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ABSTRACT
Aim: To investigate trends in synthetic cannabinoid exposures reported to United States (US) poison
control centres, and their association with status of state cannabis legalisation.
Methods: A retrospective study of National Poison Data System (NPDS) data from 2016 to 2019 identi-
fied and associated synthetic poisoning reports with annual state cannabis law and market status.
State status was categorised as restrictive (cannabis illegal or limited medical legalisation), medical
(allowing THC-containing medical cannabis use) and permissive (allowing non-medical use of THC-con-
taining cannabis by adults). We categorised a subset of states with permissive policies by their imple-
mentation of legal adult possession/use and opening retail markets, on a quarterly basis. Mixed-effects
Poisson regression models assessed synthetic exposures associated with legal status, first among all
states using annual counts, and then among states that implemented permissive law alone using
quarterly counts.
Results: A total of 7600 exposures were reported during the study period. Overall, reported synthetic
exposures declined over time. Most reported exposures (64.8%) required medical attention, and 61
deaths were documented. State implementation of medical cannabis law was associated with 13%
fewer reported annual exposures. Adoption of permissive state cannabis policy was independently
and significantly associated with 37% lower reported annual synthetic exposures, relative to restrictive
policies (IRR: 0.63, 95% CI: 0.50–0.79). Among states with permissive law during the period, implemen-
tation of legal adult possession/use was associated with 22% fewer reported quarterly exposures.
Opening of retail markets was associated with 36% fewer reported exposures, relative to states with
medical cannabis only.
Conclusions: Adoption of permissive cannabis law was associated with significant reductions in
reported synthetic cannabinoid exposures. More permissive cannabis law may have the unintended
benefit of reducing both motivation and harms associated with use of synthetic cannabis products.
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Introduction

Synthetic cannabinoids, such as “K2” or “spice”, are used as
an alternative to natural cannabis by an estimated 0.2–4% of
the population, predominantly among those in their late
teens and early twenties [1]. In 2014–2015, about half of
high school seniors who self-reported using synthetic canna-
binoids did so three or more times in the past month [2]. A
high percentage (95.7%) has previously used cannabis prod-
ucts and many had used 2–4 other drugs of abuse [2].
Defining synthetic cannabinoids and their constituents are
challenging due to variable and illicit production, and syn-
thetic cannabinoid poisonings can often overlap with other
drug poisonings [3]. People who use synthetic cannabinoids
report a preference for natural cannabis products, due in
part to its lower negative effect profile including less hang-
over effects, less paranoia and more ability to function [4].
Users of synthetic products therefore may use them for

reasons other than preference, such as avoidance of detec-
tion in urine drug screens in a supervised setting such as
during drug treatment [5].

Passage of the United States (US) Synthetic Drug Abuse
Prevention Act in 2012 attempted to limit production of syn-
thetic cannabinoids [6]. The greatest number of annual syn-
thetic cannabinoid exposures reported to US Poison Centres
since passage of this act were in 2015, with 7792 cases [7].
When compared to acute intoxication with natural cannabis,
synthetic cannabinoids cause greater agitation and cardiotox-
icity, in part due to their stronger binding with CB1 receptors
and incorporation of many toxic compounds including atyp-
ical sympathomimetic toxidromes [2,8–10]. As new synthetic
agents are developed, knowledge of their effects is still
under study and long-term impact of use is therefore
unknown [9].

Studies on synthetic cannabinoids are often case-based
due in part to limitations in reporting and confirmation
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[11,12]. Few data sources provide consistent and reliable
information to allow for surveillance on synthetic cannabin-
oid use, in part due to challenges related to testing, presen-
tation and documentation [13]. One data source is the US
Toxicology Investigators Consortium (ToxIC), a database of
prospectively collected data from patients seen at the bed-
side by medical toxicologists at selected sites in US. ToxIC
data show an upward trend in synthetic cannabinoid poison-
ings from 2010 to 2015 [13]. During 2010–2015 most sites
reported <20 synthetic cannabinoid cases though clusters
were observed in large cities [13]. Cases involving synthetic
cannabinoid use reported to Poison Centres have been asso-
ciated with male gender, intentional use/misuse and chronic
use characteristics [14]

Some trends in synthetic cannabinoids can be monitored
across the US using syndromic surveillance, based on dis-
charge codes and text from clinical summaries for patients
seen in emergency departments (EDs). Regional U.S. trend
data from 2016 to 2019 using such syndromic data noted a
small national decrease in synthetic cannabinoid ED visits as
well as decreasing incidence in the Southeast and the West,
but statistically significant increases in both the Midwest and
Northeast and wide variation by region [15].

One key data source that provides both comprehensive
coverage of the US and detailed exposure information is the
National Poison Data System (NPDS), a data management
system owned by the American Association of Poison
Control Centres (AAPCC) [16]. NPDS is used to track poten-
tially toxic exposures which are reported by clinicians and
the general public to regional poison control centres; case
information, such as route of exposure, reported amount,
clinical effects, health outcomes and limited demographic
information about exposed individuals are included. Relevant
to synthetic cannabinoids, NPDS characterises exposures
based both on self-reported consumption and analytical
data, including post-mortem assessment, when applicable
[17,18]. NPDS data have been used to document outbreaks
of synthetic cannabinoids, as well as general trends.

Identification of current potential predictors and correlates
of natural and synthetic cannabinoid poisonings are import-
ant to evaluate and to implement harm reduction interven-
tions. Medical cannabis laws have been negatively associated
with synthetic cannabis exposure reports for adults age 50
and over [14], suggesting that cannabis policies may influ-
ence synthetic cannabinoid use. Legalisation of adult use
(recreational or non-medical) cannabis may reasonably affect
use of synthetic cannabinoids as well as recreational drugs
or alternatives to cannabis. Examination of state legalisation
of medical or retail cannabis use and market variations may
help explain regional differences observed in synthetic can-
nabinoid health event trends [15].

Purpose

To investigate trends in synthetic cannabinoid exposures
reported to US poison control centres, and their association
with status of state cannabis legalisation. We hypothesised
that more liberal cannabis state policies which allow access

to THC-containing products would decrease the incidence of
synthetic cannabinoid poisoning reports, and that restrictive
policies would be predictive of higher synthetic cannabinoid
poisoning rates.

Methods

Study setting and design

This study analysed data from the NPDS. We obtained dei-
dentified data on synthetic cannabinoid exposure reports,
characterised by NPDS using the relevant system code for
synthetic cannabinoids (generic code 0200617). The
Washington State University Office of Research Assurances
has found that the project is exempt from the need for
Institutional Review Board review (IRB #17473).

We examined all unique synthetic cannabis exposures
reported during 2016–2019, a total of 7600 cases. These
years included when multiple states had or were implement-
ing adult use cannabis retail markets. Beginning analysis with
2016 data eliminated confounding effects from known major
synthetic cannabinoid cluster outbreaks in 2015, which
affected at least two states (New York and Louisiana) and is
reflected in the peak number of annual poisonings of the
last decade [7]. Our study frame concluded on 31 December
2019 and therefore did not include the effect of changes
in cannabis law and distribution pursuant to the COVID-19
pandemic which impacted both use and distribution of
cannabis [19].

Cases were characterised by the state in which the expos-
ure occurred. We first coded state cannabis law into three
categories, based on the most liberal guidance in place dur-
ing each year: restrictive, medical, and permissive (see
Supplemental Table 1). Restrictive states were defined as
those where cannabis is either illegal or restricted to CBD
only or very low concentration THC products for narrow
medical use. Medical states were those which allow for use
of THC products with broad medical authorisation. Permissive
states were those which had adult use cannabis for non-
medical purposes. Classification of each state law or policy,
and dates of implementation, was based on reports from the
National Conference of State Legislatures website [20] and
annual state report data from the Americans for Safe Access
reports (2015–2020) [21], both of which comprehensively
track state law and implementation regarding cannabis.
Additional cross checking of original state statutes and regu-
lations was completed using links from these sources. We
also used policy resources and state websites to determine
the date of onset of legal adult possession and use and retail
market opening in states with permissive policies, categoris-
ing these on a quarterly basis (see Supplemental Table 2).

Analyses

We described the synthetic cannabis exposure cases by year,
state legal status at the time of the exposure (assigned per
year), medical outcome, sex and age group. We used multi-
level statistical models that predicted numbers of synthetic
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cannabis exposure based on state legal status, while
accounting for historical trends and state-level influences
(i.e., nesting). State was included as a random effect in all
models, allowing each state to have a different baseline
measure. Natural log of year-specific state population was
included as an offset.

We first used a mixed effects Poisson regression model to
estimate the annual number of synthetic cannabis exposures
among all states as categorised by restrictive, medical and
permissive legal status. Legal status was assigned per year
based on date of implementation; those implemented in the
fourth quarter of a calendar year were applied to state legal
status during the following year.

As a sensitivity analysis, the dataset was limited to include
jurisdictions that had implemented a permissive policy at
any time during the study frame (Alaska, California, Colorado,
District of Columbia, Illinois, Maine, Massachusetts, Michigan,
Nevada, Oregon, Vermont and Washington state). In this
model, we assessed numbers of exposures and their associa-
tions with policies over time by quarter (3-month periods).
For this analysis, policies were further categorised as medical
legal only (most restrictive), adult possession/use legal, and
retail markets open (most permissive).

All analyses were conducted with Stata version 14.2
(StataCorp LB, College Station, TX). We used 0.05 as the cut-
off for statistical significance.

Results

Descriptive analysis: all states

Reported synthetic cannabinoid exposures declined between
2016 and 2019; there were 2633 in 2016 and less than half
as many (1117) in 2019 (see Table 1). Most of the exposures
for that time period overall (56.0%) were reported by people
in states with restrictive cannabis policies at the time of the
exposure; 38.6% occurred among people in states with med-
ical policies; and 5.5% occurred in states with permissive can-
nabis policies. Most exposures occurred in a personal
residence (69.8%), and most involved only synthetic canna-
binoid without other substances (66.5%).

Most exposures were experienced by men (75.3%), and
the majority were between ages 21 and 54 years (62.6%). A
large proportion of the exposures reported were serious,
requiring medical attention (i.e., moderate, major and fatal
effects combined; 4921, 64.8%), including 61 deaths.

Main policy analysis: all states

In our first model (see Table 2), state implementation of med-
ical marijuana law was associated with 13% fewer reported
annual synthetic cannabinoid exposures relative to a restrictive
law (calculated as 1 minus the value of the incidence rate ratio
[IRR]: 0.87, 95% confidence interval [CI]: 0.75–1.00), although
the association did not reach significance (p¼ 0.05). Adoption
of a permissive cannabis policy was independently and signifi-
cantly associated with 37% lower reported annual synthetic
exposures, relative to restrictive policies (IRR: 0.63, 95% CI:
0.50–0.79). IRRs for medical vs. permissive policies were

significantly different from one another when formally tested,
indicating that adoption of a permissive policy was associated
with further reduction of synthetic cannabinoid exposures rela-
tive to a medical policy.

Sensitivity analysis: states implementing
permissive policy

Our next model (see Table 3), focused on states that imple-
mented adult use legalisation during the period studied,
which showed 22% fewer poisonings associated with

Table 1. Characteristics of synthetic cannabinoid exposures reported to US
Poison Centres, 2016–2019.

All states
Number of exposures (%)

Total 7600 (100%)
2016 2633 (34.6)
2017 1918 (25.2)
2018 1932 (25.4)
2019 1117 (14.7)

Policy status (assigned per year)
Restrictive (illegal or CBD/non-THC only) 4252 (56.0)
Medical 2934 (38.6)
Permissive 414 (5.5)

Exposure site
Residence (personal or someone else’s) 5305 (69.8)
Other site 2295 (30.2)

Number of substances
Synthetic cannabis alone 5056 (66.5)
At least one additional substance 2544 (33.5)

Gender
Male 5719 (75.3)
Female 1750 (23.0)
Pregnant <5 (0.1)
Unknown 127 (1.7)

Age
0–9 74 (1.0)
10–20 2042 (26.9)
21–54 4761 (62.6)
55þ 324 (4.3)
Unknown 399 (5.3)

Medical outcomea

Death (indirect or direct report) 61 (0.8)
Major effect 1038 (13.7)
Moderate effect 3128 (41.2)
Minor effect 1,987 (26.1)
No effect 407 (5.4)
Not followed, judged as nontoxic or

minimal clinical effect
285 (3.8)

Unable to follow, judged as potentially toxic 694 (9.1)
aHealth care intervention is generally required for medical outcomes charac-
terised as moderate, major or death.

Table 2. Association between annual synthetic cannabinoid exposures and
policy, all US states, 2016–2019.

IRR 95% CI p Value

Time (year) 0.79 0.78–0.81 <0.001
State cannabis policy
Restrictive

Referent

Medical 0.87 0.75–1.00 0.05
Permissivea 0.63 0.50–0.79 <0.001

IRR: incidence rate ratio; CI: confidence interval.
Time (year) IRR is the average change per year in the rate of reported expo-
sures; an IRR < 1.0 indicates declining trend, independent of policy change.
Cannabis policy IRR is the reported incidence rate within states with a specific
policy divided by the incidence rate among states with the referent policy,
after accounting for historical time trend (time variable) and within-state cor-
relations. An IRR < 1.0 indicates a lower rate than the referent group.
aPost-hoc contrast indicated significant differences between permissive and
medical policies (p< 0.001).
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implementation of legal adult possession/use policies vs.
medical policies, but this association did not reach statistical
significance (IRR: 0.78, 95% CI: 0.59–1.02). Opening of a legal
retail market resulted in a 36% reduction in the number of
synthetic cannabis exposures, relative to medical legalisation
only (IRR: 0.64, 95% CI: 0.46–0.90). IRRs for adult possession/
use and retail market opening were not significantly different
from one another.

Discussion

Our examination of synthetic cannabinoid exposures
reported in the NPDS showed that synthetic cannabis poi-
sonings were trending downward during the 2016–2019
study period. Consistent with other studies, we also found
that many exposures are among men and involve young or
middle-aged adults (ages 10–54), though some patients over
55 are also victims of synthetic cannabinoid poisonings
[7,14]. While exposures were trending downward, the impact
on those who consumed synthetic cannabis was significant,
resulting in over 4000 moderate to major effects and 61
reported deaths.

What our study adds is the finding that adoption of per-
missive cannabis law can be associated with significant
reductions in synthetic cannabinoid exposures. While medical
cannabis alone did not show a statistically significant impact
on synthetic cannabinoid poisonings, the magnitude and dir-
ection of change were similar in both of our models consist-
ent with a hypothesised dose-response relationship between
more permissive cannabis law overall and fewer reported
synthetic cannabinoid poisonings. Because synthetic canna-
binoid use has no legitimate medical benefit, and medical
cannabis markets are not readily accessible to people who
may be using synthetic cannabinoids as an alternative to
natural cannabis for non-medical purposes, it is not surpris-
ing that medical cannabis availability alone showed weaker
association with reported cannabinoid exposures.

The effects of cannabis legalisation (especially legalisation
of adult use markets) are not yet fully understood, and atten-
tion should be given to study of both direct and indirect
public health outcomes that may result from this policy
change. While synthetic cannabinoid use appears to be

decreasing, the number of formulations and the diversity of
their structure with increasing potency has led to concern
about their toxicity and long-term impact [9]. This so called
“fourth-generation” of synthetic cannabinoid is now being
referred collectively as the Synthetic Cannabinoid Receptor
Agonist (SCRA) class to acknowledge potential for differential
and severe effects including neurologic and cardiac toxicity
and death [9,22].

Limitations

There are inherent limitations of the NPDS database. First,
NPDS data includes only data which are reported to poison
centres, most likely underestimating the true number of
exposures. Active reporting was reduced over the study
period; this could have reflected decreases in poisonings
over time for multiple reasons including variables not meas-
ured in this data such as socioeconomic status and access
which have been linked in prior studies to use by adoles-
cents [23]. Synthetic cannabinoids cannot be routinely identi-
fied in healthcare setting drug testing; therefore, the
integrity of the data is reliant on accurate and complete
reporting from healthcare providers and the general public.
However, NPDS is the largest and only near real-time
national database of exposures, and we are not aware of any
reason quality of reporting would have otherwise changed
associated with changes in legal status of cannabis products.

There are complexities in correlating policy change with
patient outcomes. Our study tested the effects of both med-
ical and recreational substitution law changes on consump-
tion of synthetics which we attempted to measure precisely,
however, variations in policy take time to both implement
and note effects, making precision less attainable. Further,
we generalised changes in law very broadly, including com-
bining states that had legalised adult use and markets with
those had legalised but not yet begun to allow retail sales,
and similarly combining states that allow medical use by
individuals without regard to whether they allow medical
purchasing, or what restrictions they place on criteria for
being recognised as a medical patient. This approach was
conservative because it measured progressive policy changes
sensitively by not requiring full implementation when max-
imum effect would be anticipated.

Additionally, we applied a legal status designation for an
entire year, when in fact that policy might not have been
passed until mid-year depending on legislative sessions. We
justified this approach as conservative for modelling because
it also included some unaffected time periods within the
“policy change” periods. We tested this by applying a sensi-
tivity analysis using a more focused parameterisation of time
and policy, and the results were similar, which suggested
robust findings.

Finally, we cannot account for other factors that may be
affecting synthetic cannabinoid poisonings. These might
include delayed effect of the federal policy from 2012, public
education campaigns, gradual denormalisation of synthetic
cannabinoid use, or normalisation of plant-based cannabis
use which might reduce motivation to use synthetic varieties.

Table 3. Association between quarterly synthetic cannabinoid exposures and
policy, among US states with legal adult cannabis use at any time dur-
ing 2016–2019.

IRR 95% CI p Value

Time (quarters) 0.98 0.96–1.00 0.02
State cannabis policy
Medical legalisation only

Referent

Adult possession/use legal 0.78 0.59–1.02 0.07
Retail market open 0.64 0.46–0.90 0.01

IRR: incidence rate ratio; CI: confidence interval.
Time (quarter) IRR is the average change per quarter in the rate of reported
exposures; an IRR <1.0 indicates declining trend, independent of pol-
icy change.
Cannabis policy IRR is the reported incidence rate within states with a specific
policy divided by the incidence rate among states with the referent policy,
after accounting for historical trend (time variable) and within-state correla-
tions. An IRR < 1.0 indicates a lower rate than the referent group.
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Nonetheless, we do not believe these potential contributors
to general trends could explain the patterns of the policy-
specific observations we observed, although it is possible,
they could have affected the true magnitude of the
effects measured.

Conclusion

The gradual reduction of prohibitions against plant-based
cannabis offers an opportunity to study use of cannabis and
powerful synthetic analogues that may have been used as
natural cannabis substitutes. Our study identified an associ-
ation between more liberal policies (legalisation) for natural
cannabis and declines in reported synthetic cannabinoid poi-
sonings. This finding suggests a potential effect of policy
change on substance use behaviours that may have long-
term public health implications [24].
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