatient diagnostic codes for anxiety disorders in
Ontario are highly sensitive for detecting a mental health
disorder but have less specificity for anxiety.22,23
3
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ED visit for cannabis
use (N = 34,822)b

General population
(N = 12,064,322)c

Standardized
mean difference

N (%)

Sex

Female 11,587 (33.3) 6,136,802 (50.9) 0.36

Male 23,235 (66.7) 5,927,520 (49.1) 0.36

Age

Mean ± SD 27.61 ± 12.72 44.90 ± 20.28 1.02

10–18 years 8684 (24.9) 1,390,334 (11.5) 0.35

19–24 years 10,590 (30.4) 1,005,502 (8.3) 0.58

25–44 years 11,159 (32.0) 3,543,486 (29.4) 0.06

45–64 years 3886 (11.2) 3,910,659 (32.4) 0.53

65+ years 503 (1.4) 2,214,341 (18.4) 0.59

Rurality

Urban 31,164 (89.5) 10,755,424 (89.2) 0.01

Rural 3468 (10.0) 1,286,487 (10.7) 0.02

Neighbourhood income quintile

1 (Poorest) 10,043 (28.8) 2,329,924 (19.3) 0.22

2 7235 (20.8) 2,373,741 (19.7) 0.03

3 6239 (17.9) 2,406,412 (19.9) 0.05

4 5698 (16.4) 2,443,694 (20.3) 0.10

5 (Richest) 5342 (15.3) 2,470,854 (20.5) 0.13

Substance use acute care visits in past 3 years

Any 4907 (14.1) 101,006 (0.8) 0.52

Alcohol 2892 (8.3) 80,382 (0.7) 0.38

Stimulants 707 (2.0) 5324 (0.0) 0.20

Opioids 506 (1.5) 7204 (0.1) 0.16

Other 1951 (5.6) 14,782 (0.1) 0.33

Mental health acute care visits in past 3 years

Any 6616 (19.0) 124,255 (1.0) 0.63

Mood disorder 3376 (9.7) 66,640 (0.6) 0.42

Psychosis 2421 (7.0) 16,512 (0.1) 0.38

Deliberate Self harm 1637 (4.7) 29,102 (0.2) 0.29

Other 1428 (4.1) 24,643 (0.2) 0.27

Outpatient mental health and substance use visits in past 3 years

Any 20,835 (59.8) 3,134,484 (26.0) 0.73

Any anxiety (300) 15,362 (44.1) 2,292,789 (19.0) 0.56

Family physician 19,354 (55.6) 2,973,652 (24.6) 0.67

Family anxiety (300) 13,960 (40.1) 2,179,506 (18.1) 0.50

Psychiatrist 9486 (27.2) 582,121 (4.8) 0.64

Psychiatrist anxiety (300) 4412 (12.7) 289,864 (2.4) 0.40

Any outpatient or acute mental health or substance use visits in past 3 years

Yes 22,235 (63.9) 3,188,376 (26.4) 0.81

No 12,587 (36.1) 8,875,946 (73.6) 0.81

aBaseline anxiety disorder defined as care for an anxiety disorder in an ED or hospital setting in the past 3-years.
bCharacteristics taken at time of incident ED visit. cCharacteristics taken on pseudindex date matching
distribution of incident cannabis ED visits.

Table 1: Characteristics of individuals with an incident Emergency Department (ED) visit due to
cannabis and the general population with no baseline anxiety disordera between January 2008
and March 2019.
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Covariates
On index, we obtained sociodemographic details
including age, sex, rural residence, and neighborhood
income quintile. We obtained information on health
care use in the three years prior to index, (available from
2005 onwards), including outpatient mental health visits
and ED visits and hospitalizations for substance use
(alcohol, cannabis, opioids, and other) and mental
health conditions (mood disorder, schizophrenia and
psychosis, self-harm, and other)22,24 Urban or rural
residence and neighbourhood income level quintiles
were defined using Statistics Canada census data.25

Statistical analyses
We presented descriptive statistics on the characteristics
of individuals with an incident ED visit due to cannabis
and the general population and compared them using
standardized mean differences.26 We evaluated the risk
of having a healthcare visit for an anxiety disorder for
both groups using cumulative incidence functions and
cause-specific Cox proportional hazards to compare risk.
Members of the general population were assigned a
pseudo-index date that matched the distribution of index
dates for individuals with an ED visit due to cannabis;
see online Supplement Methods S3 for details.

We present unadjusted and adjusted Cox models,
with adjustments depending on the outcome and
sensitivity analysis. For our main analysis of the primary
outcome, we adjusted for age, sex, neighbourhood in-
come quintile, rurality, outpatient mental health service
use in the past three years (family medicine visit for
anxiety yes/no, family medicine visit for cause other
than anxiety yes/no, psychiatry visit for anxiety yes/no,
psychiatry visit for cause other than anxiety yes/no), past
three years acute care substance use (alcohol yes/no,
opioids use yes/no, stimulants yes/no, other substance
use yes/no), and past three years acute care mental
health use (depression yes/no, psychosis yes/no, self-
harm yes/no, and other mental health condition yes/
no). For our main analysis of the secondary outcome, we
excluded all individuals with prior outpatient anxiety
care and adjusted for the same factors as the main
analysis of the primary outcome, excluding outpatient
anxiety.

We completed sensitivity analyses of the risk of an
incident healthcare visit for anxiety (using both our
primary and secondary outcomes), which included only
individuals who had no outpatient, ED or hospital-based
case for a mental health condition or substance use
disorder in the three years before index. In these ana-
lyses, our Cox models were adjusted for age, sex,
neighbourhood income quintile, and rurality. All data in
ICES are complete except for rural residence or neigh-
bourhood income-quintile (<0.2% missing); we
included individuals with missing data in models with
an additional category indicating missing. Given dif-
ferences in the diagnosis of anxiety disorders by age, we
complete subgroup analyses that examined age and sex
strata separately.27 Proportional hazards were verified
through visual inspection of log–log plots. All analyses
were conducted using SAS Enterprise Guide 8.3 (SAS
Institute, Cary, NC).
www.thelancet.com Vol ▪ ▪, 2024
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Role of funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.

Results
Our study population for our primary analysis consisted
of 12,099,144 individuals without prior care for an
anxiety disorder in the ED or hospital setting, of whom
34,822 (0.29%) had an ED visit due to cannabis, see
online Supplemental Figure S1 for cohort flow.
Compared to the general population, individuals with an
ED for cannabis use were younger (mean age 27.6 vs
44.9 years, Standardized mean difference [SMD] 1.02),
more likely to be male (66.7% vs 49.1%, SMD 0.36), and
reside in the lowest-income quintile neighbourhood
(28.8% vs 19.3%, SMD 0.22). They were also likely to
have had prior outpatient mental health visits (59.8% vs
26.0%, SMD 0.73), ED visits or hospitalizations for non-
cannabis substance use (14.1% vs 0.8%, SMD 0.52) or a
mental health condition other than anxiety (19.0% vs
1.0%, SMD 0.63) in the past three years compared to the
general population. Our study population for our sec-
ondary analysis, excluding all individuals with prior
outpatient or ED, or hospital-based care for anxiety
disorders, consisted of 19,460 (63.9%) individuals with
an ED visit for cannabis use and 9,771,533 (81.0%)
members of the general population. Our study popula-
tion for our secondary analysis, excluding all individuals
with any prior outpatient or ED, or hospital-based care
for a mental health condition or substance use disorder,
Population
at risk

Diagnosis in
1 year, no. (%)

Diagnosis in
3 years, no. (%)

Dia
5 y

Primary analysis: no baseline anxiety disorderb

Primary outcome: incident ED visit or hospitalization for an anxiety disorderc

Cannabis 34,822 2429 (6.98) 4294 (12.33)

General population 12,064,322 49,577 (0.41) 143,345 (1.19) 214

Secondary outcome: incident outpatient visit ED visit or hospitalization for an anx

Cannabis 19,460 3135 (16.11) 5359 (27.54)

General population 9,771,533 163,334 (1.67) 550,132 (5.63) 845

Sensitivity analysis: no baseline mental health or substance use disorderse

Primary outcome: incident ED visit or hospitalization for an anxiety disorderc

Cannabis 12,587 569 (4.52) 966 (7.67)

General population 8,875,946 20,354 (0.23) 64,351 (0.73) 10

Secondary outcome: incident outpatient visit ED visit or hospitalization for an anx

Cannabis 12,587 1746 (13.87) 2975 (23.64)

General population 8,875,946 127,799 (1.44) 443,646 (5.00) 692

aRisk at 3-years. bIndividuals with no anxiety visits at index or in past 3 years (primary
more ED visits or hospitalizations for an anxiety disorder. dDefined as 1 or more ED visits
visits, ED visits or Hospitalizations for any mental health or substance use disorder in pa
baseline anxiety disorder models for past three years outpatient mental health service
psychiatry yes/no), past three years acute care substance use (alcohol yes/no, opioids u
(depression yes/no, schizophrenia yes/no, self-harm yes/no, and other mental health co

Table 2: Risk of incident healthcare visit for an anxity disorder after an Eme

www.thelancet.com Vol ▪ ▪, 2024
consisted of 12,587 (36.1%) individuals with an ED visit
due to cannabis and 8,875,946 (73.6%) members of the
general population, see Table 1.

Primary outcome: incident ED visit or
hospitalization for anxiety disorder
Within 3-years, 12.3% of people with an ED visit for
cannabis use had an incident ED visit or hospitaliza-
tion for an anxiety disorder compared to 1.2% of
members of the general population. After adjustment
individuals with an ED visit for cannabis use had a 3.7-
fold (adjusted hazard ratio [aHR] 3.69 95% CI
3.57–3.82) increased risk of having an incident ED visit
or hospitalizations for an anxiety disorder relative to
the general population. In our sensitivity analysis, were
ED visits for cannabis use were limited to only ED
visits with cannabis as the main reason for the visit (as
opposed to main or contributing), individuals
(n = 14,582) with an ED visit for cannabis use had a 9.2-
fold (adjusted hazard ratio [aHR] 9.24 95% CI
8.82–9.69) increased risk relative to the general popu-
lation (n = 12,064,322), see online Table S1. In our
sensitivity analysis excluding all individuals with any
prior healthcare for mental health conditions or sub-
stance use disorders, the risk of having an incident ED
or hospitalization for an anxiety disorder within 3-years
was 7.7% for individuals with an ED visit for cannabis
use and 0.7% for the general population. This repre-
sented a 9.4-fold (aHR 9.37 95% CI 8.79–9.99)
increased risk in the cannabis group relative to the
general population, Table 2.
gnosis in
ears, no. (%)

Diagnosis,
no. (%)

Incidence per
100,00 person yrsa

Unadjusted hazard
ratioa (95% CI)

Fully adjusted hazard
ratioa,f (95% CI)

5450 (15.65) 6575 (18.88) 4166.93 11.16 (10.83–11.51) 3.69 (3.57–3.82)

,655 (1.78) 303,117 (2.51) 403.87 Ref Ref

iety disorderd

6552 (33.67) 7701 (39.57) 9295.35 5.84 (5.69–6.00) 3.88 (3.77–3.99)

,655 (8.65) 1,197,735 (12.26) 1914.87 Ref Ref

1240 (9.85) 1514 (12.03) 2582.76 11.02 (10.34–11.74) 9.37 (8.79–9.99)

1,317 (1.14) 150,467 (1.70) 246.56 Ref Ref

iety disorderd

3636 (28.89) 4316 (34.29) 7954.15 5.47 (5.27–5.67) 5.31 (5.12–5.50)

,443 (7.80) 998,249 (11.25) 1699.83 Ref Ref

outcome: no ED visits or Hospitalizations, secondary outcome: additionally, no outpatient visits). cDefined as 1 or
or hospitalizations for an anxiety disorder or 2 or more outpatient visits for anxiety. eIndividuals with no outpatient
st 3 years. fAdjusted for age, sex, neighbourhood income quintile and rurality in all models. Further adjusted in no
use (anxiety visit family medicine visit yes/no, psychiatry yes/no and non-anxiety family medicine visit yes/no,
se yes/no, stimulants yes/no, other substance use yes/no), and past three years acute care mental health use
ndition yes/no).

rgency Department (ED) visit due to cannabis relative to the general population.
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Secondary outcome: incident ED visit,
hospitalization or outpatient visit for an anxiety
disorder
Within 3-years, 27.5% of people with an ED visit for
cannabis use has an incident outpatient, ED or hospi-
talization for an anxiety disorder compared to 5.6% of
members of the general population. After adjustment
individuals with an ED visit for cannabis use had a 3.9-
fold (adjusted hazard ratio [aHR] 3.88 95% CI 3.77–3.99)
increased risk relative to the general population. In our
sensitivity analysis excluding all individuals with any
baseline mental health conditions or substance use
disorders, the risk of an incident outpatient, ED visit or
hospitalization for an anxiety disorder within 3-years
was 23.6% for individuals with an ED visit for
cannabis use and 5.0% for the general population. This
represented a 5.3-fold (aHR 5.31 95% CI 5.37–5.50)
Fig. 1: Cumulative incidence function curves comparing incident healthca
compared to the general population over 5-years. The primary outcome
disorder, the secondary outcome (right column) is an incident outpatient,
(bottom row), those with any prior care for a mental health or substance u
disorder.
increased risk in the cannabis group relative to the
general population), Table 2.

Cumulative incidence functions for the risk of the
primary and secondary outcome following an incident
ED visit due to cannabis and in the general population
are presented in Fig. 1. Individuals with an ED visit due
to cannabis had an immediate increase in both the
primary and secondary outcomes relative to the general
population, which continued over 5-years of follow-up.

Subgroup analyses
Fig. 2 shows the risk of having an incident healthcare
visit for an anxiety disorder (primary and secondary
outcomes for the no anxiety at baseline groups) within
three years based on age, sex, and having had an ED
visit due to cannabis. The absolute risk of incident
anxiety disorder visits varied considerably by age and sex
re visits for an anxiety disorder following an ED visit due to cannabis
(left column) is an incident ED visit or hospitalization for an anxiety
ED or hospitalizaiton for an anxiety disorder. In the sensitivity analysis
se disorder were excluded. MH/SUD = mental health or substance use

www.thelancet.com Vol ▪ ▪, 2024
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A B

Fig. 2: Visual representation of crude percent of individuals diagnosed with an anxiety disorder in the ED or hospital within 3-years of an ED visit
due to cannabis and the general population by age and sex. Panel A shows the primary outcome (incident ED visit or hospitalization for an
anxiety disorder), and Panel B shows the secondary outcome (incident outpatient visit, ED visit or hospitalization for an anxiety disorder). In
Panel A and Panel B individuals have no prior care for an anxiety disorders.

Articles
for individuals with higher rates in youth and women
for individuals with an ED visit for cannabis use and the
general population. There was an increase in the risk
incident anxiety disorder visits in the cannabis group
relative to the general population across all age and sex
strata. However, the relative increase in risk was greater
for younger individuals, particularly for males. For
example, amongst individuals aged 10–18 years, the
increased risk of incident outpatient visit, ED visit, or
hospitalization for an anxiety disorder (secondary
outcome definition) in individuals with an ED visit to
cannabis relative to the general population was almost
double in men (aHR 5.67 95% CI 5.19–6.21) compared
to women (aHR 3.22 95% CI 2.95–3.52), see online
Table S2 for age and sex-specific hazard ratios.
Discussion
In this population-based study of over 12 million people,
we found that within three years of an ED visit for
cannabis use 12.3% of individuals had an incident ED
visit or hospitalization for an anxiety disorder and 27.5%
of individuals had an incident outpatient visit, ED visit
or hospitalization for an anxiety disorder. After adjust-
ment, rates were over 3-fold higher than the risk in the
unexposed general population of 1.2% (ED visit or
hospitalizations) and 5.6% (outpatient visit, ED visit, or
hospitalization). Males and females of all ages with an
ED visit due to cannabis were at increased risk of inci-
dent healthcare visits for an anxiety disorder relative to
the general population. However, adolescent10–18 males
www.thelancet.com Vol ▪ ▪, 2024
experienced the largest relative increase in risk from
cannabis use.

Our findings add to the literature about the rela-
tionship between cannabis use and anxiety disorders
and suggest both an association between cannabis use
and the risk of anxiety disorders as well as with the
severity of anxiety symptoms leading to the need for ED
visits or hospitalization. The increased risk of our pri-
mary outcome (incident ED visit or hospitalization for
an anxiety disorder) captures severe initial presentations
or worsening of pre-existing anxiety disorders. The
increased risk of our secondary outcome (incident
outpatient visit, ED visit or hospitalization for an anxiety
disorder) in individuals with ED visit for cannabis likely
captures new diagnoses of an anxiety disorder. Previous
studies have presented mixed findings with a 2021
meta-analysis of 10 longitudinal studies containing
49,273 individuals reported that cannabis use was
associated with a slightly increased risk of developing
any anxiety condition (OR = 1.25 95% CI 1.01–1.54).14

Critically, studies to date have generally had small
sample sizes, incomplete adjustment for confounders,
and generally relied on self-reported cannabis use rather
than health records for identification of exposure to
cannabis. Our findings of over a 3-fold increase in the
risk incident healthcare visit for an anxiety disorder
following an ED visit due to cannabis use compared to
much more modest increases in prior work may be
related to both the nature of our study design and
greater severity of exposure (e.g., cannabis use requiring
care in the ED vs self-reported lifetime or past year
7
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cannabis use). Our study cannot isolate the causal rela-
tionship between cannabis use and the development of
anxiety disorders. While our findings raise concern that
heavy cannabis use may cause anxiety disorders, there
are two alternative explanations for our findings.12 First,
individuals with an anxiety disorder who have not yet
presented for care may have been self-medicating with
cannabis in an attempt to alleviate symptoms. Our
sensitivity analysis, excluding all individuals with any
mental health or substance use history, continued to
find a positive association, reducing the likelihood of
this first explanation. Second, common risk factors such
as genetic predisposition or adverse life experiences may
increase the risk of both severe cannabis use and anxiety
disorders. While there is increasing evidence of alter-
ations by cannabis on neurocognition, including pro-
cesses linked to anxiety disorders, further research in
this area is indicated.

Cannabis use is increasing globally, and emerging
data from Canada and the United States suggests that
higher-risk cannabis use (e.g., regular use and use of
higher potency products) and associated healthcare en-
counters may have accelerated following non-medical
cannabis legalization and commercialization.5,28–31 Our
findings highlight that cannabis use that requires care
in the ED is associated with an increased risk of being
diagnosed with an anxiety disorder. Given accumulating
evidence of the association of cannabis use with severe
psychiatric disease, further public education and in-
terventions are indicated. For countries proceeding with
the legalization of medical and non-medical cannabis
public-health-oriented regulation based on best practices
from alcohol and tobacco along with emerging
cannabis-specific evidence may be indicated to avoid
potential increases in anxiety disorders.32 In the interim
ongoing monitoring of changes in anxiety disorders
following legalization are needed.

Our study has several limitations. First, while the use
of health administrative data has several advantages
(large cohorts with reduced risk of selection bias) it
captures care for cannabis use rather than cannabis use
itself. Consequently, while our study supports that
cannabis use requiring ED care is associated with an
increased risk of anxiety disorders, the findings have
reduced inference for the relationship between less
frequent or heavy cannabis use and anxiety. In addition,
individuals in Ontario with higher risk (e.g., frequent)
or disordered cannabis use who have not received care
in ED settings would be classified in the general popu-
lation, which would bias our findings towards the null.
Second, our primary outcome, an incident ED visit or
hospitalization for an anxiety disorder, is specific for
anxiety but captures both severe initial presentations of
anxiety and potential worsening of pre-existing anxiety
disorders previously managed in outpatient settings.
While our secondary outcome, which included incident
outpatient visits for anxiety disorders, is more likely to
be capturing new anxiety disorders, outpatient codes
have not been validated specifically for anxiety disorders
in Ontario. Third, health administrative data lacks in-
formation on patterns of cannabis use (frequency of use,
type and potency of products) which may be relevant for
the relationship between cannabis use and anxiety dis-
orders. Finally, while our study design, which excluded
prior healthcare visits for anxiety disorders, reduces the
possibility of reverse causality, some individuals with
incident ED visits for cannabis use may have already
had anxiety but not yet been diagnosed with an anxiety
disorder or received treatment.10 Regardless of causality,
the finding suggests that individuals with cannabis use
requiring treatment in the ED or hospital setting are at a
high risk of anxiety disorders and may benefit from
further assessment and intervention.

This cohort study found having an ED visit due to
cannabis use was associated with an increased risk of
requiring hospital-based care for anxiety and being
diagnosed with an incident anxiety disorder. The
elevated risk was present for all age groups and in men
in women but was particularly pronounced for younger
men. These findings have important implications given
global increases in cannabis use and potency, along with
increasing trends toward the legalization and commer-
cialization of medical and non-medical cannabis.
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