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Abstract

Introduction: We conducted a cumulative environmental health risk assessment of whether specialty vape
shops and poor air quality are more likely to co-occur in socially disadvantaged neighborhoods where racial/
ethnic minority youth live.

Methods: We examined the population-adjusted incidence of specialty vape shops in relation to youth race/
ethnicity, neighborhood socioeconomic status (SES), and air quality (nitrogen dioxide [NO,]) at the census
tract level across the conterminous United States for 2018.

Results: We did not find disparity in vape shop incidence related to minority youth race/ethnicity. Vape shop
incidence was significantly negatively associated with all the youth race/ethnicities examined. The two lowest
SES quintiles had nearly double the rate of specialty vape shop incidence compared with the highest SES quin-
tile. Specialty vape shop incidence increased with NO, concentration, with more vape shops in poor air quality
neighborhoods.

Conclusions: Specialty vape shops are disproportionately present in neighborhoods with poor air quality and
where socially disadvantaged youth live. The increased incidence of vape shops in poor air quality neighbor-
hoods, particularly in an urban context with increased traffic emissions, further points to potentially dispropor-
tionate impacts on disadvantaged populations due to cumulative social and environmental risks. This raises
environmental justice and health equity concerns. Retailer-focused strategies aimed at limiting youth exposure
to electronic cigarettes' labeling and advertising, preventing sales to minors, and limiting the number of retailers
in low-SES neighborhoods may reduce initiation and help prevent tobacco-related health disparities among
youth.
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Introduction

Socioeconomic status (SES) is an important risk factor
for both tobacco use and tobacco-related disease, with a
positive association between SES and health.' Low-
SES communities in the United States experience
tobacco-related health disparities that worsen health
status and shorten life expectancy.">* Inequities in ex-
posure to tobacco marketing and advertising, exposure
to environmental tobacco smoke, tobacco use, and
access to cessation programs contribute to tobacco-
related health disparities for low-SES communities."”®

Of concern is that low-SES communities in the
United States, particularly children and the elderly,
are also disproportionately exposed to environmental
hazards and their health impacts.””'* Social stressors
such as low-SES may interact with environmental ex-
posure, worsening health outcomes.'"'*'* Commun-
ities of low SES or those with high proportions of
racial/ethnic minorities tend to have increased social
and economic vulnerabilities. Cumulative exposure
to environmental hazards may cause greater harm to
health than would likely occur in the absence of those
vulnerabilities.'"'>'*

Tobacco-related health disparities are a function of
the interplay of individual, physical, and social fac-
tors. Therefore, cumulative risk assessments'>'> and
other socioecological approaches'® may be particu-
larly useful for understanding and addressing
tobacco-related health disparities. Such approaches
aid in identifying both the root causes of tobacco-
related health disparities and the populations that
are concurrently exposed to multiple social and envi-
ronmental hazards.>'>'*

The role of the tobacco retail landscape in tobacco-
related health disparities has received increased atten-
tion, including the opportunities it presents for tobacco
control and eliminating disparities.*'” For traditional
tobacco products, studies suggest that retailers are
more numerous and more dense in racial/ethnic mi-
nority and low-SES communities and are broadly asso-
ciated with disparities in exposure to tobacco marketing,
tobacco use, and tobacco-related diseases.”>*>'®

Recent studies also suggest that the retail land-
scape for electronic nicotine delivery systems (hence-
forth, e-cigarettes), as with traditional tobacco retailers,
poses environmental health risks to youth."*”>" Consis-
tent with a trend over the past several years, data from
the 2020 National Youth Tobacco Survey show that
e-cigarette was the most commonly used tobacco prod-
uct among youth attending school.”” Retailers spe-
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cializing in tobacco products, such as vape shops, are
among the most common sources of e-cigarettes for
youth after social sources.”>**

E-cigarette retailer density and proximity are associ-
ated with higher exposure to e-cigarette advertisements
and e-cigarette use among youth.">*® Taken together,
these studies suggest that vape shops are features of the
built environment that can be a source of harm to health
through youth exposure to tobacco product labeling and
advertising. Therefore, vape shops are themselves asso-
ciated with an environmental health risk to youth.

Available national assessments report disproportion-
ately higher density of vape shops in socially disadvan-
taged® and racial/ethnic minority neighborhoods.”"*>
This is of concern as recent reports indicate that stu-
dents from socially disadvantaged communities attend-
ing Title 1 schools (schools with high numbers or high
percentages of students from low-income families) are
susceptible to e-cigarette use.*

Hispanic high schoolers are more likely to be suscepti-
ble to e-cigarette use compared with their non-Hispanic
counterparts.”” Among Hispanic youth, use prevalence
was highest for e-cigarettes compared with other prod-
ucts. For non-Hispanic Black or African American
youth, e-cigarette use prevalence (6.2%) is similar to
use prevalence for cigars (6.5%), the tobacco product
most commonly used by this population.*” These factors
raise health concerns, given reports of respiratory symp-
toms in youth associated with e-cigarette use.”*™>°

These reports also raise environmental justice (EJ)
concerns. Executive Order 12898 and the associated
Council on Environmental Quality guidance direct fed-
eral agencies to identify and address EJ aspects of
their activities. Following this, the Federal Interagency
Working Group on EJ recommends that federal agen-
cies consider the potential for environmental health
hazards to disproportionately affect minority and
low-income populations through the National Envi-
ronmental Policy Act processes.”"

Identifying and addressing disproportionately high
and adverse human health and environmental ef-
fects on low-income populations and American Indi-
an/Alaska Native communities are goals for the U.S.
Department of Health and Human Services as part
of strategic elements of EJ.”> Additionally, Executive
Order 13045 encourages federal agencies to identify
and assess environmental health and safety risks that
may disproportionately affect children.

As nascent sources of exposure, vape shops are a fea-
ture of the built environment that can be a source of
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harm to health through exposure of youth to tobacco
labeling and advertising, and e-cigarette retailers may
contribute to the cumulative environmental health
risks faced by low-SES and minority communities
who already bear disproportionate impacts of tobacco-
related health disparities.' ">

Little evidence exists regarding whether vape shops
contribute to the cumulative social and environmental
risks experienced by low-SES and minority youth.
Such EJ assessments of the vape shop retail landscape,
in relation to marginalized populations and other co-
occurring environmental hazards, may aid efforts tack-
ling health disparities from tobacco use among youth.>!

In this study, we used a place-based approach to ex-
amine the co-occurrence of two environmental health
risks—specialty vape shops and poor air quality—as
well as a social stressor (SES). We further examined
whether these factors co-occur in places where youth
who belong to racial/ethnic minority communities live.
Specifically, we examined the statistical relationships of
the presence of specialty vape shops with youth race/
ethnicity, a composite SES indicator (as a measure of so-
cial stress), and an ambient air quality indicator (as a
measure of exposure to environmental hazards) at the
census tract level across the conterminous United States.

Methods

Ethics approval and consent to participate

The study did not involve any human participants or
personally identifiable information, and used secon-
dary data collected from publicly available sources
(e.g. Census bureau). Therefore, ethics approval and
consent to participate were not applicable.

Specialty vape shop data
A restricted definition of vape shops is appropriate for an
accurate assessment of the socioenvironmental correlates
of specialty vape shops. Tobacco retailers carrying a vari-
ety of product types outnumber specialty vape shops. In
addition, the association of traditional tobacco retailers
with minority and low-income communities is well estab-
lished. Hence, a restrictive definition, excluding establish-
ments that sell tobacco products other than e-cigarettes,
helps reduce the potentially confounding influence of to-
bacco retailers carrying varied tobacco products.”**>

We utilized the national specialty vape shop data and
methods that were employed for identifying and locat-
ing 7475 specialty vape shops throughout the conter-
minous United States for 2018 (Supplementary data
file_specialtyvapeshops).”’ We mapped the specialty
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vape shop location data from the study by Venugopal
et al.>' to the 5-year estimates of the 2014-2018 Amer-
ican Community Survey geodatabase census tracts
across the conterminous United States.

We derived the vape shop counts within 71,927 cen-
sus tracts, excluding tracts with 100% water area or
zero population and three vape shops, each located in
zero-population tracts.

Race/ethnicity data among youth
Racial/ethnic diversity is higher among youth, the pop-
ulation of interest examined in this study, compared
with the overall U.S. population.”* Therefore, we used
youth race/ethnicity data rather than data from the en-
tire population. We obtained the census tract-level de-
mographic data on age group/sex/race estimates from
the Census Bureau’s American Community Survey 5-
year data profile tables (B01001 table series; 2014-2018).
We then compiled data on the number of persons
below 18 years of age (henceforth, youth) by race/ethnic-
ity of interest (White alone, not Hispanic or Latino; Black
or African American alone; Hispanic or Latino; Ameri-
can Indian or Alaska Native alone; and Asian alone)
and calculated the percentages in each census tract.

SES as a social stressor

We used the composite SES index data available
from the Surveillance, Epidemiology, and End Results
census tract-level SES database.”® The SES index is
derived from seven variables (percent working class
population, percent adult unemployment, educational
attainment, median household income, percent of pop-
ulation living below 150% of the national poverty line,
median rent, and median home value).

The SES composite index is categorized in quintiles of
equal population size, with the first quintile (Group 1)
representing the lowest and the fifth quintile (Group
5) representing the highest SES.”® We obtained the cen-
sus tract SES quintile data (2013-2017) and overlaid
them with the vape shop counts and race/ethnicity
data. Due to differences in SES composite index data
availability at the census tract level, 102 of 7475 specialty
vape shops (1.4%) in 2333 census tracts were excluded.

SES quintile data were integrated with vape shop
counts and race/ethnicity data for 69,594 census tracts
(Supplementary data file_Censustractsdata).

Air quality indicator as an environmental hazard
We used nitrogen dioxide (NO,) as an environmental
hazard indicator variable. NO, is used as an overall
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indicator of air pollution and air quality, especially for
traffic-related air pollutants.”” Long-term NO, expo-
sure is associated with increased incidence of pediatric
asthma and respiratory infections.*”*®

We utilized a global, high spatial resolution (0.01° x
0.01°), annual average, NO, surface concentration
dataset®®>” for 2018. We used zonal statistics to aggre-
gate and calculate median NO, concentration (ppb) at
each U.S. census tract.

Statistical analyses

At the census tract level, we generated summary statis-
tics of youth race/ethnicity and socioenvironmental at-
tributes by the number of specialty vape shops. We
generated summary statistics for both the broader data-
set of vape shop counts by census tracts and the dataset
used for final analyses. We first examined spatial auto-
correlation in vape shop counts per census tract using
Global Moran’s I test statistic with a first-order queen
contiguity spatial weight matrix, defining the neighbor-
hood structure of each census tract.

We removed 17 census tracts without defined neigh-
bors from the 69,594 tracts, one of which contained a
single vape shop. We tested the statistical significance
of Global Moran’s I value using a permutation test
(Monte Carlo simulation; 999 permutations) and gen-
erated a spatial lag variable.

We analyzed the statistical association of vape shop
counts in the remaining 69,577 census tracts with
youth race/ethnicity, SES, and median NO, using a
generalized linear mixed-effects model (GLMM). First,
we ran multiple candidate models fitted using maxi-
mum likelihood and Laplace approximation. The can-
didate models contained vape shop count as a response
variable; race/ethnicity, SES, and NO, as predictor
variables; natural log of census tract population as an
offset variable; and spatial lag variable as a random ef-
fect to account for potential spatial autocorrelation.

Race/ethnicity data on White alone, Hispanic, or La-
tino youth were excluded from the analysis given the
focus on examining census tract-level vape shop den-
sity associations with proportions of minority youth
and to avoid multicollinearity. We ran Poisson, neg-
ative binomial, zero-inflated Poisson, zero-inflated
negative binomial, and truncated Poisson hurdle or
truncated negative binomial hurdle GLMMs, all with
log link functions. We then selected the best-fit and
parsimonious model based on the combination of
Akaike information criteria and Bayesian information
criteria, with lower values indicating better fit.
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We used Wald y? tests to determine the statistical
significance of the predictors in the selected model.
We ran post hoc comparisons among SES quintiles
using Dunnett’s test with SES Group 5 (highest SES)
as the control group and report the incidence rate ra-
tios and their 95% confidence intervals.

We performed all spatial and statistical analyses
using the R program.** We used R packages, arse-
nal*' for summary statistics, spdep*>*’ and raster**
for spatial analysis and overlays, gimmTMB* for the
GLMM, multcomp46 for the Dunnett test, and perfor-
mance*’ for checking multicollinearity. We extracted
and plotted model estimates with the package sjPlot.*®

Results

Summary statistics

We provide summary statistics of census tract-level
youth race/ethnicity and socioenvironmental attributes
by the number of specialty vape shops in Supplemen-
tary Table S1. Of the 69,577 census tracts used for
the analysis, 91.71% had no specialty vape shops,
8.00% had one, 1.03% had two, 0.13% had three, and
0.03% had four or more specialty vape shops. Com-
pared with census tracts with no vape shops, those
with higher numbers of vape shops had a larger total
population. Compared with census tracts with fewer
vape shops, census tracts with more vape shops had
higher numbers of youth who were Hispanic or Latino,
Asian alone, or American Indian/Alaska Native alone,
but lower numbers of youth who were Black or African
American alone.

A higher proportion of SES Group 5 (highest SES)
was found in census tracts with no vape shops than
in census tracts with vape shops. Median NO, con-
centrations were higher in census tracts with more
vape shops, compared with census tracts without vape
shops. In addition, the summary statistics of race/
ethnicity and air quality data were similar between
the final dataset used for statistical analysis and the
larger vape shop counts at 71,927 census tracts (not
shown).

Specialty vape shops versus

socioenvironmental factors

Global Moran’s I test statistic and density plot of per-
mutation outcomes (not shown) indicated significant
global spatial autocorrelation in specialty vape shop
counts in census tracts across the United States (Global
Moran’s I=0.044, p=0.001). As per model selection re-
sults, we analyzed the statistical association of vape
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shop counts at census tracts with race/ethnicity, SES,
and median NO, variables using a negative binomial
GLMM (Supplementary Table S2). Model diagnostics
did not raise multicollinearity concerns, as indicated
by the variance inflation factors (range 1.02-1.33)
and tolerance values (range 0.73-0.98) (Supplementary
Table S3).

Among youth, specialty vape shop incidence was
significantly negatively associated with all the race/
ethnicity categories we examined, with overall weak
strength of associations, as indicated by incidence
rate ratios (Table 1). At the census tract level, the num-
ber of vape shops decreased in relation to the pro-
portion of youth represented by each race/ethnicity
category. We did not find disparity in vape shop inci-
dence related to youth race/ethnicity.

As reported in Table 1, our results show a gradient in
specialty vape shop incidence by SES. Multiple com-

Table 1. Association of Specialty Vape Shop Counts
with Youth Race/Ethnicity and Socioenvironmental
Attributes at the Census Tract Level Across

the Conterminous United States, 2018

Incidence Wald
rate ratios Va4
Predictors (95% CI)® value pb
Race/ethnicity of youth
Black or African 0.99 (0.99-0.99) 154.950 <2.2e-16
American alone
Asian alone 0.99 (0.98-0.99) 13.169 0.0003
American Indian/Alaska 1.00 (0.99-1.00) 1.855 0.1735
Native alone
Hispanic or Latino 0.99 (0.99-0.99) 197.315 <2.2e-16
Socioeconomic status 280.2698 <2.2e-16
[control: Group 5 (highest
socioeconomic status)]
Socioeconomic status 1.60 (1.47-1.74) 11.11°¢ <2.2e-16
[Group 4]
Socioeconomic status 1.78 (1.64-1.94) 13.44¢ <2.2e-16
[Group 3]
Socioeconomic status 1.98 (1.82-2.16) 15.66° <2.2e-16
[Group 2]
Socioeconomic status 1.94 (1.77-2.13) 13.86° <2.2e-16
[Group 1 (lowest
socioeconomic status)]
Nitrogen dioxide 1.07 (1.06-1.07) 335.6670 <2.2e-16
concentration
(median; ppm)
Random effects
o? 2.10
T00 spatial lag 0.05
ICC 0.02
Observations 69577

“Incidence rate ratios and intervals are back-transformed from the log
scale.

PValues in bold are statistically significant (o= 0.05).

€Z-value estimates for post hoc comparisons using Dunnett’s test.

Cl, confidence interval; ICC, intraclass correlation coefficient.
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parisons using Dunnett’s test, with the highest SES
(Group 5) and most privileged as the baseline compar-
ator, indicated a significantly higher number of vape
shops in all other SES quintile groups (Table 1 and
Fig. 1). In particular, the two lowest SES quintiles
(Groups 1 and 2) had nearly double the rate of specialty
vape shop incidence compared with the highest SES
quintile (Group 5) (Table 1 and Fig. 1).

Specialty vape shop counts were significantly posi-
tively associated with median NO, concentration at
the census tract level, adjusting for population differ-
ences. NO, concentration increased by 7.00% in asso-
ciation with increasing vape shop incidence (Table 1
and Fig. 2).

Discussion

The recent rapid increase in e-cigarette use prevalence
among youth and young adults and the concomitant
growth of the e-cigarette marketplace have raised pub-
lic health concerns.'”**?* To assess whether this mar-
ketplace may be contributing to the cumulative risks to
which marginalized youth are exposed, we examined
the association of specialty vape shop incidence with
youth race/ethnicity, neighborhood SES, and air qual-
ity. Our results identify the disproportionate occur-
rence of specialty vape shops in low-SES and poor air
quality neighborhoods. This is consistent with reports
of disproportionate concentration of traditional to-
bacco retailers in low-SES communities.>

Our results did not identify disparities in vape shop
incidence in relation to youth race/ethnicity at the
census tract level. In this respect, the distribution of
specialty vape shops differs from that of traditional to-
bacco retailers, which are disproportionately distrib-
uted in racial/ethnic minority neighborhoods.”

We believe our study is the first to characterize spe-
cialty vape shop association among youth with cumu-
lative social stressors (SES) and environmental hazard
attributes nationally. We identify disparities in vape
shop incidence at the census tract level based on strict
criteria for inclusion of vape shops, thereby controlling
for confounding effects of tobacco retailers selling dif-
ferent products.”!

This approach differs from previous national assess-
ments that either include retailers that also sell other
tobacco products® or operate at the school district
level.>' Employing a robust SES measure that indi-
cates social advantages/disadvantages is a strength of
our study. Previous national and regional assess-
ments examining vape shop density association with
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neighborhood SES used one or few specific indicator
variables (education, owner occupied housing, and in-
come/poverty), with mixed results. For example,
among national assessments, Dai et al.*® found no sig-
nificant association of poverty and vape shops, while
Venugopal et al.>' found a negative association.
Furthermore, due to our focus on cumulative risks ex-
perienced among youth, we examined race/ethnicity as-
sociations using census race/ethnicity data only for the
population under the age of 18. At the census tract
level, we found that the numbers of specialty vape
shops decreased in relation to the proportion of youth
represented by each of the race/ethnicity categories we
examined. Particularly, we did not identify disparity in
vape shop incidence in relation to youth race/ethnicity.
This result contradicts findings of previous national
assessments that used race/ethnicity data for the overall
U.S. population; these studies found positive associa-
tions between vape shop density and the proportions
of racial/ethnic minority populations.*"*> The diver-

gent results could be attributed to the higher racial/ethnic
diversity among youth, with increased minority propor-
tion, compared with the overall U.S. population.*

On the other hand, our findings are consistent with
Dai et al.*” who reported a negative association of vape
shop density with percentage of people under 18 years
of age in urban areas.

Broadly, our results help contextualize socioenviron-
mental determinants that may lead to tobacco-related
health disparities in relation to e-cigarette products
and the retail marketplace. The disproportionate oc-
currence of both specialty vape shops and traditional
tobacco product retail outlets in low-SES neighbor-
hoods raises public health concerns. Furthermore, the
inequitable distribution of specialty vape shops in
low-SES and poor air quality neighborhoods raises E]J
and health equity concerns.

Recent reports indicate that e-cigarette usage may be as-
sociated with higher likelihood of asthma and chronic ob-
structive pulmonary disease.®*>° The disproportionate
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distribution of specialty vape shops in low-SES neighbor-
hoods may provide marginalized youth with greater access
and exposure to e-cigarette products, marketing, and
advertising, which may potentially result in greater
use' 7192922 and disproportionate health impacts.
In addition, chronic exposure to NO, concentrations
is associated with the development of asthma and in-
creased susceptibility to respiratory infections, espe-
cially among youth.””*

Particularly, lower-income populations in the United
States are disproportionately exposed to outdoor, resi-
dential, average NO, concentrations than higher-
income populations.”'® The increased incidence of
vape shops in poor air quality neighborhoods, particu-
larly in an urban context’* with increased traffic
emissions,”” further points to potentially dispropor-
tionate impacts on disadvantaged populations due to
cumulative social and environmental risks.

Our study results should be interpreted with several
limitations in mind. We employed a cross-sectional de-
sign examining a highly dynamic retail sector using a
dataset compiled before regulatory implementations,

such as restrictions on certain flavored tobacco prod-
ucts, and the global COVID-19 pandemic. The
race/ethnicity findings in our study are not reflective
of multiracial youth who are not Hispanic or who be-
long to other racial/ethnic categories that we did not
examine.

We excluded vape shops that sell other tobacco
products along with e-cigarettes to reduce their po-
tentially confounding influence on associations at
the census tract level. These retailers are still sources
of exposure to tobacco product marketing and sale,
and our findings may not reflect their influence. In
addition, 1.40% of the total specialty vape shops
were not included in the census tract data for final
analysis due to differences in SES composite index
data availability.

We suspect this is a relatively minor factor that is un-
likely to have affected results as the summary statistics
of race/ethnicity and air quality data were similar be-
tween the reduced and the larger datasets. Finally,
our study findings are limited in terms of drawing in-
ferences about actual disparities in health outcomes;
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rather, our results are most useful for identifying socio-
environmental contexts and determinants that may po-
tentially lead to tobacco-related health disparities.

Nevertheless, we provide an overall robust EJ as-
sessment characterizing U.S. specialty vape shops as
cumulative environmental health risk factors for disad-
vantaged populations.

Our results—the inequitable occurrence of vape
shops in low-SES neighborhoods—provide context
for understanding potential disproportionate impacts
on disadvantaged communities, especially youth, which
may result from the increased presence of e-cigarette
retailers in their neighborhoods. This may include
increased exposure to e-cigarette labeling and adver-
tising and increased opportunities to purchase
e-cigarettes.'>'2%:2

This finding may provide useful background infor-
mation for the U.S. Food and Drug Administration’s
review of applications to market e-cigarette tobacco
products (e.g., Pre-Market Tobacco Applications and
Modified Risk Tobacco Product Applications), particu-
larly in terms of impacts on marginalized popula-
tions.*”*® Our results may also inform postmarket
reporting requirements related to advertising and pro-
motion of e-cigarette tobacco products in retail set-
tings, similar to those described in the market orders
for General Snus smokeless tobacco products.”’

As disadvantaged communities are disproportion-
ately exposed to e-cigarette retailers, our results add
to growing evidence on the e-cigarette retail environ-
ment as an appropriate locus for policies to improve
equity.'*?*? Retailer-focused strategies aimed at limit-
ing youth exposure to e-cigarette labeling and advertis-
ing; preventing sales to minors; and limiting retailers in
low-SES neighborhoods may reduce susceptibility and
initiation and help prevent tobacco-related health dis-
parities due to youth e-cigarette use,>172¢

Our results may inform policy efforts, such as local
ordinances, which limit tobacco retail licenses based
on overall density of tobacco outlets to prevent dispro-
portionate impacts on socially disadvantaged com-
munities. Our results may also help target efforts to
prevent youth initiation and curb youth vaping (e.g.,
health education curricula and public education cam-
paigns) in socially disadvantaged neighborhoods.

Overall, our study provides a baseline characteriza-
tion of how specialty vape shops contribute to the cu-
mulative social and environmental hazards to which
socioeconomically disadvantaged youth are exposed.
Study findings can provide useful contextual informa-

139

tion for regulators and may inform future research
and local policy efforts aimed at reducing tobacco-
related health disparities and promoting equity.
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