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Background: Cannabis exposures reported to the California Poison 
Control System increased following the initiation of recreational 
cannabis sales on 1 January 2018 (i.e., “commercialization”). We 
evaluated whether local cannabis control policies adopted by 2021 
were associated with shifts in harmful cannabis exposures.
Methods: Using cannabis control policies collected for all 539 
California cities and counties in 2020–2021, we applied a differences-in- 
differences design with negative binomial regression to test the 
association of policies with harmful cannabis exposures reported 
to California Poison Control System (2011–2020), before and after 
commercialization. We considered three policy categories: bans on 
storefront recreational retail cannabis businesses, overall restrictive-
ness, and specific recommended provisions (restricting product types 

or potency, packaging and labeling restrictions, and server training 
requirements).
Results: Localities that ultimately banned storefront recreational 
retail cannabis businesses had fewer harmful cannabis exposures 
for children aged <13 years (rate ratio = 0.82; 95% confidence 
interval = 0.65, 1.02), but not for people aged >13 years (rate 
ratio = 0.97; 95% confidence interval = 0.85, 1.11). Of 167 local-
ities ultimately permitting recreational cannabis sales, overall 
restrictiveness was not associated with harmful cannabis expo-
sures among children aged <13 years, but for people aged >13 
years, a 1-standard deviation increase in ultimate restrictiveness 
was associated with fewer harmful cannabis exposures (rate ratio 
= 0.93; 95% confidence interval = 0.86, 1.01). For recommended 
provisions, estimates were generally too imprecise to detect asso-
ciations with harmful cannabis exposures.
Conclusion: Bans on storefront retail and other restrictive 
approaches to regulating recreational cannabis may be associated 
with fewer harmful cannabis exposures for some age groups follow-
ing statewide commercialization.

Keywords: Cannabis; California; Local government; Marijuana; 
Poison Control; Policy

(Epidemiology 2024;35: 447–457)

A growing number of US states have adopted policies 
permitting the possession, use, production, and sale 

of cannabis for recreational purposes. Regulatory changes 
may have both positive and negative impacts on pub-
lic health.1,2 One concern raised by public health experts 
is that cannabis producers (such as tobacco and alcohol) 
are incentivized to increase potency3,4 and diversify prod-
ucts.3,5,6 Higher potency products may increase risks for 
cannabis use disorder, psychosis, and other problems.1,7,8 
Capacity to enforce product safety standards may also be 
limited in newly legalized areas.9–12 Consequently, the Food 
and Drug Administration has called for public health mon-
itoring to identify and respond to cannabis product safety 
concerns.13

A key source of surveillance data recommended by 
public health experts are Poison Control centers.2,9 Several 
types of cannabis-related safety concerns may be captured 
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in Poison Control records. Adults who intentionally consume 
a recommended dose of a cannabis product may experience 
adverse effects such as vomiting or psychotic symptoms.9,14 
Consumers may also intentionally overdose, defined by poi-
son centers as purposeful exposure to nonstandard doses of  
tetrahydrocannabinol-containing products with the intent to 
gain a high, euphoria, or some other psychotropic effect.15 
Unintentional overdoses may arise from unfamiliarity with 
new product types (e.g., concentrates), confusion about 
dosing, or lack of guidance on safe consumption.16 Acute 
cannabis overdoses may manifest as vomiting, ataxia, disori-
entation, psychotic symptoms, or psychological distress.9,14,17,18 
Cannabis can be mistaken for other products and consumed 
unintentionally, particularly by children.19–27 Finally, like most 
products, cannabis can be spoiled or contaminated with other 
drugs or chemicals.

Research has documented increases in cannabis-related  
calls to Poison Control centers following cannabis legaliza-
tion and commercialization.19–22 In California, cannabis- 
related calls to Poison Control centers increased by 64%  
following recreational legalization (November 2016) and an 
additional 29% following the initiation of recreational retail 
sales (“commercialization,” January 2018) (Box), particularly 
among children aged 12 years and under and for edible prod-
ucts.20 Existing studies have focused on state-level patterns, 
but states can devolve regulatory powers over cannabis to the 
local level.28–32 In California, cities and counties can determine 
retail tax rates, limit outlet densities or locations, regulate the 
types and potency of products sold, establish packaging and 
labeling requirements beyond state requirements, and man-
date whether salespeople need to be trained to advise custom-
ers on dosing (e.g., “budtender training”), among others. This 
local policy variation provides a unique opportunity to com-
pare alternative regulatory strategies and potentially identify 
effective prevention approaches.

We evaluated whether local cannabis control policies 
adopted following statewide recreational cannabis commer-
cialization may help prevent increases in harmful cannabis 
exposures reported to Poison Control. We focus on California, 
which has the largest legal cannabis market worldwide ($6 
billion in annual sales)33,34 and a comparatively high degree of 
local autonomy in regulating cannabis. We hypothesized that 
localities that adopted more restrictive regulatory approaches 
would experience smaller increases in harmful cannabis expo-
sures following commercialization.

METHODS

Policy Data Collection and Measures
The cannabis policy data collection and coding are 

described in detail elsewhere.31,35,36 The complete protocol and 
data collection instrument are provided in eAppendices 1–2; 
http://links.lww.com/EDE/C129. Briefly, we measured local 
cannabis control policies for California’s 58 counties and all 

482 incorporated cities within them. Incorporated city poli-
cies apply within city borders, and county policies apply to 
areas outside of incorporated cities (“unincorporated county 
areas”). The combined set of 539 incorporated cities and 
unincorporated county areas were the mutually exclusive and 
collectively exhaustive jurisdictions (“localities”) to which 
distinct policies applied.

Following established legal epidemiology proce-
dures,37,38 we systematically collected and coded characteris-
tics of local cannabis control policies. We used a structured 
data collection instrument to capture the presence or absence 
and content of prespecified provisions. Localities were coded 
independently by two analysts until achieving >95% agree-
ment with interpretations confirmed by a legal expert. Policy 

BOX. KEY EVENTS IN CALIFORNIA STATE 
CANNABIS HISTORY

Medical cannabis legalization (1996): Medical can-
nabis was legalized on 5 November 1996, with the passage 
of Proposition 215, the Compassionate Use Act. The law 
permitted the use, possession, and cultivation of canna-
bis by patients with a physician’s recommendation for the 
treatment of a qualifying medical condition. Dispensaries 
selling medical cannabis were subsequently introduced. 
Many medical cannabis dispensaries, both licensed and 
unlicensed, were operating at the time that recreational 
cannabis was legalized.

Recreational cannabis legalization (“Legalization”) 
(2016): Recreational cannabis was legalized on 8 November 
2016, with the passage of Proposition 64, the Adult Use of 
Marijuana Act. The law legalized the possession, use, and 
personal cultivation of recreational cannabis in California 
for adults aged 21 years and older. Licenses to cultivate, 
transport, manufacture, test, or sell recreational cannabis 
did not become active until 2018.

Initiation of recreational cannabis retail sales 
(“Commercialization”) (2018): Legal sales of recreational 
cannabis to adults aged 21 years and older through retail 
outlets began on 1 January 2018. Cities and counties 
reserved the option to ban recreational retail cannabis busi-
ness from siting within their borders, but receipt of home 
delivery of retail cannabis was permitted statewide begin-
ning in November 2018. Thus, in cities and counties that 
did not ban retail cannabis businesses, legal retail sales of 
recreational cannabis became available through storefronts 
in January 2018 and home delivery in November 2018, 
whereas in cities and counties that did ban retail canna-
bis businesses, legal retail sales of recreational cannabis 
became available only through home delivery in November 
2018. Sales occurred through retail outlets that were for-
merly or concurrently licensed for medical cannabis or 
through newly opened recreational retail outlets.

http://links.lww.com/EDE/C129
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data collection was conducted from November 2020 to August 
2021.

The local policies we measured were based on an exist-
ing taxonomy of all possible cannabis policies developed 
through literature review and expert discussion.39 We coded 
all major categories of policies that (1) could be adopted by 
city or county governments according to state law, (2) were 
more restrictive than state law, (3) varied across localities, 
and (4) were plausibly related to public health, based on 
existing evidence, public health best practices, and expert 
opinion.28,29,39

In this study, we evaluated three categories of local can-
nabis control policy measures (Table 1). First, we examined 
bans on storefront retail businesses selling recreational can-
nabis (hereafter, “retail bans”). Second, we generated a policy 
score capturing the overall restrictiveness of a locality’s can-
nabis control policies by summing the 18 binary policy vari-
ables relevant to the operations of retailers and the availability 
of recreational retail cannabis. Third, we considered specific 
provisions recommended as potential solutions to harmful 
cannabis exposures identified by Poison Control:9 limits on 
product types and potency, packaging and labeling require-
ments, and server training requirements.9 While some other 
policies are more common (e.g., retail taxes), these three pol-
icies address explicit mechanisms leading to overdoses (e.g., 
consumer confusion about dosing). We examined the restric-
tiveness score and specific provisions for the subset of locali-
ties without retail bans. For all three categories, the exposures 
were cross-sectional measures of the policies applicable at the 
time of data collection. Because statewide commercialization 
preceded data collection, we interpret our estimates as pat-
terns in harmful cannabis exposures in localities that did ver-
sus did not adopt the given policy by 2021. To assess whether 
the measured policies were effective throughout the postcom-
mercialization period 2018–2021, we retrospectively evalu-
ated a random sample of 20 localities. We found that 50% had 
unchanged policies throughout 2018–2021, 15% made minor 
changes (e.g., clarifying a definition), and 35% made major 
changes. See eAppendix 3; http://links.lww.com/EDE/C129 
for details.

California Poison Control System (CPCS) Data
We used data collected by California Poison Control 

System (CPCS), a network of four call-answering sites. CPCS 
maintains a free 24/7 hotline providing expert advice on 
exposure management to the lay public and medical practi-
tioners. We analyzed all CPCS calls from 1 January 2011 to 
31 December 2020 originating from California and involving 
human exposure to “marijuana” (ingested, inhaled, absorbed, 
or applied to the body), based on product codes used by all 
accredited US Poison Control centers to identify cannabis- 
containing products. Call records included patient demograph-
ics, caller location, substance, route of exposure, symptoms, 
treatment, and medical outcomes. The Institutional Review 

Board of the University of California, San Francisco approved 
this study.

Medical outcomes (hereafter, “severity”) were catego-
rized following Poison Control standards into no effect, minor, 
moderate, and severe.15 Examples of minor effects included 
self-limited gastrointestinal illness; moderate effects included 
pronounced or systemic symptoms typically requiring treat-
ment (e.g., psychosis); severe effects were life-threatening 
(e.g., respiratory compromise requiring intubation) or death. 
In the primary analysis, we excluded cases with no effect 
(e.g., informational calls), instead focusing on harmful can-
nabis exposures, defined as those involving minor, moderate, 
or severe medical outcomes. We aggregated individual call 
record data to the locality–quarter level. The primary outcome 
was the rate of harmful cannabis exposures reported to CPCS 
using census-based denominators. Additional detail on out-
come classification and data cleaning procedures is provided 
in eAppendix 3; http://links.lww.com/EDE/C129.

Statistical Analysis
We merged the local cannabis policy data to CPCS out-

comes by locality. Of the original 539 localities, we excluded 
four for which no legal text could be identified and four that 
did not specify whether recreational retail cannabis businesses 
were permitted. The final analytic dataset included a balanced 
panel of 531 localities over 40 quarters.

To estimate the associations of the local cannabis 
control policies adopted by 2021 with harmful cannabis 
exposures before and after commercialization, we applied a 
two-way fixed effects design,41 a generalization of differences- 
in-differences for the setting with multiple treated units. 
Our modeling approach was based on a simulation study 
that compared the performance (bias, precision) of com-
mon approaches for estimating policy effects in panel data.42 
The authors found that the optimal method was a negative 
binomial model that included an autoregressive effect.42 
However, some locality–quarters had no harmful cannabis 
exposures, so incorporating autoregressive terms would 
have involved log(0). We, therefore, employed the next-best 
approach identified by the study and used negative binomial 
regression to model the rate of harmful cannabis exposures 
as a function of the policy variables, locality fixed effects, 
and quarter fixed effects with standard errors clustered at the 
locality level (see eAppendix 3; http://links.lww.com/EDE/
C129 for statistical model). The locality fixed effects con-
trolled for time-invariant characteristics of localities (e.g., 
political orientation, population density, and wealth) and the 
quarter fixed effects controlled for temporal patterns that 
were universal across localities (e.g., statewide legalization 
and trends in cannabis product potency) that would other-
wise confound the results. Remaining potential confound-
ers are time-varying, locality-specific factors that relate to 
(1) which local cannabis policies were adopted and (2) rates 
of reported harmful cannabis exposures. Additionally, our 

http://links.lww.com/EDE/C129
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approach relies on the assumption of parallel trends on the 
multiplicative scale.43 That is, we assume that the trends in 
the log-transformed outcome rates in the localities that did 
not adopt the given policy are parallel to the trends in the 
outcomes in the localities that did adopt the policy, had these 
localities (counter-to-fact) not adopted the policy (see eAp-
pendix 3; http://links.lww.com/EDE/C129 for detail). We 
are not aware of any concurrent changes that affected harm-
ful cannabis exposures, supporting the plausibility of this 
assumption, but we cannot rule out uncontrolled confound-
ing. Under the assumptions of parallel trends and no antici-
pation, the exponentiated coefficient on the policy exposure 
variable is the standard differences-in-differences estimate of 
the average treatment effect on the treated (in this case, an 
associational rate ratio [RR]).41

All analyses were stratified by age group (under 13 
years vs. 13 years and older), because prior research indicated 
differential impacts of statewide recreational cannabis com-
mercialization between these two age groups20 and because 
exposures for the younger age group were frequently uninten-
tional consumption of edibles whereas exposures among older 
age group were more often intentional and varied in product 
type.20 We fit separate models for each category of policy mea-
sures: first, retail bans, among all localities; second, overall 
restrictiveness, among localities without retail bans; and third, 
the three specific provisions plus a new restrictiveness score 
made up of the remaining 15 cannabis control policies (with-
out the three specific provisions), among localities without 
retail bans. For analyses involving overall policy restrictive-
ness, we standardized the policy score so that estimates corre-
spond to the change in the rate of harmful cannabis exposures 
associated with a 1-standard deviation increase in the policy 
restrictiveness score, a substantial increase in restrictiveness 
(see eFigure 1; http://links.lww.com/EDE/C129).

In subgroup analyses, we stratified the outcome by 
patient gender (men, women), mode of cannabis product con-
sumption (ingested, inhaled), medical outcome severity (minor, 
moderate, major/death), and caller site (community, health 
care facility). To test the robustness of our results to our spec-
ification choices, we conducted sensitivity analyses in which 
we (1) restricted to exposures involving cannabis but no other 
substances and (2) included cases of unknown severity (see 
eAppendix 3; http://links.lww.com/EDE/C129). Consistent 
with increasing concerns about the value of null hypothesis 
significance testing, we do not adjust for multiple compari-
sons.44,45 All analyses were performed in R version 4.3.0, The 
R Foundation for Statistical Computing, Vienna, Austria (see 
eAppendix 4; http://links.lww.com/EDE/C129 for code).

RESULTS
Of 539 localities, we obtained the cannabis control pol-

icy text for 535 (99%). Of these, 69% had retail bans (Table 1). 
Among the 167 localities without retail bans, the median can-
nabis policy restrictiveness score was 7 (range: 1–13). Only 

7% of localities placed any type of limit on product types or 
potency, 13% adopted any requirements for product packag-
ing and labeling beyond state laws, and 3% placed some form 
of server training requirement.

There were 7906 harmful cannabis exposures reported 
to CPCS over the study period, and we linked 7,668 (97%) 
to their originating locality (Table 2). Among the cases, 55% 
were men, 76% were people aged 13 years or older, 59% 
involved cannabis only (vs. cannabis and other substances), 
80% involved ingestion (vs. inhalation or another route of 
exposure), 71% were minor severity, and 66% were calls made 
from health care facilities. Reported exposures increased over 
time from 565 in 2011 to 1,343 in 2020.

In adjusted analyses (Figure 1), localities that adopted 
bans on storefront recreational retail cannabis businesses by 
2021 had 18% fewer harmful cannabis exposures for people 
aged 12 years and under compared to localities not adopting 
such bans by 2021 (RR = 0.82; 95% confidence interval [CI] 
= 0.65, 1.02). However, we observed no association for people 
aged 13 years and older (RR = 0.97; 95% CI = 0.85, 1.11). 
For people aged 12 years and under, this RR corresponds to 
approximately 10 cases averted annually (2018–2020) among 
all localities adopting retail bans by 2021 combined. Subgroup 
analyses revealed that the reduction in harmful cannabis expo-
sures for those <13 years applied primarily to moderate sever-
ity cases (RR = 0.37; 95% CI = 0.22, 0.64), ingested products 
(RR = 0.80; 95% CI = 0.64, 1.01), and calls originating from 
health care facilities (RR = 0.74; 95% CI = 0.57, 0.96). In sub-
group analyses for ages 13 and older, associations with retail 
bans were generally null. One exception was that retail bans 
were associated with lower rates of high-severity cannabis 
exposures, but this estimate was imprecise (RR = 0.72; 95% 
CI = 0.45, 1.15).

In adjusted regression analyses restricted to the 167 
localities without retail bans by 2021 (Figure 2), the overall 
restrictiveness of a locality’s cannabis control policies in 2021 
was not associated with changes in harmful cannabis expo-
sures among children aged 12 years and under, overall or for 
any subgroup. For people aged 13 years and older, localities 
with a 1-standard deviation higher level of overall restrictive-
ness experienced 7% fewer harmful cannabis exposures for 
people aged 13 years and older compared with less restrictive 
localities (RR = 0.93; 95% CI = 0.86, 1.01), corresponding to 
approximately 11 cases averted annually among all localities 
adopting more restrictive approaches to cannabis control by 
2021. This finding was driven by medium-severity cases (RR 
= 0.82; 95% CI = 0.71, 0.94) and calls originating from health 
care facilities (RR = 0.89; 95% CI = 0.80, 0.98).

For limits on product types or potency, packaging and 
labeling requirements, and server training requirements, we 
generally did not detect differences in rates of harmful canna-
bis exposures between localities with and without these poli-
cies by 2021 (eFigures 2–4; http://links.lww.com/EDE/C129). 
Fewer than 15% of localities adopted these policies (Table 1) 

http://links.lww.com/EDE/C129
http://links.lww.com/EDE/C129
http://links.lww.com/EDE/C129
http://links.lww.com/EDE/C129
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and we restricted analyses to the 167 localities without retail 
bans by 2021. Thus, estimates were imprecise. There was 
some indication that localities adopting packaging and label-
ing requirements by 2021 experienced fewer harmful cannabis 
exposures among people aged 13 years and older, specifically 
for male patients (RR = 0.76; 95% CI = 0.60, 0.97) and calls 
originating from the community (RR = 0.70; 95% CI = 0.58, 
0.83). Server training requirements were also unexpectedly 
associated with more harmful cannabis exposures among peo-
ple aged 13 years and older (RR = 1.23; 95% CI = 1.01, 1.51).

Results from sensitivity analyses including cases of 
unknown severity were consistent with the main results (eFig-
ures 5-9; http://links.lww.com/EDE/C129).

DISCUSSION
In this statewide retrospective study of all 539 

California localities (cities and counties), the restrictiveness 
of local cannabis control policies adopted by 2021 was asso-
ciated with differential rates of harmful cannabis exposures 

reported to the CPCS following before versus after state-
wide cannabis commercialization in 2018. Local bans on 
storefront recreational retail cannabis businesses by 2021 
were associated with 18% fewer harmful cannabis exposures 
among children under 13 years, but no difference in harmful 
cannabis exposures among people aged 13 years and older. 
Among the 167 localities without retail bans, more restrictive 
local approaches to cannabis control by 2021 were associated 
with fewer harmful cannabis exposures for people aged 13 
years and older, specifically for medium-severity cases and 
calls originating from health care facilities. We also exam-
ined specific cannabis control provisions proposed as solu-
tions to harmful cannabis exposures: limits on product types 
and potency, packaging and labeling requirements, and server 
training requirements.9 However, we found that these policies 
were rarely adopted by 2021 and corresponding estimates 
were generally too imprecise to determine their effectiveness. 
Overall, these findings are important for informing local gov-
ernments’ approaches to prevent harmful cannabis exposures, 

FIGURE 1. Estimated associations of local bans on storefront recreational retail cannabis businesses with rates of harmful cannabis 
exposures reported to the California Poison Control System, 2011–2020.

http://links.lww.com/EDE/C129
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because they suggest that taking more restrictive approaches 
to local cannabis control may help mitigate some increases in 
harmful cannabis exposures following statewide recreational 
cannabis commercialization.

Increases in harmful cannabis exposures reported 
after commercialization may reflect a greater willingness 
to call Poison Control after penalties for possession and 
use were lifted for adults aged 21 and older.19,20 This may 
have been especially true in localities that permitted local 
retail, whereas calls may have increased less in places with 
retail bans. However, this reporting bias cannot explain all 
the findings because we observed increases in harmful can-
nabis exposures after commercialization when recreational 
cannabis use had already been decriminalized for several 
years. Additionally, the changes we observed occurred 
primarily for calls originating from health care providers, 
whose propensity to call Poison Control is unlikely to be 
affected by cannabis laws.

Local cannabis control policies designed to reduce the 
availability and demand for recreational cannabis, including 
retail bans, may contribute to lower levels of cannabis use 
and corresponding problems. In particular, changes in rates 
of harmful cannabis exposures may reflect differential avail-
ability, purchasing, and use of cannabis products, particularly 
high-potency and edible products that may be less familiar 
to users. In most states legalizing recreational cannabis, can-
nabis use increased among adults,46 and edibles increased in 
popularity.47 Potency of cannabis products also increased.5,6 
In California, the proportion of cannabis-related CPCS calls 
attributable to chocolates, candies, gummies, and other edi-
bles increased dramatically following statewide legalization.20 
When recreational cannabis sales began in 2018, many locali-
ties introduced recreational cannabis retail outlets by convert-
ing existing medical cannabis dispensaries; these outlets were 
therefore poised to distribute diverse high-potency cannabis 
products.48,49 Lower availability of these products, in places 

FIGURE 2. Estimated associations of overall restrictiveness of locality cannabis control policies with rates of harmful cannabis 
exposures reported to the California Poison Control System, 2011–2020. Estimates correspond to the change in the rate of harm-
ful cannabis exposures associated with a 1-standard deviation (SD) increase in the policy restrictiveness score.
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with retail bans and in places that permitted businesses but 
regulated them, may have resulted in fewer harmful cannabis 
exposures relative to localities with less restrictive policies.

We cannot rule out the possibility of uncontrolled 
confounding or reverse causation. Localities adopting more 
cannabis control policies may be those with larger canna-
bis markets. Restrictive policies may also be adopted in 
response to more frequent problems (i.e., reverse causation), 
consistent with prior work showing that restrictions on 
outlet overconcentration in historically disinvested neigh-
borhoods were more common in California localities with 
such problems.35 In future studies, longitudinal policy mea-
sures would help rule out reverse causation. Additionally, 
not all localities have the capacity or expertise to develop 
nuanced cannabis control regulations; more restrictive or 
complex policies may reflect the greater capacity of larger 
localities, which are also more likely to experience a harm-
ful cannabis exposure because the population is larger. The 
ongoing presence of a widespread illegal cannabis market50 
and misalignment between the frequency of cannabis use 
and cannabis use problems may also contribute to variation 
in our findings.

Lower rates of harmful cannabis exposures associ-
ated with more restrictive cannabis control policies were 
driven primarily by medium-severity cases (defined as non–
life-threatening cases needing medical attention). The poli-
cies we studied may therefore be more relevant for cannabis 
exposures serious enough to require medical attention. While 
minor cases are a nuisance, they are unlikely to be a major 
threat to population health. In contrast, preventing serious 
cannabis-related harm is a public policy imperative. Our 
findings suggest that retail bans and more restrictive overall 
approaches to local cannabis control may help prevent some 
of these cases (medium severity).

Consistent with prior research,20 our findings differed for 
children aged 12 and under compared with people aged 13 and 
older. Local retail bans were associated with fewer harmful can-
nabis exposures for children aged 12 and under, whereas more 
restrictive overall approaches to local cannabis control among 
localities permitting retail were associated with fewer harmful 
cannabis exposures for people aged 13 years and older. If these 
associations are causal, they suggest that banning recreational 
cannabis retail altogether is more likely to be effective in pre-
venting harmful cannabis exposures among children, whereas 
for the older age group, permitting but constraining recreational 
cannabis retail may be sufficient. Harmful cannabis exposures 
among children typically involve unintentional ingestion of edi-
bles, whereas harmful cannabis exposures among adults more 
often involve intentional consumption of various products.20 
Prevention strategies may need to be tailored to the type of prod-
uct (e.g., ingested versus inhaled) and the nature of the exposure 
(i.e., intentional versus unintentional). For example, prevention 
of child exposures may be centered around child supervision or 
safe storage practices.26

Strengths and Limitations
This study has several notable strengths, including the 

comprehensive collection of local cannabis control policy 
data, examination of specific provisions as opposed to legal-
ization or commercialization alone, restriction to calls involv-
ing actual health harms, and use of locality and time-fixed 
effects to control for time-constant characteristics of localities 
(e.g., political orientation, population density, and wealth) and 
place-invariant temporal patterns (e.g., statewide recreational 
cannabis legalization, statewide secular trends in cannabis 
product potency, secular trends in population propensity to 
call Poison Control).

Research using Poison Control records has strengths 
and limitations. Poison Control records capture incidents both 
inside and outside the health system (particularly given that 
calling is costless to callers), are widely used in research, and 
are complementary to population-based surveys and health 
care utilization records. However, Poison Control is a passive 
surveillance system relying on voluntary reporting. It captures 
a nonrandom sample of all harmful cannabis exposures. As 
health care providers become more comfortable managing 
pediatric marijuana intoxication, they may call CPCS less 
frequently. Nationally, Poison Control records capture an 
estimated half of all exposures,51 but this proportion could 
be lower for harmful cannabis exposures. If the probability 
that incidents are captured in CPCS records is associated with 
local cannabis control policies, this could lead to selection 
bias in an unknown direction. Additionally, we were unable to 
distinguish cannabis exposures arising from legal versus illicit 
sources or hemp-derived products.

We assessed local policies cross-sectionally at the end 
of the study period, though local cannabis control policies 
evolved since legalization. Thus, some local policies may 
be misclassified (see eAppendix 3; http://links.lww.com/
EDE/C129). Like most studies of public policies, the pol-
icy exposures were not randomized and residual confound-
ing is possible. Potential unmeasured confounders include  
community-based prevention campaigns. However, there 
was substantial variation in local approaches to cannabis 
control across California’s 539 localities, and localities with 
similar characteristics frequently adopted differing policies 
(i.e., like-random variation). Additionally, the locality where 
a harmful cannabis exposure occurred may not correspond 
to the locality where the cannabis was acquired. Some esti-
mates were imprecise, making the findings less robust to 
the other limitations cited. In particular, our analyses had 
insufficient precision to fully detect differences in trends 
in harmful cannabis exposures between localities with and 
without specific recommended provisions. Because these 
policies were rare, we grouped heterogeneous policies. For 
example, limits on product types and potency included bans 
on cannabis-infused beverages and bans on edible products 
requiring refrigeration. Poor enforcement and easy travel 
across localities may compromise policy effectiveness. 

http://links.lww.com/EDE/C129
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Localities may also have limited influence given that many 
features of the legal cannabis market are set at the state 
level. California still has a robust illicit cannabis market, 
and we could not distinguish cannabis exposures associated 
with legally purchased products from those arising from 
illegal purchases. Finally, the California setting is unique, 
limiting generalizability.

CONCLUSION
A growing number of US states now permit large-scale 

commercial markets for legal cannabis products. To ensure 
that the benefits of cannabis legalization exceed unintended 
harms, regulating agencies must establish policies to pre-
vent cannabis-related problems identified in Poison Control 
records. We found that some harmful cannabis exposures 
were less frequent in 2018–2020 in localities banning or con-
straining storefront recreational retail cannabis sales by 2021, 
consistent with the hypothesis that these policies may help 
prevent the steep increases in harmful cannabis exposures that 
have been observed in states commercializing recreational 
cannabis.19–22 Harmful cannabis exposures are preventable, 
burden the health system, and may have unequal impacts.31 
Our findings suggest that communities respond to local can-
nabis policies. Further research is needed on whether specific 
provisions regulating product types or potency, packaging 
and labeling, server training requirements, and other as-yet 
untested provisions can prevent harmful cannabis exposures, 
and to confirm whether the policy associations we identified 
hold for other relevant health-related outcomes including 
perceptions of harm, cannabis use initiation, and cannabis 
use disorder, and how these impacts vary across population 
subgroups.
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