Received: 19 February 2023

Accepted: 25 May 2023

DOI: 10.1111/add.16280

REVIEW

SSA

The impact of cannabis legalization and decriminalization on
acute poisoning: A systematic review

Sara Allaf?

Faculty of Medicine and Health, School of
Pharmacy, The University of Sydney, Sydney,
NSW, Australia

2New South Wales Poisons Information
Centre, The Children’s Hospital at Westmead,
Sydney, NSW, Australia

3Faculty of Medicine and Health, School of
Medical Sciences, Biomedical Informatics and
Digital Health, The University of Sydney,
Sydney, NSW, Australia

Correspondence

Rose Cairns, S303, Pharmacy and Bank
Building A15, The University of Sydney, NSW
2006, Australia.

Email: rose.cairns@sydney.edu.au

Funding information

National Health and Medical Research Council,

Grant/Award Numbers: 1196516, 2007726

| JessyS.Lim?

| Nicholas A. Buckley?®® | Rose Cairns?

Abstract

Background and Aims: Many countries have recently legalized medicinal and recrea-
tional cannabis. With increasing use and access come the potential for harms. We aimed
to examine the effect of cannabis legalization/decriminalization on acute poisoning.
Methods: A systematic review and meta-analysis registered with PROSPERO
(CRD42022323437). We searched Embase, Medline, Scopus and Cochrane Central Reg-
ister of Controlled Trials from inception to March 2022. No restrictions on language, age
or geography were applied. Abstracts from three main clinical toxicology conferences
were hand-searched. Included studies had to report on poisonings before and after
changes in cannabis legislation, including legalization and decriminalization of medicinal
and recreational cannabis. Where possible, relative risk (RR) of poisoning after legaliza-
tion (versus before) was calculated and pooled. Risk of bias was assessed with ROBINS-I.
Results: Of the 1065 articles retrieved, 30 met inclusion criteria (including 10 conference
abstracts). Studies used data from the United States, Canada and Thailand. Studies
examined legalization of medicinal cannabis (n = 14) and decriminalization or legalization
of recreational cannabis (n = 21). Common data sources included poisons centre records
(n = 18) and hospital presentations/admissions (n = 15, individual studies could report
multiple intervention types and multiple data sources). Most studies (n = 19) investigated
paediatric poisoning. Most (n = 24) reported an increase in poisonings; however, the
magnitude varied greatly. Twenty studies were included in quantitative analysis, with
RRs ranging from 0.81 to 29.00. Our pooled estimate indicated an increase in poisoning
after legalization [RR =3.56, 95% confidence interval (Cl) = 2.43-5.20], which was
greater in studies that focused on paediatric patients (RR = 4.31, 95% Cl = 2.30-8.07).
Conclusions: Most studies on the effect of medicinal or recreational cannabis legaliza-
tion/decriminalization on acute poisoning reported a rise in cannabis poisoning after
legalization/decriminalization. Most evidence is from US legalization, despite legalization

and decriminalization in many countries.

KEYWORDS
Cannabidiol, cannabis, decriminalization, legalization, marijuana, poisoning

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2023 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction.

2252 | wileyonlinelibrary.com/journal/add

Addiction. 2023;118:2252-2274.


https://orcid.org/0000-0002-6326-4711
https://orcid.org/0000-0002-8946-5079
mailto:rose.cairns@sydney.edu.au
https://doi.org/10.1111/add.16280
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/add

CANNABIS POISONING SYSTEMATIC REVIEW

INTRODUCTION

Many countries have moved to decriminalize or legalize medical and
recreational use of cannabis in the past three decades [1]. Decriminal-
ization involves removal of criminal consequences for possession of
small quantities of cannabis, while legalization involves removing pen-
alties and allowing for sale and possession of cannabis [2]. In 1996,
California became the first state in the United States (US) to legalize
cannabis for medical use and possession. This was later implemented
in some other states [3]. Currently, medicinal cannabis use is legal in
the District of Colombia and 37 states in the US [3]. From these
37 states, 22 have also legalized recreational cannabis [4]. Access to
medical marijuana became legal in Canada in 1999 [5]. Recreational
use of marijuana has been legal in Canada since 2018 [6]. Luxembourg
has recently legalized recreational cannabis, and cannabidiol (CBD)
products containing low concentrations of tetrahydrocannabinol
(THC) are available in many European countries [7]. In Australia, the
Therapeutic Goods Administration legalized the medical use of canna-
bis and THC in 2016 [8]. Medicinal marijuana was legalized in
Thailand in 2019 [9].

Medicinal cannabis legislation expands treatment options for con-
ditions including refractory epilepsy, while recreational cannabis legis-
lation aims to allow safe use while reducing criminal activity and use
of other drugs including synthetic cannabinoid receptor agonists
(SCRAs). However, these changes can also have negative public health
impacts. For example, recreational cannabis legislation in the US has
been associated with a rise in motor vehicle accidents, alcohol and
opioid abuse [10]. Overall hospitalizations for cannabis and cannabi-
noid hyperemesis syndrome also increased in Colorado after legaliza-
tion [11]. The prevalence of cannabis use has increased in US states
where medicinal cannabis is legal [12].

With increasing use and availability of cannabis in the community
comes the risk of harms, including overdose and poisoning. Cannabis
has a wide safety margin in adults; however, overdose can cause cen-
tral nervous system (CNS) excitation, hallucinations, psychosis, CNS
depression, bradycardia and dysrhythmias [13, 14]. Even when used
as intended, cannabis use increases the risk of acute coronary syn-
drome in the hours following consumption [15]. It is more likely to
cause severe toxicity in children, manifesting as CNS and respiratory
depression, coma, seizures and apnoea [16]. Among the individual
cannabinoids, THC is considered more toxic than CBD; however, CBD
can cause gastrointestinal, neurological and hepatic symptoms.

Increased prevalence of cannabis poisoning has been observed
following legalization [17, 18]. Studies on poisoning typically use data
from poisons centres. Poisons centre exposure calls can be triggered
for a variety of reasons, including paediatric exposures (e.g. a child
accessing edible marijuana products), a person experiencing signs/
symptoms of toxicity following therapeutic or recreational use, dosing
errors with medicinal marijuana and as an agent in deliberate self-
harm overdoses. Poisons centre coding of substances involved in
exposures is typically extremely accurate, as it is coded by the poisons
specialist handling the call. However, poisons centres underestimate

the rates of exposures, as calls are voluntary. Other studies use
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hospital presentation or admission data, with reasons for presentation
likely to be similar to reasons for calling a poisons centre. There are
limitations in how well hospital data collects specific substances
involved in poisonings, particularly with recreational drugs [19]. A
previous study identified a 34% increase in poison centre calls for
cannabis exposure per year following legalization in Colorado [20].
Similarly, emergency department presentations due to cannabis toxic-
ity increased from 1.2 to 2.3 per 100 000 population after legalizing
recreational cannabis [20].

We conducted a systematic review to investigate the effect of
changing cannabis legalization and decriminalization on poisoning.
Specifically, we aimed to evaluate the effect of the legalization of
medicinal cannabis, and legalization or decriminalization of recrea-

tional cannabis, on acute poisoning with cannabis and cannabinoids.

METHODS
Search strategy and data sources

We searched Embase (11 March 2022), Medline, Scopus and
Cochrane Central Register of Controlled Trials (CENTRAL) (14 March
2022) without language restrictions from inception until March 2022.
Our search strategy focused on three main concepts: cannabinoids,
legalization/decriminalization (intervention) and poisonings (outcome).
The full search strategy is available in Supporting Information. We
performed forwards and backwards citation chaining of included
papers to search for additional relevant papers, with the final citation
chaining completed in August 2022. We examined grey literature by
hand-searching conference abstracts from the annual conferences of
the three main international clinical toxicology societies: Asia Pacific
Association of Medical Toxicology (APAMT), the European Associa-
tion of Poisons Centres and Clinical Toxicologists (EAPCCT) and the
American Academy of Clinical Toxicology (AACT) for the past 5 years.
This review was registered with PROSPERO (CRD42022323437); a
brief protocol is accessible on the PROSPERO website. One amend-
ment has been made to the pre-registered protocol: we removed
SCRAs from the inclusion criteria, as they are not subject to similar

legislative changes as cannabis, THC and CBD.

Inclusion and exclusion criteria

We included studies that investigated the changes in cannabinoid poi-
soning/exposure frequency or rates following cannabis legalization/
decriminalization. Cohort studies, observational studies, repeated
cross-sectional and interrupted time-series (ITS) studies with pre-and
post-intervention data sets were included. We focused on acute poi-
soning, and included studies that reported acute psychosis and acute
cardiovascular events. There were no restrictions on age.

We excluded studies that reported on trends in SCRAs only, ani-
mal poisoning, chronic psychotic illness, hyperemesis syndrome,

chronic cardiovascular disease, cancer and in-utero exposures/
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developmental toxicity. Studies that discussed the legalization of can-
nabis but did not report trends in cannabinoid poisoning and those
that reported change in cannabinoid poisoning without cannabinoid

legalization/decriminalization were excluded.

Selection of studies

We exported studies into Covidence software (Veritas Health Innova-
tion, Melbourne, Australia) and removed duplicates. Two authors (S.A.
and J.L.) independently screened the titles and abstracts for eligibility,
and irrelevant articles were removed. Conflicts were discussed with a
third author (R.C.). Articles that passed the title and abstract screening
were reviewed for inclusion criteria by full-text screening by two inde-
pendent authors. A third author (R.C.) resolved conflicts between

reviewers.

Data extraction

Data extraction was performed by two independent authors (S.A. and
J.L.) with a structured data collection form. Data extracted included
study geographic location, population characteristics, study design,
time-period examined, year and details of the intervention, data
sources, type of cannabinoid poisoning (CBD, THC, both), trends in
cannabinoid poisoning (poisoning cases/incidence before and after
the intervention), median age, clinical effects, clinical outcomes and

any other impacts of the legalization or decriminalization.

Synthesis methods

Studies were stratified according to intervention type (decriminaliza-
tion versus legalization; medicinal versus recreational use), study pop-
ulation (children/adolescents versus adults), data source (poisons
centre versus hospital records) and literature type (grey literature ver-
sus peer-reviewed original research). Studies were eligible for quanti-
tative synthesis if they provided raw counts or population rates. Raw
counts were converted to population rates using publicly available
population data. Relative risk (RR) was calculated as the rate of canna-
bis poisoning after the legalization/decriminalization divided by the
rate of cannabis poisoning before the legalization/decriminalization.
We calculated RR, confidence intervals (Cls) and heterogeneity (1?) in
Microsoft Excel using the MetaXL tool version 5.3 (www.epigear.
com), using the random effects model.

We performed subgroup analysis based on characteristics of
studies that we hypothesized may impact on estimates and contribute
to heterogeneity. We examined legislation relating to medicinal use
versus recreational use, as recreational legislation may result in more
widespread use and therefore poisonings. We compared age groups
(paediatric versus all ages), as children are at most risk of severe poi-
soning from cannabinoids. We stratified by data source (poisons cen-

tre versus hospital presentations/admissions data), as hospital data

are likely to represent a more severe subset of exposures. We also
looked for differences by study type comparing the more robust peer-
reviewed literature with grey literature (conference abstracts). Where
possible, we also performed stratification analysis, e.g. where one
paper included data from poisons centre and hospital events, these
‘substudies’ were stratified accordingly.

GraphPad Prism 9.4 (GraphPad Software, San Diego, CA, USA)

was used for data visualization.

Risk of bias

Two authors (S.A. and J.L.) assessed each study for quality and poten-
tial bias using the ROBINS-I (risk of bias in non-randomized studies of
interventions) tool [21]. For the ‘risk of bias due to confounding’
domain, simple pre-post studies were classified as high risk of bias.
Studies that presented simple pre-post data with some quantification
of pre-intervention trends were classified as moderate risk. Studies
employing interrupted time-series analysis, difference-in-difference
analysis or comparison with a control (e.g. a state/province without
legalization) were classified as low risk. The detailed outcomes of the

assessment tool are summarized in Supporting information, Table S1.

RESULTS

After database searches, 1299 studies were retrieved and 239 dupli-
cates were removed. Nine additional studies were identified through
citation chaining and hand-searching conference abstracts. Title and
abstract screening was performed on 1065 studies; 1017 irrelevant
studies were excluded. Of the 52 studies reviewed by the full text,
30 met the inclusion criteria [16, 17, 20, 22-48]. Of these studies,
10 were conference abstracts [24, 25, 28, 31, 35-37, 43-45]. Twenty
studies had sufficient data for quantitative synthesis [see Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
flow-chart, Figure 1].

Study characteristics

The included studies examined the effect of interventions on poison-
ing exposures in the US (n=23) [17, 22, 23, 25-33, 35, 45, 44],
Canada (n = 6) [16, 34, 36, 41, 47, 48] and Thailand (n = 1) [24]. No
studies were found from Oceania, South America, Africa or Europe.
Interventions included recreational cannabis decriminalization/
legalization (n = 15) [16, 20, 32-41, 43, 47, 48], medicinal cannabis
legalization (n = 7) [17, 22-27], medicinal and recreational cannabis
legalization (n = 6) [29-31, 42, 45, 46] and CBD down-scheduling
from US Schedule | to Schedule V (n=1) [28]. One study did not
specify type of legalization [44]. The details of the included studies
are listed in Table 1.

Most studies investigated poisonings and exposures in children

and adolescents (n = 19) [16, 17, 20, 22, 23, 25-27, 29, 36, 38-43,


http://www.epigear.com
http://www.epigear.com

CANNABIS POISONING SYSTEMATIC REVIEW

SSA 2255

= Records identified through database 7 Additional records identified through
-2 searching other sources *

S (n=1299) n=9)
g
: 1 1

= Records after duplicates removed

(n=1069)

- I
g Records screened Records excluded

(5 (n=1069) (title and abstract)

A l (m=1017)

Full text studies assessed for eligibility Full text studies excluded with reason

2 n=52) (n=22)

= Toxicity data not reported post-
:'ED legalisation (n=7)

23) Secondary research (2 = 6)

Studies included in qualitative synthesis Toxicity datanot reported before and
(n=30) after legalisation

= @=5)

3 Limited toxicity data on pre-
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FIGURE 1 Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) diagram of study selection. *Additional sources

include grey literature and citation chaining.

45, 47, 48]. More than half of the studies obtained data from poison
centre calls (n = 18) [20, 22-24, 26-28, 30, 31, 33, 35, 37, 39, 40, 43-
46] and 15 studies [16, 17, 20, 25, 29, 32, 34, 36, 38, 40-42, 46-48]
used hospital admissions/emergency department data (some used
both data source types). The post-intervention time-period examined
in these studies ranged from 4 months [24] to 7 years [42].

Medicinal cannabis legalization

Medical cannabis legalization was investigated in 13 studies from the
US (including Massachusetts, Colorado, Pennsylvania and Delaware)
and one from Thailand [17, 22-31, 42, 45, 46]. Most reported an
increase in cannabis exposures or intoxications following legalization
[17, 22, 23, 25-27, 30, 42, 45, 46]. CBD down-scheduling was associ-
ated with increased poisons centre calls for CBD exposure [28].

Recreational cannabis legalization and
decriminalization

Twenty-one studies examined recreational cannabis legalization/
decriminalization in Canada and the US (including Colorado, Michigan,
Washington, Massachusetts, Delaware and District of Colombia) [16,
20, 29-43, 45-48]. Four studies were negative overall, but reported
increases in poisoning in subgroup analysis [16, 33, 34, 41]. Eleven
studies reported an increase in poison centre calls due to cannabis
exposure [20, 30, 31, 33, 35, 37, 39, 40, 43, 45, 46]. Fourteen studies

reported an increase in emergency department or hospital admissions
for unintentional cannabis exposure in paediatrics, adolescents or
young adults [16, 20, 25, 29, 30, 32, 34, 36, 38,40-42, 46-48].

Canadian recreational cannabis legalization has occurred in sev-
eral stages and legalization of edibles has differed by province. Sale of
dried cannabis flower and oils for non-medical use has been legal
since October 2018, implemented by all provinces. Edible products
(e.g. gummies) were legalized in October 2019 but each province
could choose whether they approved sales of edibles. Alberta, British
Columbia and Ontario approved sales of edibles in January 2020 [16,
34, 41]. We found three studies from Canada reporting on the legali-
zation of flower-based products and oils [16, 34, 41]. Studies focusing
on the 2018 legislation found no statistically significant increase in
overall cannabis-related poisoning, but reported some increases for
young adults [34] and paediatric exposures [41]. However, Cohen
et al. found increased severity of symptoms, with higher rates of criti-
cal care unit admission, respiratory involvement and altered mental
status after 2018 legalization [16].

Canadian studies on legislation affecting edibles showed differ-
ent results. A repeat cross-sectional study comparing both phases of
legalization in Ontario, Canada found a significant increase in paedi-
atric ED visits and hospitalizations, particularly following the intro-
duction of edibles [47]. In addition, a recent study compared
Canadian provinces, where edibles are legal, to a control province
which allows recreational marijuana but not edibles (Quebec). Prov-
inces where edibles are legal had much higher rates of hospital
admissions for paediatric cannabis exposures compared to the con-

trol province [48].
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Bennet et al. also compared states by legalization status in the US
and found no differences when comparing states with legalized recre-
ational marijuana to states with legalized medicinal marijuana as well
as states without legalization [29]. However, there was a 13-fold
increase in total marijuana-related hospital presentations in children
from 2004 to 2018 in the 27 states analyzed [29].

Only two studies specifically examined the effect of decriminal-
ization of recreational cannabis (as opposed to legalization) [39, 45].
Thomas et al. reported the effect of decriminalization of recreational
cannabis in Washington in 2012 and the subsequent legalization
and opening of dispensaries in 2014. This study reported an
increase in paediatric exposures to marijuana following both
events [39]. Dewey et al. examined the effect of medicinal cannabis
legalization (2016) in Pennsylvania and the decriminalization of rec-
reational cannabis (2015) in Delaware. However, Delaware cases
were not reported separately, so differences between these inter-
ventions cannot be specifically evaluated [45].

Shi & Liang examined recreational cannabis legalization and
commercialization separately, using a quasi-experimental design
states [33].

observe a significant increase when all exposures were included;

with control Following legalization, they did not
however, there was a significant increase in unintentional expo-
sures [33]. Recreational cannabis commercialization resulted in a
significant and consistent increase in poisons centre exposures [33].
This study included dried plant cannabis only (i.e. no edibles or

concentrates), which may account for the lack of increase observed

overall poisonings [33]. Indeed, other studies have indicated that
increases in recent years are not being driven by smokeable

marijuana [30].

Quantitative synthesis

Twenty studies were suitable for quantitative synthesis, six studies of
all ages [24, 28, 30, 35, 37, 46], one of adults [34] and the remainder
focusing on the paediatric population [16, 17, 20, 22, 25, 27, 39-43,
47, 48]. Due to partial data overlap results from the following studies
were pooled: Wang 2017 [46] and Wang 2020 [30]; Wang 2016 [20]
and Wang 2019 [40]; and Wang 2012 [25] and Wang 2013 [17]. One
study used data from Thailand, five used Canadian data and the
remainder were from the US. The rates of cannabis poisoning gener-
ally increased after interventions with a pooled RR estimate of 3.56
(95% Cl =2.43-5.20, random-effects model, Figure 2). However,
results from legalizing/decriminalizing medicinal or recreational canna-
bis were highly heterogeneous (I1? = 97%). The RR varied greatly, from
0.81 to 29.00 [16, 17]. There was one negative study, one where the
95% CI crossed one, the remainder had RR above one, and 95% CI
not crossing one. We conducted several subgroup analyses, and RR
increased after the interventions for all the study subgroups we
explored (Table 2). RR appeared to be lower for studies that only used
data (RR=3.42, 95% Cl=1.60-7.31) and studies that
all ages (RR =263, 95% Cl=1.78-3.88), and higher for

hospital
included

RR (95% CI)

Leubitz, 2021
Wang, 2018,
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Wang, 2017 & 2020
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5.22 (2.56, 10.65)
2.38 (1.54, 3.67)
293 (2.38,3.61)
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FIGURE 2 Forest plot displaying
the relative risk (RR) of cannabis
poisoning following the intervention
from all studies where raw numbers
were available for quantitative
synthesis. A random effects model
was used. RRs have been plotted on a
logarithmic (base 10) scale. Studies
have been ordered by duration of
time between the main intervention
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TABLE 2 Relative risk (RR) of cannabis poisoning following legalization by subgroups.

Subgroup analysis Studies (n) RR of cannabis poisoning (95% Cl) I? value
Data source
Poison centre 10 3.61(2.74-4.74) 84%
Hospital 8 3.42(1.60-7.31) 98%
Age group
All ages 6 2.63(1.78-3.88) 93%
Paediatric 12 4.31 (2.30-8.07) 97%
Type of legalization
Medicinal use 4 3.67 (2.36-5.71) 72%
Recreational use 14 3.49 (2.22-5.48) 97%
Study type
Grey literature 4 3.46 (2.30-5.21) 84%
Peer-reviewed publications 14 3.56 (2.19-5.80) 97%

Abbreviation: Cl, confidence interval.

FIGURE 3 Heat-map displaying
the percentages of clinical effects of
cannabis exposures. Unless otherwise
indicated, studies were of the
paediatric population. Cells shaded
grey indicate the study did not report
that parameter. ?Study focused on all
ages; *study only examined
cannabidiol exposures.

Respiratory depression—{ 1.0 | 0.7 | 71 | 1.0 | 6.0 | 2.0 | 140

those focused on paediatrics (RR = 4.31, 95% Cl = 2.30-8.07). Studies
that focused on the medical use of cannabis reported a higher RR and
were less heterogeneous (RR = 3.67, 95% Cl = 2.36-5.71, 1% = 72%)
than those that included the recreational use of cannabis (RR = 3.49,
95% Cl = 2.22-5.48, 1% = 97%).

Clinical effects, outcomes and disposition

Reported clinical effects of the poisonings were described by many
studies, including lethargy, drowsiness, dizziness, hypertension, palpi-
tations, tachycardia, nausea, vomiting, irritability, agitation, coma and
CNS depression (Supporting information, Table S2). CNS depression
was most commonly reported in children (Figure 3). There was a total
of 72 reports of coma from all studies; however, there may be some
overlap between data sources used. The majority of paediatric expo-
sures were managed in a health-care facility (range = 55-100%),
intensive care unit (ICU) admissions were also common (Figure 4).
‘Minor effect” and ‘moderate effect” were the most frequently
reported outcomes in children (Figure 5). Studies that reported on all

age groups reported more patients as asymptomatic (‘no effect’) than
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those focusing on children. One death was reported after legalization
of recreational marijuana in Colorado (Wang 2016 and Wang 2020
appear to report the same paediatric case, Supporting information,
Table S2) [20, 30].

Quality assessment

We assessed the quality of each study using the ROBINS-I tool
(Supporting information, Table S1). Most studies received a score of
low to medium risk of bias. Main sources of bias were not account-
ing for time-varying confounders (also displayed in Table 1), missing
data, lack of detail about the intervention and imprecision in the
intervention time (e.g. in the US where legislation varies across
states and time). Almost half (n = 14) the studies simply presented
pre- and post-intervention counts/rates, without accounting for
broader trends [17, 24, 25, 27, 28, 34-36, 38-40, 42, 44, 45], and
some presented some quantification of pre-intervention trends [16,
30, 31, 37, 43]. Only a few stronger quasi-experimental study
designs were used, including an interrupted time-series analysis [41],
a repeat cross-sectional study with

segmented regression
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FIGURE 4 Heat-map displaying the percentages of people managed at a health-care facility, admitted, and admitted to critical care/intensive
care. Studies only reporting on hospitalized patients are indicated with the square bracket. Unless otherwise indicated, studies were of the
paediatric population. Cells shaded grey indicate the study did not report that parameter. 2Study focused on all ages; *study of adolescents only;

*study only examined cannabidiol exposures.
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analysis [48] and quasi-experimental difference-in-differences design,
with comparison to control states [29, 33]. Several studies adjusted
for confounding by using control states/provinces where cannabis
laws were unchanged or compared to overall national trends [20,
22, 23, 26, 32, 40, 47]. Two studies using a more robust approach
were negative overall (but showed significant increases for some
subgroups) [33, 41].

DISCUSSION

This systematic review found that cannabis legislation or decriminal-
ization was associated with an increased incidence of cannabis poison-
ing. The probable explanation is that the legislation increased use
which also increases poisoning. The modification of cannabis laws
could increase perceived acceptability of cannabis use in the commu-
nity, increasing use and dependence [49]. Increased medical and non-
medical use can increase the risk of poisoning due to availability and

access. Increased use and availability of edibles appears to be an
important driver of the increase in poisonings, particularly in the pae-
diatric population. Despite legalization and decriminalization in many
other countries, the vast majority of evidence was from the US and
Canada.

Most studies included in this review reported increases in poison-
ing exposures following legalization/decriminalization of either medic-
inal or recreational cannabis. Studies which did not report a
statistically significant change for the primary outcome of overall poi-
soning often found increases among subgroups, e.g. children [34, 41]
or ICU admissions [16]. The three studies in Canada which reported
no significant change in cannabis exposure after recreational cannabis
legalization were in the earlier phase of legalization, where flower
products were legalized before edibles [16, 34, 41]. There was also an
additional lag between legalization of edibles and their commercial
availability for purchase [41]. Changes in paediatric poisonings due to
edibles have probably not yet been covered in these study periods.
The only study with sufficient data post-edible availability showed a
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significant increase in paediatric hospital presentations and admis-
sions [48]. More long-term studies are needed to continue to monitor
the impacts of recreational cannabis legalization in Canada, especially
considering that most unintentional paediatric poisonings are due to
edibles [27]. Bennet et al. reported similar incidence rate ratios for US
states with different legalization statuses for marijuana (recreational
versus medicinal versus non-legalized) [29]. However, these compari-
sons may be confounded by people purchasing marijuana from neigh-
bouring states with more liberal laws [29].

In contrast to North America, Uruguay’s recreational cannabis
legalization is heavily controlled by the government. Uruguay has a
mandatory registry and sets a limit to grams of cannabis used by each
individual [50]. They do not allow advertising, selling to tourists or edi-
bles [50]. The different legalization models would be expected to have
a different impact on outcomes. However, we could not find any stud-
ies assessing the impact of the Uruguayan model on poisonings.

The assumption that increased poisonings are a result of
increased use requires examination of the impact of legislation on
overall use patterns. Cannabis use in the last year increased 70% in
Canada post-legalization [51], with a particularly large increase in use
of edibles following legalization of their retail sale [52]. In the US,
Cerdd and colleagues examined the impact of recreational cannabis
legalization on use [53]. Adjusting for trends observed in control
states, they found that cannabis use did not increase in adolescents
and young adults following legalization of recreational cannabis. How-
ever, frequent use increased in adults. Similar results were observed
following medicinal marijuana legalization [54]. Increasing use in older
adults could increase poisoning across all age groups by increasing
availability in households. A comparison of prevalent use in states
where cannabis is legal versus illegal shows higher rates of use in legal
states, particularly with edibles [52]. Taken together, this indicates
that patterns of use are influenced by legalization, although it can be
difficult to separate this effect from baseline trends. This underscores
the importance of accounting for time-varying confounding (discussed
further in ‘Strengths and limitations’, below).

Cannabis exposures in children are of particular concern, as they
have the potential for severe toxicity, including coma, neurological
and cardiovascular effects. While exact circumstances surrounding
exposures was not the focus of this review, adverse reactions or dos-
ing errors with medicinal cannabis products used in children were
rare [27]. In support of this, one paediatric study found low (< 10)
counts of diagnoses of conditions for which medical cannabis is com-
monly used (e.g. epilepsy, cancer) [40]. Rather, exposures in young
children tend to be unintentional exposures to cannabis products
owned by parents, older siblings or care-givers [27]. These findings
are potentially due to the significant rise in the availability of edible
products such as cookies, gummies and brownies, which are attractive
to children [49, 55]. Harm minimization approaches need to be
applied, including the sale of edible cannabis products in child-
resistant containers, opaque packaging and enhancing parents’ aware-
ness of the risk of edible marijuana for children [56]. The increase in
paediatric cannabis exposures may also be driven by increasing recre-

ational use of cannabis among older children and adolescents [27].
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We found that data on the impact of cannabis decriminalization
are lacking, with most studies focusing on legalization. Decriminaliza-
tion was often followed by legalization, and studies tended to investi-
gate the effect of legalization together with decriminalization [39].
Publication bias is another potential reason for the limited data on
decriminalization (which would have been expected to have much less
of an impact on use and misuse). There may be some unpublished
studies that did not report a significant change in poisoning after the
decriminalization [57].

A minority of studies reported other impacts of the intervention
in addition to poisoning. Data on the co-ingestion of other substances
conflicted between studies [32, 41]. One study reported an increase
in alcohol intake after cannabis legislation [32]. A prior study reported
that cannabis use is significantly associated with a rise in the ingestion
of alcohol [58]. In contrast, one study reported a decrease in cocaine,
alcohol and opioid consumption in adolescents [41]. Reduced con-
sumption of opioids is consistent with a previous systematic review,
which reported that the legalization of medical cannabis led to a
decrease in prescription opioids dispensing [59]. That research found
a decrease in opioid overdose mortality by 21% in states with medici-
nal cannabis laws, 1999-2010 [59]. However, this result was not rep-
licated when extended to 2017, with a 23% increase in opioid
mortality seen [60].

SCRAs are more dangerous than naturally occurring cannabinoids,
with a different pharmacological profile including psychostimulant-like
properties [61]. These products are widely used in the community and
present a law enforcement challenge [62]. Most users prefer natural
cannabis to SCRAs and cite perceived legality and the fact that SCRAs
are not detectable on routine drug screening as reasons for use [63,
64]. One potential impact of the legalization of recreational cannabis
is a reduction in harm from SCRAs. A study has shown a reduction in
SCRA exposures following medical and recreational cannabis legaliza-

tion [65]. Further research is needed in this area.

Strengths and limitations

This study had several strengths. A comprehensive search strategy
was used, with no language restrictions. Grey literature conference
abstracts were also included, which provided more data. Screening
and data extraction was performed by two independent authors, with
conflicts resolved by discussion with a third author, reducing the risk
of bias in the selection of studies.

Despite these strengths, this review had some limitations. We
focused on acute poisoning, and do not report on harms from longer-
term exposure such as hyperemesis syndrome, chronic psychosis and
chronic cardiovascular illness. Hyperemesis syndrome can be severe
and life-threatening, and thus we may be underestimating harms from
subacute toxicity by excluding this. In addition, there was often a
delay between law enactment and implementation of the intervention
in the community, including the opening of cannabis dispensaries [32,
42]. This lag can influence the interpretation of any changes in health

outcomes or limit the findings from studies with a short post-
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intervention period. Our quantitative analysis is limited by the high
heterogeneity observed, which was able to be slightly reduced by sub-
group analysis. We examined exposures to cannabis, as well as THC
and CBD specifically. However, we found no studies that specifically
evaluated different isomers (i.e. delta-9-THC versus the newly emerg-
ing delta-8-THC and delta-10-THC) [66].

The main quality issue of the identified studies was high risk of
bias due to time-varying confounding. Many studies simply presented
pre- and post-intervention counts/rates, rather than using more
robust quasi-experimental designs. Increases observed by those stud-
ies could be simply a result of longer-term trends. This limitation also
applies to our quantitative synthesis. Other factors, besides legaliza-
tion, could influence trends in adult cannabis use, which are not
accounted for with a simple pre-post study design. This includes
changing community attitudes to cannabis use (reductions in percep-
tions of risk since 2000) [67] and the increasing potency of the illicit
cannabis supply [68]. However, the fact that increases seem to be
more influenced by the availability of edible forms of cannabis sup-
ports the conclusion that the potency of flower/plant products is not
a major driver of the increase. Future studies should employ robust
methods, including difference-in-difference analysis, interrupted time-
series analysis and/or use of control jurisdictions to increase confi-

dence in findings.

CONCLUSION

Medicinal or recreational cannabis legalization is associated with
increased cannabis poisoning in adults, adolescents and children. How-
ever, there was much unexplained heterogeneity in the outcomes mea-
sured. The majority of evidence is from North America, although
medicinal cannabis is legal in many other countries, and recreational can-
nabis in some countries [2-8]. It is important that public health agencies
consider applying harm minimization approaches to limit the impact of
cannabis legislation on acute poisonings, especially as legalization or
recreational cannabis continues to be debated. With changing atti-
tudes and perception of risk, there is a need for greater public aware-

ness of the risks of cannabis poisoning, particularly to young people.

AUTHOR CONTRIBUTIONS

Sara Allaf: Data curation (lead); formal analysis (lead); writing—original
draft (lead). Jessy Sheiway Lim: Data curation (supporting); formal anal-
ysis (supporting); writing—review and editing (supporting). Nicholas A
Buckley: Conceptualization (equal); formal analysis (supporting); meth-
odology (equal); supervision (supporting); visualization (equal); writing—
review and editing (supporting). Rose Cairns: Conceptualization (equal);
formal analysis (supporting); writing—review and editing (lead); supervi-

sion (lead); methodology (equal); visualization (equal).

ACKNOWLEDGEMENTS

We thank Jessica Hughes (academic librarian, The University of Syd-
ney) for helping in the design of the search strategy. RC is supported
by a National Health and Medical Research Council (NHMRC)

Investigator Grant (ID: 1196516), NB is supported by a NHMRC
Investigator Grant (ID: 2007726). Open access publishing facilitated
by The University of Sydney, as part of the Wiley - The University
of Sydney agreement via the Council of Australian University

Librarians.

DECLARATION OF INTERESTS

None to declare.

DATA AVAILABILITY STATEMENT
These data were derived from the referenced studies available in the

public domain.

ORCID
Nicholas A. Buckley = https://orcid.org/0000-0002-6326-4711

Rose Cairns "2 https://orcid.org/0000-0002-8946-5079

REFERENCES

1. Manthey J, Freeman TP, Kilian C, Lépez-Pelayo H, Rehm J. Public
health monitoring of cannabis use in Europe: prevalence of use, can-
nabis potency, and treatment rates. Lancet Reg Health Eur. 2021;10:
100227.

2. Plunk AD, Peglow SL, Harrell PT, Grucza RA. Youth and adult arrests
for cannabis possession after decriminalization and legalization of
cannabis. JAMA Pediatr. 2019;173:763-9.

3. ProCon.org. State-by-State Medical Marijuana Laws. 2022. Last
updated: 11 September 2022. Available at: https://medicalmarijuana.
procon.org/legal-medical-marijuana-states-and-dc/# (accessed 15
February 2023).

4. ProCon.org. State-by-State Recreational Marijuana Laws. 2022. Last
updated: 11 September 2022. Available at: https://marijuana.procon.
org/legal-recreational-marijuana-states-and-dc/ (accessed 15 Febru-
ary 2023).

5. Government of Canada. Understanding the New Access to
Cannabis for Medical Purposes Regulations. 2016. Last updated:
30 September 2016. Available at: https://www.canada.ca/en/health-
canada/services/publications/drugs-health-products/understanding-
new-access-to-cannabis-for-medical-purposes-regulations.html
(accessed 15 February 2023).

6. Government of Canada. Cannabis Legalization and Regulation: 2021.
Last updated: 7 July 2021. Available at: https://www.justice.gc.ca/
eng/cj-jp/cannabis/ (accessed 15 February 2023).

7. Manthey J. Cannabis use in Europe: current trends and public health
concerns. Int J Drug Policy. 2019;68:93-96.

8. Therapeutic Goods Administration. Final decision on scheduling
of cannabis and tetrahydrocannabinols: frequently asked ques-
tions. 2016. Last updated: 31 August 2016. Available at: https://
www.tga.gov.au/news/news/final-decision-scheduling-cannabis-
and-tetrahydrocannabinols-frequently-asked-questions (accessed 15
February 2023).

9. Areesantichai C, Perngparn U, Pilley C. Current cannabis-related situa-
tion in the Asia-Pacific region. Curr Opin Psychiatry. 2020;33:352-9.

10. Hall W, Lynskey M. Assessing the public health impacts of legalizing
recreational cannabis use: the US experience. World Psychiatry.
2020;19:179-86.

11. Bhandari S, Jha P, Lisdahl KM, Hillard CJ, Venkatesan T. Recent
trends in cyclic vomiting syndrome-associated hospitalisations with
liberalisation of cannabis use in the state of Colorado. Intern Med J.
2019;49:649-55.

12. Hasin DS. US epidemiology of cannabis use and associated problems.
Neuropsychopharmacology. 2018;43:195-212.


https://orcid.org/0000-0002-6326-4711
https://orcid.org/0000-0002-6326-4711
https://orcid.org/0000-0002-8946-5079
https://orcid.org/0000-0002-8946-5079
https://medicalmarijuana.procon.org/legal-medical-marijuana-states-and-dc/%23
https://medicalmarijuana.procon.org/legal-medical-marijuana-states-and-dc/%23
https://marijuana.procon.org/legal-recreational-marijuana-states-and-dc/
https://marijuana.procon.org/legal-recreational-marijuana-states-and-dc/
https://www.canada.ca/en/health-canada/services/publications/drugs-health-products/understanding-new-access-to-cannabis-for-medical-purposes-regulations.html
https://www.canada.ca/en/health-canada/services/publications/drugs-health-products/understanding-new-access-to-cannabis-for-medical-purposes-regulations.html
https://www.canada.ca/en/health-canada/services/publications/drugs-health-products/understanding-new-access-to-cannabis-for-medical-purposes-regulations.html
https://www.justice.gc.ca/eng/cj-jp/cannabis/
https://www.justice.gc.ca/eng/cj-jp/cannabis/
https://www.tga.gov.au/news/news/final-decision-scheduling-cannabis-and-tetrahydrocannabinols-frequently-asked-questions
https://www.tga.gov.au/news/news/final-decision-scheduling-cannabis-and-tetrahydrocannabinols-frequently-asked-questions
https://www.tga.gov.au/news/news/final-decision-scheduling-cannabis-and-tetrahydrocannabinols-frequently-asked-questions

CANNABIS POISONING SYSTEMATIC REVIEW

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Hendrickson RG, McKeown NJ, Kusin SG, Lopez AM. Acute cannabis
toxicity in older adults. Toxicol Commun. 2020;4:67-70.

Noble MJ, Hedberg K, Hendrickson RG. Acute cannabis toxicity. Clin
Toxicol. 2019;57:735-42.

Richards JR, Bing ML, Moulin AK, Elder JW, Rominski RT,
Summers PJ, et al. Cannabis use and acute coronary syndrome. Clin
Toxicol. 2019;57:831-41.

Cohen N, Galvis Blanco L, Davis A, Kahane A, Mathew M, Schuh S,
et al. Paediatric cannabis intoxication trends in the pre and post-
legalization era. Clin Toxicol. 2022;60:53-58.

Wang GS, Roosevelt G, Heard K. Paediatric marijuana exposures in a
medical marijuana state. JAMA Pediatr. 2013;167:630-3.

Huestis MA, Solimini R, Pichini S, Pacifici R, Carlier J, Busardo FP.
Cannabidiol adverse effects and toxicity. Curr Neuropharmacol.
2019;17:974-89.

Wood DM, Conran P, Dargan PI. ICD-10 coding: poor identification
of recreational drug presentations to a large emergency department.
Emerg Med J. 2011;28:387-9.

Wang GS, Le Lait MC, Deakyne SJ, Bronstein AC, Bajaj L,
Roosevelt G. Unintentional paediatric exposures to marijuana in Col-
orado, 2009-2015. JAMA Pediatr. 2016;170:e160971.

Sterne JA, Herndn MA, Reeves BC, Savovi¢ J, Berkman ND,
Viswanathan M, et al. ROBINS-I: a tool for assessing risk of bias in
non-randomised studies of interventions. BMJ. 2016;355:i4919.
Leubitz A, Spiller HA, Jolliff H, Casavant M. Prevalence and clinical
characteristics of unintentional ingestion of marijuana in children
younger than 6 years in states with and without legalized marijuana
laws. Pediatr Emerg Care. 2021;37:E969-E973.

Onders B, Casavant MJ, Spiller HA, Chounthirath T, Smith GA. Mari-
juana exposure among children younger than six years in the
United States. Clin Pediatr. 2016;55:428-36.

Srisuma S, Rittilert P, Pradoo A. Medical marijuana legalization and
increased trend of cannabis poisonings in Thailand. Clin Toxicol.
2020;58:306-7.

Wang GS, Heard K. Paediatric marijuana exposures in medical mari-
juana legal state. Clin Toxicol. 2012;50:679.

Wang GS, Roosevelt G, Le Lait M-C, Martinez EM, Bucher-
Bartelson B, Bronstein AC, et al. Association of unintentional paedi-
atric exposures with decriminalization of marijuana in the
United States. Ann Emerg Med. 2014;63:684-9.

Whitehill JM, Harrington C, Lang CJ, Chary M, Bhutta WA,
Burns MM. Incidence of pediatric cannabis exposure among
children and teenagers aged O to 19 years before and after medical
marijuana legalization in Massachusetts. JAMA Netw Open. 2019;2:
€199456.

Hinojosa M, Layton G, Varney SM, Forrester MB. Cannabidiol expo-
sures reported to a statewide poison center network 2000-2018.
Clin Toxicol. 2019;57:898-9.

Bennett CE, Venkataramani A, Henretig FM, Faerber J, Song L,
Wood JN. Recent trends in marijuana-related hospital encounters in
young children. Acad Pediatr. 2021;22:592-7.

Wang GS, Baneriji S, Contreras AE, Hall KE. Marijuana exposures in
Colorado, reported to regional poison centre, 2000-2018. Inj Prev.
2020;26:184-6.

Beauchamp G, Hendrickson RG, Horowitz BZ, Spyker DA. Impact of
legislation legalizing recreational marijuana sales on cannabis expo-
sure calls to poison centers 2008-2017. Clin Toxicol. 2018;56:
19-20.

Delling FN, Vittinghoff E, Dewland TA, Pletcher MJ, Olgin JE, Nah G,
et al. Does cannabis legalisation change healthcare utilisation? A
population-based study using the healthcare cost and utilisation pro-
ject in Colorado, USA. BMJ Open. 2019;9:e027432.

Shi Y, Liang D. The association between recreational cannabis com-
mercialization and cannabis exposures reported to the US National
Poison Data System. Addiction. 2020;115:1890-9.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

S S A 2273

Baraniecki R, Panchal P, Malhotra DD, Aliferis A, Zia Z. Acute canna-
bis intoxication in the emergency department: the effect of legaliza-
tion. BMC Emerg Med. 2021;21:32.

Chary M, Overbeek D, Burns MM. Dynamics of cannabis exposure
after legalization of marijuana for recreational usage. J Med Toxicol.
2021;17:120.

Coret A, Rowan-Legg A. Accidental ingestions of cannabis in children
pre-and post-legalization: perspectives from a Canadian paediatric
hospital. Paediatr Child Health. 2021;26:e25.

Dean DJ, Jacobs E, King AM, Aaron CK. Trends in marijuana expo-
sures reported to the Michigan poison center from 2014 to 2019.
J Med Toxicol. 2020;16:146.

Thomas AA, Dickerson-Young T, Mazor S. Unintentional pediatric
marijuana exposures at a tertiary care Children’s Hospital in
Washington State: a retrospective review. Pediatr Emerg Care. 2021;
37:e594-e598.

Thomas AA, Von Derau K, Bradford MC, Moser E, Garrard A,
Mazor S. Unintentional pediatric marijuana exposures prior to and
after legalization and commercial availability of recreational mari-
juana in Washington state. J Emerg Med. 2019;56:398-404.

Wang GS, Hoyte C, Roosevelt G, Heard K. The continued impact of
marijuana legalization on unintentional pediatric exposures in
Colorado. Clin Pediatr. 2019;58:114-16.

Yeung MEM, Weaver CG, Hartmann R, Haines-Saah R, Lang E.
Emergency department pediatric visits in Alberta for cannabis after
legalization. Paediatrics. 2021;148:€202004592.

Wang GS, Davies SD, Halmo LS, Sass A, Mistry RD. Impact of mari-
juana legalization in Colorado on adolescent emergency and urgent
care visits. J Adolesc Health. 2018;63:239-41.

Delva-Clark H, Wang GS, Ryall KA, Reynolds KM, Iwanicki JL,
Hoyte C. Unintentional pediatric marijuana exposures reported to
the Rocky Mountain poison center. Clin Toxicol. 2020;58:44-45.
Spyres MB, Ruha AM, Wax PM, Brent J. Clinical and demographic
factors in marijuana toxicity: the ToxIC registry experience since
2010. Clin Toxicol. 2015;53:677.

Dewey A, Korenoski A, Osterhoudt K. Marijuana exposure of young
children in Pennsylvania and Delaware as reported to Pennsylvania
poison centers, July 2014-June 2019. Clin Toxicol. 2020;58:1196.
Wang GS, Hall K, Vigil D, Banerji S, Monte A, VanDyke M. Marijuana
and acute health care contacts in Colorado. Prev Med. 2017;104:24-30.
Myran DT, Tanuseputro P, Auger N, Konikoff L, Talarico R,
Finkelstein Y. Edible Cannabis legalization and unintentional poison-
ings in children. N Engl J Med. 2022;387:757-9.

Myran DT, Cantor N, Finkelstein Y, Pugliese M, Guttmann A,
Jesseman R, et al. Unintentional pediatric cannabis exposures after
legalization of recreational Cannabis in Canada. JAMA Netw Open.
2022;5:2142521.

Cerda M, Wall M, Keyes KM, Galea S, Hasin D. Medical marijuana
laws in 50 states: investigating the relationship between state legali-
zation of medical marijuana and marijuana use, abuse and depen-
dence. Drug Alcohol Depend. 2012;120:22-27.

Queirolo R. The effects of recreational cannabis legalization might
depend upon the policy model. World Psychiatry. 2020;19:195-6.
Bahji A, Kaur S, Devoe D, Patten S. Trends in Canadian cannabis con-
sumption over time: a two-step meta-analysis of Canadian household
survey data. Can J Addict. 2022;13:6-13.

Hammond D, Goodman S, Wadsworth E, Freeman TP, Kilmer B,
Schauer G, et al. Trends in the use of cannabis products in Canada
and the USA, 2018-2020: findings from the international cannabis
policy study. Int J Drug Policy. 2022;105:103716.

Cerda M, Mauro C, Hamilton A, Levy NS, Santaella-Tenorio J,
Hasin D, et al. Association between recreational marijuana legaliza-
tion in the United States and changes in marijuana use and cannabis
use disorder from 2008 to 2016. JAMA Psychiatry. 2020;77:
165-71.



2274 |

54.

55.
56.
57.
58.
59.
60.

61.

62.

63.

ALLAF ET AL.

SSA

Mauro CM, Newswanger P, Santaella-Tenorio J, Mauro PM,
Carliner H, Martins SS. Impact of medical marijuana Laws on state-
level marijuana use by age and gender, 2004-2013. Prev Sci. 2019;
20:205-14.

Steigerwald S, Wong PO, Khorasani A, Keyhani S. The form and con-
tent of cannabis products in the United States. J Gen Intern Med.
2018;33:1426-8.

Hurley W, Mazor S. Anticipated medical effects on children from
legalization of marijuana in Colorado and Washington state a poison
center perspective. JAMA Pediatr. 2013;167:602-3.

Murad MH, Chu H, Lin L, Wang Z. The effect of publication bias
magnitude and direction on the certainty in evidence. BMJ Evid-
Based Med. 2018;23:84-86.

Li G, Chihuri S. Is marijuana use associated with decreased
use of prescription opioids? Toxicological findings from two US
national samples of drivers. Subst Abuse Treat Prev Policy. 2020;
15:12.

Chihuri S, Li G. State marijuana laws and opioid overdose mortality.
Inj Epidemiol. 2019;6:38.

Bachhuber MA, Saloner B, Cunningham CO, Barry CL. Medical can-
nabis laws and opioid analgesic overdose mortality in the
United States, 1999-2010. JAMA Intern Med. 2014;174:1668-73,
10. https://doi.org/10.1001/jamainternmed.2014.4005

Darke S, Banister S, Farrell M, Duflou J, Lappin J. ‘Synthetic canna-
bis’: a dangerous misnomer. Int J Drug Policy. 2021;98:103396.
https://doi.org/10.1016/j.drugpo.2021.103396

Castaneto MS, Gorelick DA, Desrosiers NA, Hartman RL, Pirard S,
Huestis MA. Synthetic cannabinoids: epidemiology, pharmacody-
namics, and clinical implications. Drug Alcohol Depend. 2014;144:
12-41.

Winstock AR, Barratt MJ. Synthetic cannabis: a comparison of pat-
terns of use and effect profile with natural cannabis in a large global
sample. Drug Alcohol Depend. 2013;131:106-11.

64.

65.

66.

67.

68.

Barratt MJ, Cakic V, Lenton S. Patterns of synthetic cannabinoid use
in Australia. Drug Alcohol Rev. 2013;32:141-6.

Klein TA, Dilley JA, Graves JM, Liebelt EL. Synthetic cannabinoid poi-
sonings and access to the legal cannabis market: findings from US
national poison centre data 2016-2019. Clin Toxicol. 2022;60:
1024-8.

Chan-Hosokawa A, Nguyen L, Lattanzio N, Adams WR. Emergence
of Delta-8 tetrahydrocannabinol in DUID investigation casework:
method development, validation and application. J Anal Toxicol.
2022;46:1-9.

Carliner H, Brown QL, Sarvet AL, Hasin DS. Cannabis use, attitudes,
and legal status in the U.S.: a review. Prev Med. 2017;104:13-23.
ElSohly MA, Chandra S, Radwan M, Majumdar CG, Church JC. A
comprehensive review of cannabis potency in the United States in
the last decade. Biol Psychiatry Cogn Neurosci Neuroimaging. 2021;
6:603-6.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Allaf S, Lim JS, Buckley NA, Cairns R.
The impact of cannabis legalization and decriminalization on
acute poisoning: A systematic review. Addiction. 2023;
118(12):2252-74. https://doi.org/10.1111/add.16280



https://doi.org/10.1001/jamainternmed.2014.4005
https://doi.org/10.1016/j.drugpo.2021.103396
https://doi.org/10.1111/add.16280

	The impact of cannabis legalization and decriminalization on acute poisoning: A systematic review
	INTRODUCTION
	METHODS
	Search strategy and data sources
	Inclusion and exclusion criteria
	Selection of studies
	Data extraction
	Synthesis methods
	Risk of bias

	RESULTS
	Study characteristics
	Medicinal cannabis legalization
	Recreational cannabis legalization and decriminalization
	Quantitative synthesis
	Clinical effects, outcomes and disposition
	Quality assessment

	DISCUSSION
	Strengths and limitations

	CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	DECLARATION OF INTERESTS
	DATA AVAILABILITY STATEMENT

	REFERENCES


