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Adolescent tobacco use (particularly vaping) and co-use of cannabis and tobacco have increased, leading some
jurisdictions to implement policies intended to reduce youth access to these products; however, their impacts
remain unclear. We examine associations between local policy, density of tobacco, vape, and cannabis retailers

zz&;ibis around schools, and adolescent use and co-use of tobacco/vape and cannabis.
Tobacco We combined 2018 statewide California (US) data on: (a) jurisdiction-level policies related to tobacco and

cannabis retail environments, (b) jurisdiction-level sociodemographic composition, (c) retailer locations (to-
bacco, vape, and cannabis shops), and (d) survey data on 534,176 middle and high school students (California
Healthy Kids Survey). Structural equation models examined how local policies and retailer density near schools
are associated with frequency of past 30-day cigarette smoking or vaping, cannabis use, and co-use of tobacco/
vape and cannabis, controlling for jurisdiction-, school-, and individual-level confounders.

Stricter retail environment policies were associated with lower odds of past-month use of tobacco/vape,
cannabis, and co-use of tobacco/vape and cannabis. Stronger tobacco/vape policies were associated with higher
tobacco/vape retailer density near schools, while stronger cannabis policies and overall policy strength (tobacco/
vape and cannabis combined) were associated with lower cannabis and combined retailer densities (summed
tobacco/vape and cannabis), respectively. Tobacco/vape shop density near schools was positively associated
with tobacco/vape use odds, as was summed retailer density near schools and co-use of tobacco, cannabis.

Considering jurisdiction-level tobacco and cannabis control policies are associated with adolescent use of these
substances, policymakers may proactively leverage such policies to curb youth tobacco and cannabis use.

1. Introduction

Developments in the dynamic tobacco and cannabis retail environ-
ments may contribute to upsurges in youth vaping (e-cigarette use) and
co-use of tobacco and cannabis (Borodovsky et al., 2017; California
Tobacco Education and Research Oversight Committee, 2018) in recent
years. For instance, the emergence of e-cigarettes and legalization in
some states of non-medical cannabis have led to novel specialty retailers
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including vape shops and cannabis dispensaries (Lee et al., 2018; Unger
et al., 2020). Some suggest that certain local policies might curb youth
access to and use of these products, but this remains understudied
(Lipperman-Kreda et al., 2012). Yet place-based policies, such as local
retailer licensing requirements, may increase health equity by creating
healthier retail environments in vulnerable neighborhoods (Lawman,
2019). For example, a longitudinal study found that those who lived in
jurisdictions with stronger tobacco retail license ordinances (e.g.,
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requiring an annual fee sufficient to cover enforcement costs) had lower
prevalence of cigarette use, as well as lower odds of initiation of ciga-
rettes and e-cigarettes (Astor et al., 2019).

This study draws on social ecological models (Bronfenbrenner, 1999;
McLeroy et al., 1988)—which highlight how individual health behaviors
are associated with multi-level factors ranging from policy, to commu-
nity, to individual factors—to understand adolescent smoking, vaping,
and tobacco and cannabis co-use. Several studies report that retailer
density around schools is associated with youth smoking experimenta-
tion (Gwon et al., 2016; McCarthy et al., 2009) or smoking susceptibility
(Chan and Leatherdale, 2011). A California study found that greater
tobacco outlet density is associated with youth smoking, particularly in
cities with weak local clean air policies (few 100% smoke-free policies
for public spaces, multiunit housing, etc.) (Lipperman-Kreda et al.,
2012). Others found no association between tobacco retailer density
around schools and youth smoking prevalence, but found that greater
advertisement density was positively associated with youth use (Hen-
riksen et al., 2008). Similarly mixed results have been reported in the
vape and cannabis literatures. An Orange County, California, study
found a positive association between vape shop density around schools
and student vape experimentation (Bostean et al., 2016), while a Ca-
nadian study found no such association with student vaping (Cole et al.,
2019). Cannabis studies report a positive association between presence
of a cannabis retailer near schools and high school student cannabis use
in Oregon (Firth et al., 2022), while in Colorado proximity of stores was
not associated with perceived ease of access among adolescents (Harpin
et al., 2018). Thus, conclusions about how retailer densities around
school are associated with student substance use remain elusive.

Despite evidence of adolescent co-use of cannabis and tobacco, and
of associations between tobacco retailer density and co-use (Lipperman-
Kreda et al., 2022), the literatures on cannabis and tobacco retailers
remain largely separate (Gwon et al., 2016; Shi et al., 2018). Addi-
tionally, the cannabis literature has focused on medical dispensaries
(Freisthler and Gruenewald, 2014; Lankenau et al., 2019) since non-
medical sales are more recent; for example, in California medical sales
began in late 2016 and non-medical began on January 1, 2018. Thus,
researchers have an incomplete picture of the tobacco and cannabis
retail environments. Finally, few studies to date have examined retail
environment as a mediator of the association between policy and youth
substance use. The scant research examining how local (i.e., city or
county) policy is associated with youth tobacco smoking (Lipperman-
Kreda et al., 2012) found only a modified effect of youth access policies
(e.g., local tobacco licensing with fee, with penalties for violation) on
youth smoking, though this study focused on only one-tenth of Cali-
fornia cities. No studies to-date, to our knowledge, have examined how
local retail environment policies are associated with retailer density
around schools and with youth use of tobacco, vaping and cannabis
products, while controlling for individual-, school- and city-level vari-
ables (such as racial/ethnic and socioeconomic composition) to account
for potential disparities in where policies are implemented.

This study fills these gaps by examining the roles of local policy and
tobacco, vape, and cannabis retailer density around schools in adoles-
cent use and co-use of tobacco (smoking and vaping) and cannabis. We
focus on policies related to retail environment (e.g., local licensing,
zoning regulations, storefront bans) to assess their effectiveness in
reducing retailer density around schools. Using statewide California
data, we examine: (a) jurisdiction-level strength of tobacco control and
cannabis policies (city policies in jurisdictions that have city-level pol-
icy, and county-level policies in county unincorporated areas); (b)
school-level retailer density; and, (c) individual survey data from the
California Healthy Kids Survey on past 30-day use of conventional cig-
arettes, e-cigarettes, and cannabis among California middle and high
school students. We examine the extent to which local tobacco and
cannabis control policies are associated with student use of those sub-
stances, and whether retailer density around schools plays a role in the
association. For each domain (tobacco/vape, cannabis, and co-use of
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tobacco and cannabis), we test the following hypotheses:

H1: Local policy strength is directly negatively associated with stu-
dent current substance use.

H2: Stronger local policy strength is associated with lower retailer
density around schools, controlling for city/county- and school-level
confounders.

H3: Retailer density near schools is positively associated with sub-
stance use, net of jurisdiction-level, school-level, and individual-level
confounders.

2. Methods
2.1. Data

We examined middle and high school students (mainly public
schools) throughout California, combining student-level, school-level,
and jurisdiction-level data to test our hypotheses. Sociodemographic
estimates for places (and county remainder areas, or unincorporated)
came from American Community Survey (2015-2019 5-year estimates).
Policy strength data for tobacco and vape came from American Lung
Association (ALA) 2017 State of Tobacco Control Grades (American
Lung Association, 2017). Cannabis policy strength data came from the
California Cannabis Local Laws Database for 2018 (Silver et al., 2020).
Retailer locations were purchased from the commercial data provider
DataAxle (formerly InfoUSA); prior studies have used this data provider
(Siahpush et al., 2010). We included verified locations (open in 2018,
confirmed with multiple phone calls throughout the year) with the
following primary industry codes (NAICS 445120, 445310, 447110,
447190, and 453,991 for tobacco retailers, which includes tobacco
shops, gas stations, beer, wine and liquor stores, convenience stores, and
SIC 599306 for vape shops, and SIC 512227 for medical and non-
medical cannabis shops). We identified 20,986 tobacco retailers (and
318 vape shops), and 326 cannabis shops.

For individual-level measures, we used the California Healthy Kids
Survey (CHKS)—the largest available state student survey containing a
school identifier (for geocoding) and detailed substance use and school
climate questions. The survey was administered by school staff and is
designed to be fielded at least every two years to students in grades 7, 9
and 11, attending California public schools. Participation is voluntary,
anonymous, and confidential, and parental consent was obtained. We
used the 2017-2018 academic year wave to ensure the survey admin-
istration period overlaps with the period when the retailers were verified
to be open (2018); for cannabis retailers, this measure may underesti-
mate access for students who were surveyed in the three-month period
prior to opening of cannabis retailers in January 2018.

CHKS survey data were available on N = 612,342 individuals, of
whom N = 534,176 (87%) had complete data on all analytic variables
(N = 339,920 high school students and N = 194,256 middle school
students, nested within 669 and 1064 schools, respectively). This study
was deemed to be exempt from human subjects review by the Chapman
University Institutional Review Board.

3. Measures

Local policy strength. Tobacco/vape policy strength (0-3) was calcu-
lated using data from ALA grades (American Lung Association, 2017); it
is the sum of tobacco retail license strength (0 for no license ordinance or
a weak license ordinance that does not include a sufficient annual fee for
enforcement or penalties for violations, 1 for license with at least a
sufficient annual fee), retailer location restrictions (0 for no location
restrictions and 1 for at least one location restriction, such as minimum
distance from schools), and inclusion of e-cigarettes/vape in the local
licensing requirements (0-1). Cannabis policy strength (0-6) is the sum of
five dichotomous variables assessing strength of policies related to retail
environment (ban of medical or non-medical storefront retailers, retailer
cap, retailer minimum distance (buffer) from schools, buffers from
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sensitive use sites in addition to schools, buffer from other retailers; 0 =
no policy, less strict or same as state; 1 = policy stricter than state);
places that ban retail storefronts of both medical and non-medical
cannabis were given the highest score of 6. All policy variables are
coded such that higher numbers indicate stricter policies. Overall policy
strength (0-9) is the sum of the tobacco and cannabis policy strength
measures.

Retailer density around schools. Consistent with this literature (Marsh
et al., 2020), we calculated density as the number of tobacco retailers,
vape shops, and cannabis stores within one-half mile walking distance
(network buffer) of each school (geocoded by address, thus buffer is
computed from address point), which is among the commonly used
distances in the tobacco literature (D’Angelo et al., 2016; Henriksen
et al., 2008; Marsh et al., 2020). Tobacco retailer density is the count of
tobacco retailers and vape shops; Cannabis retailer density is all cannabis
retailers (medical and non-medical); and, Summed retailer density is the
sum of the tobacco/vape and cannabis retailer counts.

Past month substance use. The survey asked, “During the past 30 days,
on how many days did you use...”: “cigarettes,” “electronic cigarettes, e-
cigarettes, or other vaping device such as e-hookah, hookah pens, or
vape pens,” “marijuana (smoke, vape, eat, or drink)”; each of the three
variables was coded as 0 days = 1, 1 day = 2, 2 days = 3, 3-9 days = 4,
10-19 days = 5, and 20-30 days = 6. Tobacco/vape use is an ordinal
variable, created by taking the mean of past-month cigarette smoking
and vaping frequency variables; it ranges from 1 to 6 (1 = no smoking or
vaping in past 30 days and higher numbers represent more days of use).
Cannabis use is an ordinal variable categorizing the number of days in
the past 30 that the student used cannabis; coded 1-6, with higher
numbers representing more days of use. Co-use of tobacco and cannabis
(range 1-6) is the mean of the tobacco/vape use variable and the
cannabis use variable.

Control variables. Respondent-level controls included: sex (Male = 0;
Female = 1; we included a missing category because 6.5% of the full
sample did not answer = 2); race/ethnicity (Latino, Asian, Black, non-
Latino White, mixed race, Other; we include a “missing” category in
the analyses because over 10% of full sample were missing on this
variable); grade level (Middle school = 0; High school = 1); housing
arrangement, as a proxy for SES and family stability (lives in a home
with parent(s)/guardian(s) = 0; Other housing arrangement = 1); lan-
guage spoken in home (English = 0 vs. other = 1); depressive symptoms
(“During the past 12 months, did you ever feel so sad or hopeless almost
every day for two weeks or more that you stopped doing some usual
activities?” No = 0; Yes = 1; we included a missing category because
over 8% of sample did not answer), and school climate (mean of seven
questions about how strongly respondent agrees that: they feel a part of
this school, teachers treat students fairly, they feel safe in school, the
school is usually clean and tidy, teachers communicate with parents;
parents feel welcome to participate, school staff takes parent concerns
seriously; coded 1-5, with 5 being strongly agree). School-level controls
included percent of students eligible for free/reduced cost lunch and
school enrollment. Jurisdiction-level variables were percentage of resi-
dents under age 18, percentage non-White, and mean household income
(per $10,000).

” <

3.1. Statistical analysis

We first examined sample characteristics. To test our mediation hy-
potheses, we used structural equation models (SEM), following prior
research (Kowitt and Lipperman-Kreda, 2020). We hypothesized a priori
that outcomes would be clustered at jurisdiction and school levels and
planned to conduct a three-level hierarchical SEM. However, as current
substance use did not exhibit clustering at either level (intraclass cor-
relation coefficients were 1%), we fit a single-level model to simplify
estimation and improve convergence properties.

We ran models separately for tobacco/vape, cannabis, and co-use of
tobacco/vape and cannabis; for each substance use outcome we fit a
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SEM with an outcome pathway for past 30-day use regressed on
jurisdiction-level policy strength and school-level retailer density using
ordered logistic regression and a mediator pathway for school-level
retailer density regressed on jurisdiction-level policy strength using
linear regression. Both regressions included adjustment for jurisdiction-
and school-level covariates, and the outcome model additionally
included individual-level covariates. To evaluate our mediation hy-
pothesis, we estimated total, direct, and indirect effects using the
product method and calculated bootstrap standard errors and 95%
confidence intervals with 500 replicates. Analyses were restricted to
observations with available data on all analytic variables without use of
missing data techniques (e.g., FIML) due to computational complexity.
Comparisons between complete and incomplete observations are
described in Supplemental Table. Because these cross-sectional data do
not permit examination of causal mediation, we examine only potential
mediation. All analyses were conducted using the gsem function in Stata
16.1, which does not report SEM fit statistics, to incorporate non-
continuous outcomes.

4. Results

Table 1 presents local-, school-, and individual-level characteristics.
The mean policy strength across California cities was below 1 for to-
bacco/vape policy, 5.06 for cannabis policy, and 6 for combined to-
bacco/vape and cannabis policies, with large standard deviations
especially for tobacco policy and retailer density. Among California
middle and high school students, frequency of tobacco/vape, cannabis,
and co-use was low, with the median being 1 (corresponding to no use in
past 30 days) for all three measures. Prevalences (not shown) reveal that
approximately half (50.1%) of students had at least one tobacco/vape
retailer within 0.5 mi of their school, while less than 1% had a cannabis
retailer nearby. Prevalences of any past 30-day use (not shown) were
8.6% for tobacco/vape, 9.4% for cannabis, and 12.4% for co-use. Table 2
reveals some weak correlations between policy and retailer density
(positive for tobacco and negative for cannabis).

Fig. 1 presents results from structural equation models. Examining
past-month tobacco use (smoking and vaping), we observed a significant
total effect of tobacco/vape retail policy strength on lower 30-day to-
bacco use (OR [95% CI] = 0.989 [0.980, 0.999]), representing 1% lower
odds of tobacco use per 1 SD increase in policy strength. The observed
total effect was predominantly attributable to the direct effect (OR [95%
CI] = 0.989 [0.980, 0.998]). Indirect effects suggested that tobacco/
vape policy strength was significantly associated with small increases in
tobacco/vape retailer density (f [95% CI] = 0.042 [0.036, 0.047]), and
that tobacco retailer density was associated with significantly higher
odds of tobacco use (OR [95% CI] = 1.023 [1.018, 1.027]).

For cannabis, policy strength was associated with 7% lower odds of
30-day cannabis use per 1 SD increase (OR [95% CI] = 0.930 [0.920,
0.940]), primarily attributable to the direct effect (OR [95% CI] = 0.929
[0.921, 0.940]). Cannabis policy strength was significantly negatively
associated with cannabis shop density around schools (p [95% CI] =
-0.006 [-0.007, —0.006]), which was in turn not significantly associated
with cannabis use.

In terms of co-use of tobacco and cannabis, overall policy strength
was negatively associated with co-use (OR [95% CI] = 0.959 [0.951,
0.9671), largely a direct effect (OR [95% CI] = 0.960 [0.931, 0.969]).
Moreover, stronger policy was associated with lower summed retailer
density (B [95% CI] = -0.054 [-0.064, -0.054]), while summed retailer
density was, in turn, positively associated with co-use (OR [95% CI] =
1.023 [1.019, 1.027]).

Overall, findings support Hypothesis 1, that stronger retail envi-
ronment policies have direct associations with lower past 30-day sub-
stance use. They also provide partial support for Hypotheses 2 and 3.
Specifically, Hypothesis 2 is supported for cannabis and summed retailer
density; stronger cannabis policies are associated with lower cannabis
retailer density, and overall policy strength is associated with lower
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Table 1
Sample characteristics: middle and high school respondents to 2017-2018
California Health Kids Survey (N = 534,176).

Variable Min-Max Mean (SD) or Median
% (IQR)
Local-level retail environment policy strength
Tobacco (including vape) 0-3 0.95(1.1) 1(2)
Cannabis 0-6 5.06 (1.6) 6 (2)
Overall policy strength 0-9 6.01 (1.7) 6 (1)
Number of verified retailers within 0.5 mi of school
Tobacco retailers (including vape 0-19 1.37 (2.1) 1(2)
stores)
Cannabis 0-4 0.01 (0.1) 0(0)
Summed (Tobacco/vape plus 0-20 1.4 (2.1) 1)
cannabis shops)
Past-month tobacco and cannabis use (past 30-day freq, ordinal)
Tobacco and/or vape use 1-6 1.13 (0.6) 1(0)
Cannabis use 1-6 1.26 (0.9) 1(0)
Co-use of vape/cigarettes AND 1-6 1.19 (0.7) 1(0)
cannabis
Local-level covariates
Mean % Under 18 years 6.9-36.7 23.57 (4.3) 22.9 (5.4)
Mean % non-White 10.0-98.6  59.6 (21.1) 61.4 (33.1)
Mean household income (per 3.9-52.7 10.9 (4.1) 10.4 (4.5)
$10,000)
School-level covariates
Number of students enrolled 19-4722 1569 (851) 1458
(1282)
% Free/reduced cost lunch eligible 1.3-100 52.6 (26.5) 52.7 (47.9)
Individual-level covariates
School climate 1-5 3.5(0.7) 3.6 (0.9)
High school (vs. middle school) 63.6%
Depressed 29.7%
Female 49.2%
Race/ethnicity
non-Latino White 22.4%
non-Latino Asian 12.0%
non-Latino Black 3.4%
Latino 7.1%
Mixed race 40.3%
Other 6.3%
Primary language at home not 36.0%
English
Alternate housing 9.7%

Notes: Depression, sex, and race/ethnicity variables included a “missing” cate-
gory in analyses due to high non-response. Individual-level data come from 2017
to 2018 California Health Kids Survey; Jurisdiction-level data are from Amer-
ican Community Survey (2015-2019 5-year estimates); Policy strength data for
tobacco and vape came from American Lung Association 2017 State of Tobacco
Control Grades; Cannabis policy strength data came from the California
Cannabis Local Laws Database for 2018; Retailer locations were purchased from
a commercial data provider.
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summed (tobacco, vape, and cannabis) retailer density; however, for
tobacco, stronger policies are associated with higher retailer density.
Hypothesis 3 is supported for tobacco use and co-use; higher tobacco/
vape shop density is associated with higher odds of tobacco use, and
higher summed retailer density is associated with higher odds of co-use
of tobacco and cannabis.

5. Discussion

We extend the literature by examining associations between local
retail environment policy strength, density of retailer tobacco, vape, and
cannabis retailers around schools, and past-month use and co-use of
tobacco/vape and cannabis. In our California sample of middle and high
school students, the prevalence of past-month use of tobacco/vape,
cannabis, and co-use among was 8%, 10%, 6%, respectively, which is
comparable to other California studies’ estimates (2017-2018 California
Student Tobacco Survey reported past-month tobacco use among 4%
and 13% of middle and high school students, respectively) (Zhu et al.,
2019). Importantly, several novel findings contribute to the literature on
adolescent use of tobacco and cannabis. First, we observed protective
direct associations between policies related to tobacco and cannabis
retail environments and adolescent use and co-use of these products, and
some limited indirect effects through retailer density around schools.
While the data did not permit us to examine multi-level effects, factors at
all levels (jurisdiction, school, and individual) were significantly asso-
ciated with student use of tobacco/vape and cannabis, suggesting that
social ecological models are useful in understanding the complex factors
impacting individual health behaviors.

For all three outcomes (tobacco, cannabis use, and co-use of these
products), we found that stronger policies (e.g., local licensing
requirement, retailer location restriction, including e-cigarettes in to-
bacco regulations, cannabis storefront bans) were associated with lower
past-month use among adolescents. Although we hypothesized that
policies related to retail environment would operate through modifying
the retail environment, our results show that retail environment policies
can have protective associations with adolescent use, even if not through
retailer density. Prior studies provide similar evidence. For example, one
study found a weaker association between tobacco retailer density and
adolescent smoking in cities with stronger clean air policies, which
could be because clean air policies reinforce norms against youth
smoking (Lipperman-Kreda et al., 2012).

The second major finding was that stronger tobacco/vape policy was
associated with higher tobacco/vape retailer density around schools, but
the opposite was true for cannabis and combined retailer density. There
are several possible explanations for the counterintuitive association
between tobacco policy strength and retailer density. First, this associ-
ation may reflect reverse causation—it may be that stronger retail

Table 2
Bivariate Spearman correlations between key study variables (N = 534,176).
Tobacco Cannabis Overall Tobacco retailer Cannabis retailer Summed retailer Tobacco Cannabis Co-
policy policy policy density density density use use use
Tobacco policy 1.000
Cannabis policy —0.240 1.000
Overall policy 0.415 0.743 1.000
Tobacco retailer 0.079 —0.070 —0.021 1.000
density
Cannabis retailer 0.048 —0.065 —0.038 0.095 1.000
density
Summed retailer 0.079 —0.071 —0.021 0.998 0.125 1.000
density
Tobacco use —0.024 —0.001 —0.011 -0.003 —0.005 —0.004 1.000
Cannabis use 0.003 —0.021 —0.015 0.005 —0.001 0.005 0.601 1.000
Co-use —0.009 —0.014 —0.016 0.002 —0.004 0.002 0.822 0.878 1.000

Note: Individual-level data come from 2017 to 2018 California Health Kids Survey; Jurisdiction-level data are from American Community Survey (2015-2019 5-year
estimates); Policy strength data for tobacco and vape came from American Lung Association 2017 State of Tobacco Control Grades; Cannabis policy strength data came
from the California Cannabis Local Laws Database for 2018; Retailer locations were purchased from a commercial data provider.
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Total effect = 0.985%
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Fig. 1. Direct and indirect path coefficients of associations of local policy strength with individual-level tobacco & cannabis use and co-use, through retailer density
within ' mile of schools (N = 534,176). Note: Untransformed p coefficients (from linear regressions) for the indirect “a” pathway represents mean difference in
number of retailers within 0.5mi per 1 SD change in policy strength z-score. Odds ratios for direct and indirect “b” pathways represent odds ratios (from ordinal
logistic regressions) of reporting higher use in the past 30 days. 95% confidence intervals in parentheses. Asterisks denote pathways that are statistically significant
based on bootstrap 95% confidence intervals (500 replicates). Path “a” models control for city-level (% under age 18, % non-White, mean household income) and
school-level (school enrollment, % eligible for free/reduced cost lunch) variables, and path “b” models additionally control for individual-level school climate, grade
level, depressive symptoms, sex, race/ethnicity, language spoken at home, housing arrangements. Individual-level data come from 2017 to 2018 California Health
Kids Survey; Jurisdiction-level data are from American Community Survey (2015-2019 5-year estimates); Policy strength data for tobacco and vape came from
American Lung Association 2017 State of Tobacco Control Grades; Cannabis policy strength data came from the California Cannabis Local Laws Database for 2018;

Retailer locations were purchased from a commercial data provider.

environment policies are adopted in locales with greater need (for
instance, in response to retailer density or higher baseline rates of youth
tobacco use) or social acceptance of tobacco control regulation. Second,
the impact of policy may be concentrated among schools in particular
neighborhoods (although we control for several jurisdiction-level fac-
tors, we cannot examine neighborhood-level variation). For example, in
New York and Missouri, prohibiting sale of tobacco near schools pro-
duced greater density reductions in higher-risk (lower income and
higher proportion Black residents) than lower-risk neighborhoods
(Ribisl et al., 2016). Although the policy-retailer density association was
opposite than expected for tobacco, it was in the expected direction for
cannabis and summed retailer density. This is likely driven by the fact
that most jurisdictions banned cannabis storefronts (which was the
highest value on the policy strength measure).

Finally, both tobacco/vape and combined retailer density were
associated with higher past-month student use of tobacco and co-use of
cannabis and tobacco, respectively; however, the association was not
statistically significant for cannabis use alone. To date, the literature on
youth tobacco use and retailer density around schools has been mixed
(Finan et al., 2019) and difficult to assess due to methodological limi-
tations (Nuyts et al., 2019). We add to the few studies suggesting a
positive association between retailer density around schools and student
tobacco use (Chan and Leatherdale, 2011; McCarthy et al., 2009),
providing support for emerging evidence of the positive correlation
between cannabis retailer density around schools and homes and stu-
dent cannabis use (Firth et al., 2022). Future studies may also consider

replicating this analysis using additional retailer density measures such
as activity spaces, as our measure of density around schools is but one of
the ways to operationalize retailer density.

It is important to note that these findings, while significant, were
small in magnitude. However, retail environment policies are distal
causes of individual substance use and are not expected to be strongly
associated. Rather, these findings are of substantive importance,
showing that even small effects of city-level policies translate to
potentially large numbers of people affected (in health behaviors) at the
population level.

These findings should be interpreted with several limitations in
mind. First, the cross-sectional design does not allow us to examine
causal associations. While we used measures of policy strength that
preceded retailer density measures by one year to ensure temporality, it
is possible that a one-year lag is insufficient to capture reductions in
tobacco retailer density following policy implementation. However, for
cannabis, the lack of lag time may be less relevant because most juris-
dictions had policies in place early on—70% of jurisdictions that
allowed storefronts in 2018 had medical storefront legalization policies
in place at some point in 2017, with legalization policies in place for an
average of nine months of 2017. Second, we adjusted for jurisdiction-
and school-level demographic and socioeconomic factors related to
adoption of strong retail environment policy; however, residual con-
founding may remain, for example, due to variations in historical to-
bacco legislation or restrictiveness of commercial zoning laws. Further,
the CHKS design introduces some limitations. The non-probability
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sampling design of the CHKS limits inferences and precludes general-
ization to the whole California student population. Moreover, the survey
may not fully capture co-use because the survey question on vaping does
not specifically ask whether the student vaped cannabis or tobacco, thus
it is possible that some co-users reported both vaping and cannabis use
but could have vaped cannabis (something that cannot be ascertained
due to question wording). Nevertheless, the estimates of substance use
prevalence are comparable to other California student surveys, and the
very large sample and availability of school climate and other measures
make this among the best available datasets to answer the current
research question. Finally, the very low prevalence of cannabis retailers
near schools may limit power to detect associations; considering the
dynamic nature of local cannabis laws, future studies should replicate
with more recent data, and consider additional mechanisms linking
cannabis policy strength and adolescent cannabis use. Regardless, this
study provides novel and important evidence from a large, statewide
student sample showing that retailer density is associated with past-
month use and co-use of tobacco and cannabis.

Overall, findings point to an important link between local retail en-
vironments policies around tobacco and cannabis—such as local
licensing ordinances, restrictions on retailer locations, and for cannabis,
storefront bans—and adolescent use and co-use of tobacco and cannabis.
Notably, stronger tobacco retail environment policies are associated
with higher retailer density around schools, suggesting that for tobacco
retail, policy implementation may be reactive to an unhealthy retail
environment. Conversely, the proactive bans on cannabis storefronts are
associated with lower retailer density around schools. Considering that
jurisdiction-level tobacco and cannabis retail environment policies are
associated with adolescent use of these substances, policymakers could
proactively leverage such policies to curb youth tobacco and cannabis
use.
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