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Death by suicide

In the U.S., death by suicide is a leading cause of death and was the 2nd leading cause of death for ages 15-to-34
in 2018. Though incomplete, much of the scientific literature has found associations between cannabis use and
death by suicide. Several states and the District of Columbia have legalized cannabis for general adult use. We
sought to evaluate whether cannabis legalization has impacted suicide rates in Washington State and Colorado,
two early adopters. We used a quasi-experimental research design with annual, state-level deaths by suicide to
evaluate the legalization of cannabis in Washington State and Colorado. We used synthetic control models to
construct policy counterfactuals as our primary method of estimating the effect of legalization, stratified by age,
gender, and race/ethnicity. Overall death by suicide rates were not impacted in either state. However, when
stratified by age categories, deaths by suicide increased 17.9% among 15-24-year-olds in Washington State, or
an additional 2.13 deaths per 100,000 population (p-value <0.001). Other age groups did not show similar
associations. An ad hoc analysis revealed, when divided into legal and illegal consumption age, 15-20-year olds
had an increase in death by suicides of 21.2% (p-value = 0.026) and 21-24-year olds had an increase in death by
suicides of 18.6% (p-value <0.001) in Washington State. The effect of legalized cannabis on deaths by suicide
appears to be heterogeneous. Deaths by suicide among 15-24-year-olds saw significant increases post-
implementation in Washington State but not in Colorado.

analysis found that the evidence supports the claim that heavy, or
chronic, cannabis use is likely able to predict suicidality, though the

1. Introduction

Death by suicide is a leading cause of death in the United States and
has been increasing over the past 20 years (Stone, 2018a). Suicide re-
mains a leading public health problem. Suicide is the second leading
cause of death for those aged 10 to 44 (CDC, 2020). According to the
Centers of Disease Control (CDC), there were 48,344 deaths by suicide in
2018, or 14.78 per 100,000 population (CDC, 2020).

While the literature surrounding cannabis use and death by suicide is
not complete, there is much that suggests associations exist (Delforterie
et al., 2015). Particularly, there is evidence that suggests a potential
relationship between cannabis use disorders and suicide attempts
among those with bipolar disorder (Bartoli et al., 2019). A recent meta-

same is not true for periodic cannabis use (Borges et al., 2016). Impor-
tantly, some research suggests the link between cannabis use and suicide
may be explained by shared risk and protective factors such as depres-
sive symptoms (Harris and Barraclough, 1997; Wilcox et al., 2010).
However, it is important to note that these associations lack causal
evidence.

As of June 2020, 11 U.S. states and the District of Columbia had
legalized cannabis for recreational use by adults over age 21 years and a
total of 33 states have legalized cannabis for medical use (National
Conference of State Legislatures, 2020). Washington (WA) and Colorado
(CO) legalized cannabis in 2012. Subsequent states legalized cannabis in

* Corresponding author at: Department of Health Policy and Management, Johns Hopkins Bloomberg School of Public Health, 624 N. Broadway, Baltimore, MD

21205, United States of America.
E-mail address: mdoucet3@jhu.edu (M.L. Doucette).

https://doi.org/10.1016/j.ypmed.2021.106548

Received 15 July 2020; Received in revised form 2 April 2021; Accepted 3 April 2021

Available online 8 April 2021
0091-7435/© 2021 Elsevier Inc. All rights reserved.


mailto:mdoucet3@jhu.edu
www.sciencedirect.com/science/journal/00917435
https://www.elsevier.com/locate/ypmed
https://doi.org/10.1016/j.ypmed.2021.106548
https://doi.org/10.1016/j.ypmed.2021.106548
https://doi.org/10.1016/j.ypmed.2021.106548
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ypmed.2021.106548&domain=pdf

M.L. Doucette et al.

2014 (AK, OR, & DC), 2016 (CA, ME, MA, & NV), 2018 (ML, & VT), and
2019 (IL). Recent research has examined the effect of medical and/or
recreational cannabis legalization on cannabis consumption habits
(Cerda et al., 2017, 2020; Stolzenberg et al., 2016; Vigil et al., 2018;
Wall et al., 2016; Wen et al., 2019).

Wen et al. (2019) examined the impact of medical cannabis laws on
cannabis attitudes and perceptions using the National Survey on Drug
Use and Health (NSDUH) data from 2004 to 2012. Results suggested that
implementing medical cannabis laws increased the probability that
young adults perceived no or low health risk associated with cannabis
use (Wen et al., 2019). Stolzenberg et al. (2016) used NSDUH from two
time periods (2002-2003 and 2010-2011) to conducted a cross-
sectional pooled-time series analysis, finding medicalization increased
recreational use of cannabis by young adults (Stolzenberg et al., 2016).
Wall et al. (2016) replicated the study by Stolzenberg et al. (2016),
finding no increase in recreational use after accounting for pre-
medicalization prevalence (Wall et al., 2016). Cerda, Wall, Feng &
colleagues (2017) examined the association between adolescent
cannabis use and legalization finding that adolescent cannabis use
increased significantly in WA while CO did not display any changes post-
legalization (Cerda et al., 2017). Cerda, Mauro, Hamilton & colleagues
(2020) examined the impact of recreational cannabis legalization on
cannabis use disorder (CUD) and cannabis use in the U.S. from 2008 to
2016 using cross-sectional surveys. The study found respondents 12 to
17 years in states with cannabis legalization had a 25% significant in-
crease in past year CUD and respondents 26 years old had a 36% in-
crease in past year CUD (Cerda et al., 2020). Vigil, Van Dyke, Hall &
colleagues (2018) found no change in past-30 day cannabis use rates for
18-24 year olds in CO after recreational legalization (Vigil et al., 2018).

Other research has investigated the impact of medical marijuana
laws on suicide risk to conflicting ends (Anderson et al., 2014; Bartos
et al., 2020; Grucza et al., 2015). Anderson, Rees, and Sabia used data
from 1990 to 2007 from the National Center for Health Statistics (NCHS)
- Detailed Mortality File finding suicide among males age 20-39 reduced
after medicalization (Anderson et al., 2014). However, Grucza et al.
(2015) replicated the work of Anderson, with additional years of data
and covariates finding no significant relationship (Grucza et al., 2015).
Bartos and colleagues (2020) used synthetic control method (SCM) to
examine the impact of medical cannabis on suicide in California from
1970 to 2004. While the authors found significant reductions, they also
couch their causal findings within the context of suicide mechanism,
stating the overall reductions may be a result of reductions in gun access
seen in California during the time span (Bartos et al., 2020). A recent
review of the literature regarding the impact of liberalization of
cannabis suggests more time is needed to fully understand the impact of
laws that make cannabis more accessible, whether medically or rec-
reationally, and calls for future policy research to evaluate the impact of
law changes on other secondary-outcomes (Leung et al., 2018).

As more states choose to legalize cannabis, it is imperative to un-
derstand the range of potential health impacts. We sought to examine
whether deaths by suicide increased during the 5 years post-legalization
in CO and WA, the states with the earliest commercial adult cannabis
programs.

2. Methods

To evaluate the impact of cannabis legalization on deaths by suicide
in CO and WA, we used a quasi-experimental research design with
annual, state-level death by suicide rates per 100,000 population from
2000 to 2018. We used the — Limited Geography Mortality file to identify
state-level suicide deaths stratified by age, sex, and race/ethnicity.
NCHS - Mortality files from 2005 to 2018 were obtained via data request
from the NCHS. Mortality files for 2000-2004 were ascertained from the
Inter-University Consortium for Political and Social Research (ICPSR) as
they were publicly available data (National Center for Health Statistics,
2007a, 2007b, 2007c). Our primary outcome was death by suicides.
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2.1. Variables

To identify death by suicides in NCHS - Mortality Files across all
years, we used ICD-10 codes X60-X84, Y87.0, *UO3 to identify inten-
tional self-harm events. We categorized age into six, ten-year categories:
15-24-years old, 25-34-years old, ...65+ years old. Race/ethnicity was
categorized into Non-Hispanic White, Non-Hispanic Black, and His-
panic. Counts of deaths by suicide stratified by sex, race/ethnicity, and
age categories were then collapsed to the state-and-year-level for each
year, providing a longitudinal dataset with repeated measures. We ob-
tained total population counts for each demographic group from the
Centers for Disease Controls’ Web-based Injury Statistics Query
Reporting System by state-and-year (CDC, 2020) and generated suicide
rates per 100,000 population.

We obtained state-level demographics from the Current Population
Survey microdata available through the Integrated Public Use Microdata
Series (IPMUS) (Flood et al., 2020). We included state-and-year indexed
percentages of the following self-reported covariates: percent of the state
unemployed, served in the military, white, male, and married.

We obtained percentage of past-year marijuana use among all per-
sons aged >12 from the National Survey of Drug Use and Health
(SAMHSA, 2016). We extrapolated this data for years 2000-2002 as this
information was not available. We divided the population of 18-34-year
olds by the total population within each state-and-year to control for the
percent population within this age range. We used a state-level estimate
of household firearm ownership, produced by the RAND Corporation
(Schell et al., 2020). The household firearm ownership measure uses
data from surveys and administrative sources to produce an estimated
proportion of adults that live in a household with a firearm (Schell et al.,
2020). All data was state-year indexed from 2000 to 2013 to create
synthetic control models prior to the commercial availability ot cannabis
in CO and WA.

Strong mental health parity laws are associated with better access to
mental health services (Barry and Busch, 2007) and potentially associ-
ated lower rates of suicide (Lang, 2013). To account for state differences
in mental health parity laws, we used state report data from The
Kennedy-Satcher Center for Mental Health Equity, which provides a
graded (0—100) score for each state’s quality of parity law statutes
(Douglas, 2018).

2.2. Analysis

We employed a synthetic control method (SCM) approach to produce
the best possible counterfactual for estimating the policy effect of
cannabis legalization on death by suicides in both CO and WA stratified
by various characteristics (Abadie et al., 2010, 2014; Galiani and
Quistorff, 2016). The SCM uses a pool of “non-treated” states—states
that did not adopt the policy of interest—to identify a weighted com-
bination of states that most closely approximates the treated state during
the pre-law adoption period. This weighted combination, called the
“synthetic control,” is a more accurate representation of the counter-
factual scenario—what the state would have experienced in absence of
the policy of interest. The synthetic trend is then forecasted forward, in
the post-law adoption period, creating a counterfactual to which the
intervention state can be compared. It is potentially preferable to a
traditional comparison of two neighboring states, for example, as it is
more likely to fulfill the parallel trend assumption and less subject to
selection bias, thus making a difference-in-difference measure of change
more valid. Each stratified outcome was evaluated separately, creating
28 individual models (14 models for CO and 14 models for WA).

To construct appropriate SCMs for both CO and WA, we excluded
Alaska, California, District of Columbia, Illinois, Maine, Massachusetts,
Michigan, Nevada, Oregon, and Vermont from the potential donor pool
as these states have also legalized cannabis. Both CO and WA were
removed from each other’s potential pool of donor states. Though CO
and WA legalized cannabis in 2012, cannabis was not commercially
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available until January 2014 in CO and July 2014 in WA. As such, years
2000 to 2013 were our pre-law period and 2014-2018 were our post-law
periods. Following previous uses of SCMs for examining health out-
comes, deaths by suicide rates were smoothed using a three-year moving
average to ease interpretation of volatile data (Abadie et al., 2010, 2014;
Abadie and Gardeazabal, 2003; Crifasi et al., 2015; Rudolph et al.,
2015). Our weighted synthetic control states were created using death
by suicide rate values at years 2000, 2005 and 2013 and all of the listed
covariates indexed at the state and year.

We used the Stata package synth runner to construct our SCM, which
produced effect estimates and measures of the significance of effects
(Galiani and Quistorff, 2016). This package, built on the synth package,
(Abadie et al., 2011) provides effect estimates in the form of difference
in treated and synthetic control outcomes at post-treatment time points
1,2...n, and provides pseudo p-values as measures of effect. Pseudo p-
values are derived by comparing treated states’ post-treatment root
mean square prediction error (RMSPE) to other placebo estimates,
scaled by pre-treatment RMSPE. They represent the proportion of pla-
cebo states that have a ratio of post-treatment RMSPE to pre-treatment
RMSPE at least as big as the treated units. Placebo estimates of the
treatment effect are produced by assigning the same treatment period to
all other potential donor control units (Crifasi et al., 2015). We ran
models specifying the nested option for optimal pre-treatment RMPSE
matching.

For our analysis, the potential control states included in the donor
pool were modeled as if they legalized cannabis in 2014 and their post-
and-pre-treatment RMPSE were utilized to understand what proportion
of placebo tests had similar effect sizes as the treated state given how
closely their pre-treatment trends matched their synthetic controls. A
significant difference (p < 0.05) represents a treatment state with a
comparatively small RMPSE in the pre-treatment period and a
comparatively large difference in the deaths by suicide rate compared to
all other placebo states (Galiani and Quistorff, 2016). We produced the
average effect of adult cannabis legalization using a difference-in-
difference calculation.

We conducted several sensitivity analyses. First, we conducted a
sensitivity analysis to estimate the immediate effect of legalization,
wherein we modeled the impact of cannabis legalization starting in
2012, the year cannabis was legalized via ballot measure in both CO and
WA. Second, we conducted a sensitivity analysis using injury deaths of
undetermined intent as our primary outcome (defined as ICD-10 Codes:
Y10-Y34, Y87.2, Y89.9). We used deaths of undetermined intent as our
sensitivity outcome as evidence suggest, when intent cannot be deter-
mined or is to ambiguous due to missing data or lack of evidence,
possible suicide deaths are classified as undetermined intent. This is true
especially for drug intoxication deaths (Bohnert et al., 2013; Huguet
et al., 2012, 2014; Rockett et al., 2010, 2018; Stone, 2018b). We also
conducted an econometric time series analysis, a standard in policy
evaluation, for comparison. We used a pooled, cross-sectional time se-
ries analysis using data from all 50 states to evaluate the impact of
recreational cannabis availability in CO and in WA from 2000 to 2018.
To do so, we created a dummy variable for each CO and WA which
equaled 0 in the years 2000-2013 and equaled 1 in the years
2014-2018. To estimate the effects of cannabis legalization on death by
suicides, we employed a negative binomial distribution to model each
outcome due to overdispersion of variance, state- and-year fixed effects,
and standard errors clustered at the state-level. Fixed effects were
included to account for time-and-state invariant factors and omitted
variables. We used the same covariates as the SCM models and excluded
CO and WA from their respective models. This research was deemed not
to be “human subjects research’ by Eastern Connecticut State University.
All analysis were conducted using Stata SE v. 15.0 (StataCorp., 2017).

3. Results

For both CO and WA, treatment and synthetic control states
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appeared similar across predictors and outcomes within the pre-
treatment time period, indicating strong synthetic controls across the
stratified models (Appendix Table 1). Treated states, compared to their
synthetic controls, did display greater mean percentage of persons
reporting cannabis use in the past year. This is logical as these early
adopters of legalized cannabis likely had higher use rates prior to
legalization compared to states that have not legalized cannabis.Ap-
pendix Tables 2 and 3 present states with non-zero synthetic control
weights for all of the stratified SCMs for CO and WA respectively.

Overall, both CO and WA did not display an increase in deaths by
suicide (Table 1). Deaths by suicides, though, when stratified by age had
significant findings. In WA, the death by suicide rate among 15-24-year
olds increased 17.95% on average, or an additional 2.13 deaths per
100,000 population per year (p-value <0.001). Fifteen-to-twenty-four-
year olds in CO did not have similar findings (5.51% increase, p value
= 0.432). Within all other strata, the death by suicide rates were not
impacted by cannabis legalization, though the death by suicide rate
among Males in WA increased 7.16% (p-value = 0.079).

As the legal consumption age of cannabis is 21 in both states, we
performed an ad hoc analysis, splitting the age category into those of
illegal cannabis consumption age (15-20-years old) and legal con-
sumption age (21-24-years old). In WA, the positive relationship per-
sisted across both age groups. Death by suicide among those of illegal
consumption age increased 21.23% on average (p-value = 0.026).
Deaths by suicide among those of legal consumption age increase
18.67% (p-value <0.001). We did not find significant associations in CO.

Fig. 1A, B, C, D and Fig. 2A, B, C, D present the SCMs for all type
death by suicide rate, 15-24-year olds death by suicide rate, 15-20-year
olds death by suicide rate, and 21-24-year olds death by suicide rate for
CO and WA respectively. Each of the significant models displayed large
deviations between the treated and control states during the post-
treatment period (2014-2018), indicated by their large post-treatment
RMSPE (Appendix Table 4). In the pre-treatment period, the synthetic
controls accurately mirrored their treated state’s suicide outcome,
indicated by a small RMSPE. In all significant models, the treatment
states deviated steeply from their control states, with the control states
remaining relatively stable. There appears to be a slight lag before the
treated and control states diverge, indicating that immediately post-
legalization, there may not have been significant differences in deaths
by suicide and that significant differences may have emerged 1-2-years
post-implementation.

In the stratified models that did not display significant change post-
implementation (Appendix Figs. 1, 2, 3, ...20), either the synthetic
control fit in the pre-treatment period tended to be volatile, i.e., the pre-
treatment RMPSE was large, or there was limited or no deviation be-
tween the treatment and synthetic control state post-implementation, i.
e., the post-treatment RMPSE was small.

The standard econometric time series analysis model (Table 2) pro-
vided similar results to the SCMs. Using this method, those 15-24 years
old in Washington had 1.280 times greater expected incidence of death
by suicide compared to other states (p-value = 0.001; 95% CI: 1.10,
1.48). Similarly, those 15-20 years old had 1.285 times greater expected
incidence (p-value = 0.001; 95% CI: 1.10, 1.50) and those 21-24 years
old had 1.245 times greater expected incidence of death by suicide (p-
value = 0.001; 95% CI: 1.07, 1.44). All other models were not signifi-
cantly different, excluding Hispanics in WA (IRR = 1.67; 95% CI: 1.16,
2.39; p-value = 0.005). The sensitivity models examining the immediate
impact of cannabis legalization independent of commercial availability
(Appendix Table 5) found no relationships between cannabis legaliza-
tion and suicide outcomes when measuring the effect starting in 2012.
There was a found relationship between cannabis legalization and injury
deaths of undetermined intent among 35-44-year-olds in WA. Those
35-44 in WA saw a 37% reduction in the rate of undetermined deaths in
the years after cannabis legalization (Appendix Table 6).
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Table 1
Impact of cannabis legalization on death by suicides among Colorado and Washington from 2000 to 2018, stratified by sex, age, and race/ethnicity.
Colorado Washington
Death by suicide, Average Percent P- No. states with larger Average Percent P-value No. states with larger
Stratified by outcome difference in change in value pre-post treatment difference in change in pre-post treatment
suicide rate suicide rate RMPSE ratio suicide rate suicide rate RMPSE ratio

All 0.091 0.52 0.789 30 0.47 3.49 0.236 10
Male 1.82 6.85 0.316 12 1.51 7.16 0.079 3
Female —-0.299 —3.85 0.474 18 -0.21 —3.66 0.158 6
15-24-year olds 0.91 5.51 0.432 16 2.13 17.95 <0.001 0
25-34-year olds 1.01 5.35 0.368 14 —1.84 —12.42 0.105 4
35-44-year olds 0.11 0.51 0.684 26 0.44 2.63 0.974 37
45-54-year olds —-0.10 —0.38 0.987 37 0.45 2.29 0.763 29
55-64-year olds —0.01 —0.02 0.947 36 1.03 5.83 0.237 9
65+ year olds 0.45 2.12 0.763 29 0.47 2.42 0.105 4
Illegal consumption 2.18 16.11 0.105 4 2.12 21.23 0.026 1

age (15-20-year

olds)
Legal consumption —0.22 —1.08 0.711 27 2.72 18.67 <0.001 0

age (21-24-year

olds)
Non-Hispanic White —-0.20 —-0.99 0.894 32 0.34 2.21 0.342 13
Non-Hispanic Black 0.00 0.08 0.821 31 1.48 20.29 0.154 6
Hispanic 0.55 5.47 0.078 3 1.60 28.92 0.211 8

Note: Rates calculated as per 100,000 population. Bold indicates pseudo p-values significant at less than 0.05, p-values obtained from placebo ratio comparison of
model performance to treatment state. Average difference in suicide rate found using difference-in-difference calculation. Each model includes percent population
veteran, white, male, unemployed, 18-34 years old, married, living in a metropolitan statistical area, past year marijuana use 12 years and older, proportion of
household firearm ownership, and a mental health parity score.
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4. Discussion

This study is among the first to estimate the impact of cannabis
legalization on deaths by suicide stratified by age, sex, and race/
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Fig. 1. Synthetic control analysis of Colorado’s cannabis legalization, by select characteristics 2000-2018.

ethnicity among early adopter states, CO and WA. These results suggest
that the overall impact of recreational cannabis on deaths by suicide is

heterogenous. While neither state saw significant impact on death by
suicide post legalization overall, WA did see significant increases in the
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Fig. 2. Synthetic control analysis of Washington State’s cannabis legalization, by select characteristics 2000-2018.

Table 2
Standard econometric analysis of Impact of cannabis legalization on Colorado and Washington’s Death by Suicide, 2000-2018.
Colorado Washington

Death by suicide, Stratified by outcome Incidence rate ratio 95% confidence interval P-value Incidence rate ratio 95% confidence interval P-value
All 1.054 0.837, 1.320 0.653 1.075 0.919, 1.259 0.363
Male 1.083 0.868, 1.351 0.477 1.065 0.913, 1.243 0.418
Female 0.974 0.761, 1.247 0.838 1.106 0.933, 1.310 0.243
15-24-year olds 1.141 0.949, 1.374 0.160 1.280 1.105, 1.482 0.001
25-34-year olds 1.150 0.923, 1.434 0.211 1.046 0.900, 1.217 0.552
35-44-year olds 1.068 0.853, 1.337 0.564 1.054 0.899, 1.236 0.514
45-54-year olds 0.982 0.769, 1.255 0.888 1.056 0.894, 1.248 0.516
55-64-year olds 1.039 0.819, 1.318 0.751 1.121 0.949, 1.324 0.178
65+ year olds 1.007 0.803, 1.264 0.946 0.987 0.817, 1.190 0.900
Illegal consumption age (15-20-year olds) 1.159 0.963, 1.394 0.117 1.285 1.104, 1.496 0.001
Legal consumption age (21-24-year olds) 1.116 0.924, 1.348 0.251 1.245 1.073, 1.444 0.004
Non-Hispanic White 1.013 0.813, 1.263 0.902 1.012 0.872,1.173 0.872
Non-Hispanic Black 1.216 0.704, 2.098 0.482 1.259 0.849, 1.868 0.251
Hispanic 0.966 0.633, 1.473 0.873 1.665 1.162, 2.385 0.005

Note: Each model includes percent population veteran, white, male, unemployed, 18-34 years old, married, living in a metropolitan statistical area, past year
marijuana use 12 years and older, proportion of household firearm ownership, and a mental health parity score. Each model also includes state and year fixed effects,
standard errors clustered at the state level and a log transformed population exposure to transform counts into incidence rate ratios. P-values significant <0.05.

suicide rate per 100,000 population among adolescents and young
adults.

We used a relatively novel approach that has been previously applied
to the examination of the effect of state policy on suicides (Bartos et al.,
20205 Crifasi et al., 2015) and other public health related outcomes
(Abadie et al., 2010; Donohue et al., 2019). We found evidence that
cannabis legalization may be associated with increased deaths by sui-
cide among those age 15-24 years old in WA. WA experienced a post-
implementation increase in death by suicides among 15-24-year-olds
larger than any other placebo state (Table 1). Similar death by suicide

rate increases post-implementation were seen among 15-20-year-olds
and 21-24-year-olds (Table 1). When we modeled an immediate effect
of the law independent of commercial availability, there were no sig-
nificant relationships between suicide outcomes and cannabis legaliza-
tion which suggests that the commercial availability associated with
legalization is likely the driver of increased suicide rates among young
adults in WA.

Our findings were replicated using standard econometric analysis.
The Poisson models used data from all 50 states to generate treatment
effects of cannabis legalization in CO and WA. However, the synthetic
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control models may produce less biased estimates of cannabis legaliza-
tion as the synthetic control is selected based on covariable weights
during the pre-treatment period. Our analysis of injury deaths of un-
determined intent found only 35-44-year-olds in WA had a significant
increase in mortality. As suicide by drug self-intoxication and other
poisonings can be susceptible to misclassification (Donaldson et al.,
2006), it is notable that trends seen in death by suicide were not borne
out for deaths of undetermined intent.

It is unclear why previous research (Cerdd et al., 2017) and our
current research found similar heterogeneity in policy effects across CO
and WA by age groups. The process of cannabis legalization in CO and
WA were similar; the 2012 election saw cannabis legalization pass ballot
measures with strong support and both states implemented commercial
availability in 2014. Cerda et al. (2017) found an increase in adolescent
use post legalization of cannabis in WA but not CO. Our current findings
indicate a possible relationship between cannabis legalization and death
by suicide among adolescents in WA but not CO. Cerda et al. (2017)
hypothesize, and we agree, that the effect seen in WA, and the lack of
effect seen in CO, may be a function of exposure to medical cannabis
prior to legal cannabis availability. CO had a mature medical cannabis
dispensary system prior to legalization to which youth were exposed
(Davis et al., 2016). WA did not provide legal protection to medical
cannabis dispensaries and therefore the patronage and advertisement
was lower than in CO (Cerda et al., 2017). Our lack of findings in CO
may be a reflection of a more mature commercial market prior to
legalization, and thus a smaller shock in cannabis use among adoles-
cents. Other research found a 36% increase in cannabis use disorders
among 26-year-olds in states post-legalization compared to states did
not legalize cannabis, however we did not find evidence that death by
suicide had increased in either CO or WA for 25-34-year-olds.

The relationship between cannabis, recreational or medical use laws,
and death by suicide is complex and currently unresolved (Anderson
et al., 2014; Borges et al., 2016; Buckner et al., 2017; Grucza et al., 2015;
Leite et al., 2015). Results here indicate a possible relationship between
cannabis legalization and suicide rates among adolescents in WA may be
present. However, it is important to note this study presents associations
and there are myriad of causal pathways that could potentially explain
the found relationship. One possible causal pathway is alcohol con-
sumption as WA privatized alcohol consumption starting in 2012. This
new law increased alcohol availability in WA. Given the strong rela-
tionship between alcohol consumption and suicde, this law may have
increased the risk of suicide as well. A recent evaluation of this policy
suggests it may have had no effect on alcohol consumption habits in the
years since passing (Kerr et al., 2018). The research also found cannabis
users reported consuming less alcohol after the alcohol privatization law
was passed. As laws legalizingcannabis for recreational use and priva-
tizing alcohol sales were passed in the same year in WA, it is possible the
decrease in alcohol consumption by cannabis users is a substitution
affect. More research is needed to understand the relationship between
cannabis legalization and suicides and alcohol

Future studies should include additional years and new legalization
adopters to track the impact of recreational cannabis on death by sui-
cides. Other statistical approaches should be utilized. Additionally, re-
searchers should use emergency department data to examine the
association between these laws and non-fatal suicide attempts to better
understand if these laws influence suicidal behavior.

4.1. Limitations

SCMs provide the best possible counterfactual model to compare
changes in death by suicide post-cannabis legalization in early adopter
states. The methodology is not without limitations. Our SCMs could be
potentially biased if legalization of cannabis had a spillover effect, i.e.,
neighboring states for the early adopters also experienced increases in
cannabis consumption, albeit illegally; if donor states had poor pre-
treatment match on predictor variables; and if the possible donor
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states were selectively constricted (McClelland and Gault, 2017; Powell,
2018). To the spillover effect, there is limited research that suggests
states that did not also legalize cannabis and that neighbor CO and WA
also had large increases in cannabis consumption. Additionally, states
with non-zero synthetic control weights for both CO and WA by-in-large
did not share boarders with these states (Appendix Tables 2 and 3).
Appendix Table 1 shows that, for almost all pre-treatment predictor
variables, the treatment and control states had nearly identical average
mean values. We included all states that have not legalized cannabis up
until 2020, providing a robust potential donor pool. Though, it is likely
that the relative success of CO and WA cannabis legalization caused
national attitudes towards recreational cannabis to become more
favorable. Important to also note is that WA first opened cannabis retail
stores in July of 2014, meaning commercial availability existed for only
6 of the 12 months of 2014. While this could potentially bias our analysis
towards the null, it is important to note that the SCM effect estimates
were averaged over the 5-year post-treatment period, making the impact
of this limitation minimal. When using SCM to estimate social policy
impact, it is important to select a donor pool of states which have not
‘received’ the treatment, or policy, of import so as not to contaminate
your treatment state (Abadie et al., 2010, 2011). However, this may bias
the donor pool of states as late adopters of cannabis legalization may
prove different systematically from CO and WA in terms of culture and
thus merit inclusion.

As with most public policy evaluations, unmeasured or omitted
covariates could confound the significant relationship between cannabis
legalization and death by suicides among 15-24-year olds found in
Washington. Laws typically take long periods of time to pass and it is
unlikely that there is a specific confounder that impacts both death by
suicides and the legalization of cannabis. It is also possible that laws,
such as alcohol privatization in WA, passed at the same time as cannabis
legalization could provide an exogenous shock related to suicides.
Additionally, our standard econometric analysis produced nearly similar
results while controlling for possible omitted variable bias through the
use of state-and-year fixed effects.

5. Conclusions

The findings of this study suggest cannabis legalization may be
associated with increases in deaths by suicides among teens and young
adults. The current understanding of the relationship between cannabis
consumption and suicides, as well as the knowledge that cannabis
consumption increased among adolescents in WA after legalization,
contribute to the plausibility of our findings. States with legalized
cannabis, and states considering similar policy changes, should attempt
to offset any increases in cannabis consumption among teens associated
with legalization with increased access to mental health services.
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