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Highlights

•	 Despite the known link between 
cannabis use and mental health 
outcomes, there have been few 
studies on the effect of cannabis 
legalization and regulation on 
mental health outcomes.

•	 Cannabis legalization and regula-
tion did not lead to an increase in 
the rates of admissions to hospitals 
or emergency departments due to 
intentional self-harm in two Canadian 
provinces at the population level.

•	 These findings could help inform 
future research exploring the effects 
of cannabis legalization and regu-
lation on intentional self-harm at 
the individual level as well as other 
mental health conditions that are 
largely understudied in this context.

Past-year cannabis use and cannabis use 
disorder are both associated with a higher 
prevalence of past-year suicidal ideation 
and attempt among young adults in the 
United States.6 There is also increasing 
evidence that individuals are using canna-
bis to self-medicate for anxiety, mood 
problems and other medical conditions.7 
This is problematic given the existing bur-
den of mental health conditions in Western 
societies, with an average of 12 deaths 
from suicide per day in Canada in the last 
3 years.8 Furthermore, cannabis use and 
intentional non-suicidal self-harm in ado-
lescence are significantly associated, even 

Abstract

Introduction: Despite the association between cannabis use and higher prevalence of 
suicidal ideation and attempt, the effect of cannabis legalization and regulation in 
Canada on intentional self-harm has not been determined.

Methods: We used an interrupted time series of population-based rates of emergency 
department (ED) visits and hospitalizations for intentional self-harm per 100 000 in 
Ontario and Alberta from January/April 2010 to February 2020. Aggregate monthly 
counts of ED visits and hospitalizations for intentional self-harm (ICD-10 codes X60–
X84, R45.8) were obtained from the National Ambulatory Care Reporting System and 
Discharge Abstract Database, respectively.

Results: The legalization and regulation of cannabis in Canada was not significantly 
associated with a change in rates of ED visits for intentional self-harm in Ontario 
(level  =  0.58, 95% CI: −1.14 to 2.31; trend  =  −0.17, 95% CI: −0.35 to 0.01) or 
Alberta (level = −0.06, 95% CI: −2.25 to 2.12; trend = −0.07, 95% CI: −0.27 to 
0.13). Hospitalizations for intentional self-harm also remained unchanged in Ontario 
(level = −0.14, 95% CI: −0.48 to 0.20; trend = 0.01, 95% CI: −0.03 to 0.04) and Alberta 
(level = −0.41, 95% CI: −1.03 to 0.21; trend = −0.03, 95% CI: −0.08 to 0.03).

Conclusion: Legalization and regulation of cannabis in Canada has not increased rates 
of ED visits or hospitalizations for intentional self-harm in Ontario and Alberta. 
Individual-level analyses that account for demographic characteristics and include other 
provinces and territories are needed.

Keywords: cannabis, health policy, mental health, population health, substance-related 
harms, substance use, public health, self-harm

system as well as to allow quality-con-
trolled and legal supply and production of 
cannabis for purchase by adults aged 18 
and older in Canada.1 Cannabis use, 
which was already increasing before legal-
ization, has continued to increase since 
then, that is, between 2018 and 2020,2,3 

which may be explained by the increased 
access.4,5 

Introduction

In October 2018, Canada became the sec-
ond country, after Uruguay, to legalize 
cannabis for recreational purposes under 
the Cannabis Act (Bill C-45).1 One of the 
main aims of the Cannabis Act was to 
reduce illicit cannabis activities and the 
subsequent burden on the criminal justice 
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when controlling for differences in sex, 
psychiatric disorders, frequent alcohol 
intoxication, other illicit drug use and 
parental psychiatric disorders.9 Neverthe
less, the effect of cannabis legalization 
and regulation on mental health outcomes 
is not well-established, with only two 
studies from the US reporting on the 
potential impacts of this policy change on 
emergency department (ED) visits and 
hospitalizations for intentional self-harm.10,11 

Canada’s experience with cannabis legal-
ization and regulation is being observed 
internationally. One goal of the Cannabis 
Act was to set several clear legal require-
ments intended to protect against the risks 
associated with cannabis.12 To establish 
national standards to protect public health 
and safety, it is necessary to understand 
the impacts of cannabis legalization and 
regulation on these outcomes and set the 
foundation for appropriate public health 
responses. 

Through this study, we aim to determine 
the effect of cannabis legalization and 
regulation on rates of ED visits and hospi-
talizations for intentional self-harm in 
Ontario and Alberta. We hypothesized 
that the implementation of Canada’s 
Cannabis Act would be associated with 
increased rates of ED and hospital presen-
tations for intentional self-harm in both 
provinces.

Methods

Study design

We used an interrupted time series design 
to clearly visualize data and account for 
secular trends and autocorrelation. An 
interrupted time series is considered the 
most appropriate quasi-experimental study 
design for measuring the outcomes of a 
policy change when randomization is not 
possible.13-15 The time series were con-
structed from monthly rates of ED visits 
and hospitalizations for intentional self-
harm in Ontario and Alberta. We used vis-
its and hospitalizations that were recorded 
in national population-based databases 
from January or April 2010 to February 
2020.

Ethics approval

The Research Ethics Board (REB) at Unity 
Health Toronto reviewed and approved 
this study (REB 20-330). 

Setting

We obtained Ontario and Alberta popula-
tion-based data from the Canadian 
Institute for Health Information (CIHI), 
using the National Ambulatory Care 
Reporting System (NACRS) for aggregate 
level counts of ED visits and the Discharge 
Abstract Database (DAD) for aggregate 
level counts of hospitalizations for inten-
tional self-harm. Submitting ED visit data 
to the NACRS is only mandated in some 
provinces (e.g. Ontario and Alberta, which 
have nearly 100% coverage of ED visits).16 
The DAD captures hospitalization data 
from all provinces and territories except 
Quebec. 

Because we only had ED visit data from 
Ontario and Alberta, we chose to include 
only those two provinces in our analyses 
of both ED visits and hospitalizations for 
comparability. Because ED visits in 
Alberta were not recorded in the NACRS 
until 1 April 2010, whereas ED visits were 
recorded in Ontario as of 1 January 2010, 
results were reported separately for 
Ontario and Alberta. Hospitalizations in 
Ontario and Alberta were reported in the 
DAD as of 1 January 2010. Cells contain-
ing non-zero counts of less than 5 were 
suppressed.

Outcome

In both the DAD and the NACRS, each 
medical record includes at least one pri-
mary diagnosis based on the International 
Statistical Classification of Diseases and 
Related Health Problems, 10th Revision, 
Canada (ICD-10-CA); the DAD also has 
optional fields for 24 additional diagnoses 
while the NACRS has optional fields for 9 
additional diagnoses.17 For this study, we 
defined intentional self-harm as an occur-
rence of at least one of the following ICD-
10-CA codes in any field, used by CIHI to 
identify purposely self-inflicted poisoning 
or injury, including attempted suicide17: 
X60–X84 and R45.8. The proposed diag-
nostic codes have been used in previous 
studies.10,11,18 For instance, Randall et al.18 
found diagnostic codes X60–X84 to have a 
specificity of more than 98% and a posi-
tive predictive value of more than 80% for 
both suicide attempt and self-harm.

Data analysis

We used an interrupted time series analy-
sis with segmented regression to examine 
the effect of cannabis legalization and 

regulation on ED presentations for inten-
tional self-harm that occurred between 
1  January 2010 and 1 February 2020 in 
Ontario and between 1 April 2010 and 
1 February 2020 in Alberta as well as hos-
pital presentations that occurred between 
1  January 2010 and 1 February 2020 in 
both provinces. Because ED visits in 
Alberta did not start being recorded in the 
NACRS until April 2010, we based analy-
ses of ED visits in Alberta on 119 monthly 
observations (April 2010 to February 2020) 
instead of the 122 monthly observations 
(January 2010 to February 2020) in 
Ontario.

We defined the post-intervention period 
for all analyses as October 2018 (given 
that recreational cannabis legalization 
was enacted midmonth) to February 2020. 
Segmented regression was used to esti-
mate and statistically test the changes in 
y-intercept level and slope in the post-
intervention period compared to the pre-
intervention period, that is, to quantify 
immediate (level) changes in the rate of 
the outcome (e.g. an increase or decrease 
after the intervention) as well as changes 
in the slope (trend) over time.19 The mod-
els were predefined to estimate both a 
level and trend change. An interrupted 
time series can distinguish between the 
actual effect of a policy change and exist-
ing secular trends (e.g. increasing rates of 
outcomes over time) at a population level 
by comparing the post-intervention period 
with the pre-intervention period (the 
control).13-15

Monthly rates of ED visits and hospitaliza-
tions for intentional self-harm were calcu-
lated for all years of data for Ontario and 
Alberta separately and reported per 
100  000 population. The numerator was 
the total number of ED visits or hospital-
izations for intentional self-harm; the 
denominator was the total population in 
each province for the given month inter-
polated based on quarterly population 
estimates provided by Statistics Canada.20 
Given the difference in frequency and 
characteristics of presentations to the ED 
versus admissions to the hospital, we 
modelled rates of ED visits and hospital-
izations separately, and presented these 
rates descriptively, as time series.

The main assumptions of an interrupted 
time series are that the trends are linear 
over time and the distribution of residuals 
is relatively normal. We checked both 
assumptions by inspecting the distribution 
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of the raw data points over time. An inter-
rupted time series analysis can accommo-
date seasonal trends; we checked for these 
by inspecting the raw data points over 
time. To account for autoregressive and/or 
moving averages correlation, which can 
be present in time-based data, we inspected 
the autocorrelation function plots of the 
outcome variable to determine whether 
autoregressive and/or moving averages 
correlation structures needed to be added 
to the final model. 

We used segmented regression with 
autoregressive-moving averages correla-
tion structures. The following parameters 
were used for the autoregressive-moving 
averages models (p,q): ED visits in 
Ontario (12,0); ED visits in Alberta (1,0); 
hospitalizations in Ontario (12,0); and 
hospitalizations in Alberta (7,0). All sta-
tistical analyses were performed using 
RStudio, version R 3.3.0+ (packages 
used: nlme and car). An alpha value of 
0.05 was used to establish statistical 
significance.

Results

There were no months with suppressed 
counts of ED visits or hospitalizations for 
intentional self-harm in either Ontario or 
Alberta. Models of rates of ED visits and 
hospitalizations for intentional self-harm 
did not require adjustments for nonlinear-
ity or seasonality. All models were adjusted 
for autocorrelation. Adjusted interrupted 
time series models of rates of ED visits 
and hospitalizations for intentional self-
harm per 100 000 population in Ontario 
and Alberta are depicted in Figures 1A, 
1B, 2A and 2B. Both the level, referring to 
the immediate change, and the trend, 
referring to the slope change, were 
reported as an increase or decrease.

There was no statistically significant asso-
ciation between cannabis legalization and 
rates of presentations to the ED or hospi-
tal for intentional self-harm after legaliza-
tion enactment in Ontario or Alberta. 
Rates of ED visits for intentional self-
harm per 100  000 population were not 
affected by cannabis legalization in Ontario 
(level = 0.58, 95% confidence interval [CI]: 
−1.14 to 2.31, p = 0.51; trend = −0.17, 
95% CI: −0.35 to 0.01, p  =  0.06) and 
Alberta (level = −0.06, 95% CI: −2.25 to 
2.12, p = 0.95; trend = −0.07, 95% CI: 
−0.27 to 0.13, p = 0.52). Similarly, hos-
pitalizations for intentional self-harm per 
100  000 population remained unchanged 

B. Alberta, April 2010–February 2020

Notes: The black dotted vertical lines represent the enactment of recreational cannabis legalization (October 2018). The red dot-
ted horizontal lines represent the counterfactual (extension of the pre-legalization period/underlying trend). 

FIGURE 1 
Adjusted time series plots of population-based monthly rates of emergency  

department visits for intentional self-harm per 100 000 population

A. Ontario, January 2010–February 2020

after cannabis legalization enactment in 
Ontario (level = −0.14, 95% CI: −0.48 to 
0.20, p = 0.42; trend  =  0.01, 95% CI: 
−0.03 to 0.04, p = 0.75) and Alberta 
(level = −0.41, 95% CI: −1.03 to 0.21, 
p = 0.20; trend = −0.03, 95% CI: −0.08 
to 0.03, p = 0.38).

Discussion

Our study demonstrated that cannabis 
legalization and regulation is not associ-
ated with increases in presentations to the 
ED or hospital for diagnoses related to 
intentional self-harm in Ontario and Alberta.
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access to cannabis for medical purposes 
has been permitted in Canada under vari-
ous sets of regulations since 2001. 

Our results align with findings from two 
US studies that found no change in total 
population rates of self-harm11 and death 
by suicide10 after recreational cannabis legal
ization and regulation. However, these 
studies showed increases for certain age 
groups10,11 and male sex.11

Future directions

To better assess the effects of cannabis 
legalization and regulation on intentional 
self-harm, future studies should repeat 
these methods using individual-level data. 
There are known age, sex and socioeco-
nomic differences for the prevalence of 
mental health conditions (e.g. attempted 
suicide is higher among females)22-24 and 
risk of disordered cannabis use (e.g. higher 
risk for youth aged 15–24 years, males 
and lower-income populations).25 Given 
this, demographic differences in the effect 
of cannabis legalization on intentional 
self-harm should also be explored.

Other mental health outcomes, including 
but not limited to cannabis use disorder, 
anxiety, depression, post-traumatic stress 
disorder and psychosis, should be studied 
in relation to cannabis legalization and 
regulation in all jurisdictions that have 
implemented cannabis legalization, includ-
ing Canada. Future studies should also 
consider analyzing data across all prov-
inces and territories or perform a com-
bined nationwide analysis.

Limitations and strengths

Our study has several limitations that may 
affect the interpretation of results. First, 
our results are based on aggregate (popula
tion) data that limit inferences about indi-
viduals. Our study also did not consider 
important demographics, such as age and 
sex, that may modify any effect of canna-
bis legalization on intentional self-harm. 

Since only ED and hospitalization data 
were considered, our study was unable to 
account for intentional self-harm events 
that did not end up in ambulatory care or 
the hospital during this period. Further
more, study data were limited to Ontario 
and Alberta and patterns may not be gen-
eralizable to the rest of Canada and juris-
dictions abroad. 

FIGURE 2 
Adjusted time series plots of population-based monthly rates of  

hospitalizations for intentional self-harm per 100 000 population

A. Ontario, January 2010–February 2020

B. Alberta, January 2010–February 2020

Notes: The black dotted vertical lines represent the enactment of recreational cannabis legalization (October 2018). The red dot-
ted horizontal lines represent the counterfactual (extension of the pre–legalization period/underlying trend).
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There are many possible explanations for 
why cannabis legalization appeared to 
have a minimal impact on rates of inten-
tional self-harm at the population level, 
despite the literature pointing to an asso-
ciation between cannabis use and mental 
health conditions. National public health 

measures have been implemented by Health 
Canada since the Cannabis Act came into 
force, including educational campaigns (e.g. 
evidence-based information tools, adver-
tising and marketing campaigns, etc.) that 
highlight the health risks of cannabis use, 
including mental health impacts.21 Also, 
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Finally, our model did not take into 
account whether the impact of cannabis 
legalization might be lagged or delayed, as 
the modelling approach was determined a 
priori. 

A major strength of our study is the use of 
an interrupted time series design, which is 
considered the strongest design for popu-
lation-level health interventions when 
randomization is not possible.26 Using this 
design, our study was able to account for 
secular trends, seasonality and autocorre-
lation, which are common concerns of 
using time series data.13,14 Further, the 
NACRS encompasses almost all ED visits 
in Ontario and Alberta, providing an accu-
rate estimate of the effect of cannabis 
legalization on ED visits for intentional 
self-harm for the Canadian population.

Conclusion

The findings of our study show that can-
nabis legalization and regulation in 
Canada did not impact rates of ED visits 
and hospitalizations for intentional self-
harm. Analyses of individual-level data 
that account for demographics and from 
other provinces and territories are needed 
to confirm these findings.
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