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ABSTRACT

This study characterizes vape shop closings, openings, and changes in product mix in six U.S. metropolitan
statistical areas with different tobacco and marijuana policies. With concern for higher rates of marijuana use
among those who vape nicotine, the presence of marijuana-related terms in store names was also assessed. A
census of stores that were classified online as vape shops/stores or vaporizer stores were telephoned in April-May
2018 (n = 739) and July-September 2019 (n = 919) to verify whether vape products and other tobacco products
(OTP) were sold. We computed the percent of stores that closed, opened, and started/stopped selling OTP.
Multilevel models tested whether these events varied by store type and by neighborhood demographics. Within
16 months, 11.5% of 739 stores had closed and 29.8% of 919 stores at follow-up had opened. Closings were more
likely among vape-only than vape + OTP stores (AOR = 2.51, 95% CI = 1.47,4.29); vape-only stores were less
likely to open (AOR = 0.46, 95% CI = 0.34,0.62). Regardless of store type, the odds of a store opening increased
as the proportion of non-Hispanic/Latino White residents in the census tract increased (AOR = 1.47, 95% CI =
1.18,1.85). Overall, 2.0% of stores (vape-only and vape + OTP) had marijuana-related names at baseline and
3.5% at follow-up. The observed change (1.6% to 5.8%) was greatest in Oklahoma City, where the state legalized
medical marijuana between baseline and follow-up. More stores were opening than closing in six U.S. metro-
politan statistical areas before statewide sales restrictions on flavored tobacco and COVID-19. Uniform licensing
is recommended to define vape shops and track their location and sales practices.

1. Introduction

the District of Columbia) required a tobacco retail license by the end of
2020. (Centers for Disease Control and Prevention, 2021) In addition,

Brick-and-mortar vape shops face an uncertain future in the U.S.
Reflecting concerns about e-cigarette use among youth and e-cigarette,
or vaping, product-use associated lung injury (EVALI), seven U.S.
states issued temporary bans on flavored e-cigarette sales in fall 2019.
(Campaign for Tobacco-Free Kids, 2021) By February 2021, five U.S.
states and at least 300 localities prohibited the sale of flavored e-cig-
arettes or flavored tobacco altogether. (Campaign for Tobacco-Free
Kids, 2021) Although tobacco retail licensing is recommended to
establish and enforce such regulation, only 39 U.S. states (including
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9 of the 39 states do not require a retail license to sell e-cigarettes.
(Centers for Disease Control and Prevention, 2021)

In contrast to e-cigarettes and other tobacco products (OTP), the retail
environment for marijuana is moving toward deregulation, with 11 states
legalizing retail sales for non-medical use as of July 2019. (Schauer et al.,
2020) In retail markets where regulation of e-cigarettes is increasing and
marijuana is decreasing, anecdotal evidence suggests that some vape
shops either transitioned their product mix to include conventional to-
bacco or abandoned tobacco to sell marijuana. (Tully, 2020)
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Understanding the rates of openings, closings and product shifts
could aid in evaluating potential impacts of regulatory policies, as well
as the COVID-19 pandemic, on the tobacco retail environment. Previous
studies that tracked vape shops going out of business were conducted in
California. In Long Beach, 53% of vape shops (9 of 19) closed between
2015 and 2018, and no new stores opened. (Lanza and Pittman, 2019) In
the greater Los Angeles area, 44% (34 of 77) of vape shops closed during
roughly the same time period. (Galimov et al., 2020) Expanding on this
literature, the current study characterizes openings, closings, and tran-
sitions in product mix for vape shops/vaporizer stores, and did not
exclude stores that sold OTP. Given the growing proportion of youth and
young adults who vape marijuana (Schulenberg et al., 2020) and a
higher incidence of marijuana use among those who vape nicotine,
(Chadi et al., 2019) this study also investigated the proportion of store
names that referenced marijuana to understand how tobacco retailers
might appeal to dual users.

2. Methods

This study describes a census of stores that were identified online as
vape shops or vaporizer stores, and were verified to sell vape products at
two time periods in six metropolitan statistical areas: Atlanta-Sandy
Springs-Roswell, Georgia; Boston-Cambridge-Newton, Massachusetts;
Minneapolis-St. Paul-Bloomington, Minnesota; Oklahoma City, Okla-
homa; San Diego-Carlsbad, California and Seattle-Tacoma-Bellevue,
Washington. These six areas were selected to represent different re-
gions and policies related to tobacco (e.g., excise tax, smoke-free, vape-
free air restrictions). (Berg et al., 2020a) In addition, Oklahoma City and
Atlanta-Sandy Springs-Roswell areas are located in states that did not
require a retail license to sell e-cigarettes. (Centers for Disease Control
and Prevention, 2021) At baseline, retail sales of non-medical marijuana
were legal in the San Diego-Carlsbad and Seattle-Tacoma-Bellevue
areas; medical marijuana sales were legal in the Minneapolis-St. Paul-
Bloomington area. Three metropolitan statistical areas did not allow
marijuana sales (Atlanta-Sandy Springs-Roswell, Boston-Cambridge-
Newton, and Oklahoma City). Between baseline and follow-up, sales of
non-medical marijuana began in Massachusetts and medical marijuana
sales began in Oklahoma.

Vape shops were identified from Yelp and Google because the
combination performed better than either source alone to enumerate
vape shops in a ground-truthing study. (Lee et al., 2016) Yelp has one
predefined store type category called “vape shops.” Google Maps does
not have equivalent categories for application program interface (API)
queries. Since the store type “vaporizer store” exists in scraped Google
Maps records, that term was used in our API queries. The method for
identifying vape shops in the six metropolitan statistical areas in
November-December 2017 was to query REST APIs (“API query”)
provided by Yelp Graph QL for stores classified as “vape shops,” and to
query Google Maps API for stores classified as “vaporizer store.” (Berg
et al., 2020a) In April 2019, the Google Maps API query was updated
to incorporate the terms “vape shop” and “vape store.” Previous
research confirms that vape shop owners commonly register their
businesses on websites to increase store visibility. (Cheney et al.,
2015) According to Yelp, it takes two days to post a new business on
their website once a request has been made. New businesses can also
appear based on information from users, public records, or third-party
vendors (Yelp Support Center, 2021).

Store addresses were geocoded to latitude/longitude, census tract,
and metropolitan statistical area using ArcGIS v10.4.1. Of the 1,148
unique stores, 99.1% could be mapped to latitude/longitude. Research
staff used the same telephone protocol to verify whether stores were in
business and sold vape products at baseline (April-May 2018) and
follow-up (July-September 2019), roughly 16 months later. Staff asked
store employees whether other tobacco products were sold (vape +
OTP) or not (vape-only). Stores that could not be reached by telephone
were confirmed as permanently closed using an online search of Google,
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Yelp, and/or Facebook. Stores that were new to the sampling frame at
follow-up (did not appear on the list at baseline) and verified by tele-
phone to sell vape products were categorized as openings. Stores that
changed their product mix by starting or stopping the sale of OTP, or by
discontinuing the sale of vape products, were categorized as transitions.
Contact rates were 97.6% for stores identified at baseline and 75.8% for
stores newly identified using API queries at follow-up.

3. Analyses

Descriptive statistics summarized 1) the proportion of stores at
baseline that were classified at follow-up as: a) closed, b) open and still
selling vape products, and c) open but stopped selling vape products,
and 2) the proportion of stores at follow-up that were new. Descriptive
statistics also compared the proportion of baseline stores that transi-
tioned their product mix, by adding or removing OTP or by stopping the
sale of vape products.

Multilevel logistic regression models (stores nested within 6 metro-
politan statistical areas) were used to predict store status at follow-up.
The primary analyses examined whether vape shop closings (stores
closed for business at follow-up) and openings (stores new to follow-up)
varied by store type (referent category = vape + OTP) and census tract
demographics. For closings, store type was assessed at baseline; for
openings, store type was assessed at follow-up. A third model assessed
transitions in product mix from baseline to follow-up as a function of
store type and census tract demographics. These data (median house-
hold income, population density, percent of population non-Hispanic/
Latino White, and percent of population ages 5-17 and ages 18-24)
were obtained from the American Community Survey census tract-level
estimates (2013-2017) and standardized within metropolitan statistical
areas before merging with store data. Models included a random inter-
cept. There was insufficient clustering within tracts to warrant a 3-level
model. Analyses used IBM SPSS Statistics for Windows, Version 26.0.

4. Store names

To assess the presence and change over time of marijuana-related
terms in the names of vape-only and vape + OTP stores, we compiled
a list of search terms from the Glossary of Cannabis Terms on leafly.com,
used in prior research about tobacco and marijuana co-marketing.
(Delnevo et al., 2020) Based on our inspection of tobacco retailer
licensing lists in other states, we added three terms: “glass,” “haze,” and
“toke.” We used R version 3.6.1 (R Core Team, 2019), and the stringr
(version 1.4.0; Wickham, 2019) and dplyr (version 1.0.0; Wickham
et al., 2020) packages, to query and code marijuana-related store names
if one or more of the search terms appeared, and to calculate descriptive
statistics at baseline and follow-up.

5. Results

Table 1 characterizes the status of stores at both time points, including
closings from baseline to follow-up, new openings, and transitions in
product mix (vape-only, vape + OTP or stopped selling vape products).
Overall, 11.5% of stores had closed for business by follow-up (15.0% of
vape-only and 6.2% of vape + OTP). The proportion of closings ranged
from 9.5% of stores in the Boston metropolitan statistical area to 14.4% of
stores in the San Diego area (see supplemental table). As shown in Table 2,
compared to vape + OTP stores, vape-only stores were more than twice as
likely to close at follow-up (AOR = 2.51, 95% CI = 1.47,4.29). Store
closings did not significantly vary by neighborhood demographics.

Across the six metropolitan statistical areas, 919 stores were oper-
ating at follow-up, which represents a 24.4% increase over 16 months.
Overall, 274 follow-up stores (29.8% of total) were new stores that did
not appear on the list at baseline. The proportion of store openings
ranged from 25.8% in both the San Diego and the Seattle metropolitan
statistical areas to 38.0% in the Minneapolis area (see supplemental
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Table 1
Descriptive statistics of store openings, closings and transitions by store type in
six metropolitan statistical areas after 16 months.

Vape-only Vape + Total
OTP
Status of baseline stores at follow- n = 448 n =291 n =739
up’
Closings 67 (15.0%) 18 (6.2%) 85 (11.5%)
Open, stopped selling vape products 3 (0.7%) 6 (2.1%) 9 (1.2%)
Open, still selling vape products” 378 267 (91.8%) 645
(84.4%) (87.3%)
Transitions
Started selling OTP 29 (7.7%)
Stopped selling OTP 30 (11.2%)
Started or stopped selling OTP 59 (9.1%)
None (same product mix) 349 237 (88.8%) 586
(92.3%) (90.9%)
All stores open at follow-up n = 492 n = 427 n =919
Baseline stores still open® 379 266 (62.3%) 645
(77.0%) (70.2%)
New openings 113 161 (37.7%) 274
(23.0%) (29.8%)

OTP = Other Tobacco Products.
@ Baseline = April-May 2018, Follow-up = July-September 2019.

b Store type measured at baseline.

¢ Store type measured at follow-up.

Table 2
Store closings and openings as a function of store type and census tract de-
mographics in six metropolitan statistical areas after 16 months.

Closings® Openings”
(Dstores = 727, Nmsas ~ (Dstores = 916, Nivisas
=6) =6)

AOR (95% CI) AOR (95% CI)

Intercept 0.07 (0.04, 0.11) 0.60 (0.48, 0.76)
Store Type

Vape-only (ref: Vape + OTP)" 2.51 (1.47, 4.29) 0.46 (0.34, 0.62)
Demographics

Population Density

Median Household Income

Percent White, non-Hispanic/Latino
residents

Percent of residents ages 5-17

Percent of residents ages 18-24

1.15(0.91, 1.45)
0.78 (0.54, 1.14)
1.10 (0.78, 1.55)

1.00 (0.84, 1.20)
0.80 (0.64, 1.01)
1.47 (1.18, 1.85)

0.90 (0.69, 1.19)
0.81 (0.63, 1.05)

1.09 (0.91, 1.31)
0.87 (0.75, 1.00)

Note: Cell entries are adjusted odds ratios and 95% confidence intervals from a
multilevel model. Models excluded three stores in census tracts that were
missing data for median household income. OTP = Other Tobacco Products.

@ Includes stores that were open at follow-up and still selling vape products (n
= 645) and closed for business (n = 85) between baseline and follow-up, with
the exception of 3 stores in tracts with missing data for median household in-
come. Stores (n = 9) that were open at follow-up but stopped selling vape
products were not included in this analysis.

b Includes new stores since baseline and baseline stores open at follow-up,
except 3 stores with missing data.

¢ Closings = store type measured at baseline; Openings = store type measured
at follow-up.

4 Standardized within the metropolitan statistical area (MSA).

table). As with store closings, estimated openings also varied by store
type. Compared to vape + OTP stores, vape-only stores were half as
likely to open (AOR = 0.46, 95% CI = 0.34,0.62) (see Table 2). The odds
of a store being new at follow-up increased as the proportion of non-
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Hispanic/Latino White residents increased in the census tract (AOR =
1.47,95% CI = 1.18, 1.85). Openings were not correlated with any other
neighborhood demographics.

Within 16 months, 87.3% of the 739 baseline stores were still open
and selling vape products (either vape-only or vape + OTP) at follow-up
in July-September 2019. However, the proportion of stores that were
vape-only declined from 60.6% (448 of 739) at baseline to 53.5% (492
of 919) at follow-up (p < 0.05), such that more stores overall sold OTP at
follow-up.

6. Product mix transitions and store names

Within 16 months, 1.2% of stores stopped selling vape products. Of
the baseline stores that were open at follow-up and still selling vape
products, 9.1% (n = 59) had transitioned their product mix within 16
months. Specifically, 7.7% of vape-only stores at baseline (29 of 378)
had started selling OTP by follow-up, and 11.2% of vape + OTP stores at
baseline (30 of 267) stopped selling OTP. In a multilevel model (not
shown), vape-only stores were significantly less likely to transition their
product mix (to include OTP) than vape + OTP stores (to exclude OTP)
(AOR = 0.58, 95% CI = 0.35, 0.99). Whether stores transitioned their
product mix from baseline to follow-up was not correlated with any
neighborhood demographics.

The proportion of all stores with marijuana-related names was 2.0% at
baseline (n = 15/762, including 23 stores whose status at follow-up was
not determined) and 3.5% (n = 32/919) at follow-up. “Glass” (n = 12) and
“CBD” (cannabidiol, n = 8) were the most common marijuana-related
terms in store names at follow-up. Of the 32 follow-up stores with
marijuana-related names, 19 were new to follow-up, and one store added
a marijuana-related term to its name since baseline. The greatest observed
change (from 1.6% to 5.8%) occurred in the Oklahoma City area, where
the state implemented medical marijuana sales between baseline and
follow-up (see Supplement).

7. Discussion

This study provides the first estimate of vape shop closings and
openings in a geographically diverse sample of six metropolitan statistical
areas with differing policy contexts for tobacco and marijuana. There was
a smaller rate of store closings (11.5%) than openings (29.8%) over 16
months, April-May 2018 to July-September 2019. Vape-only stores went
out of business at twice the rate of vape + OTP stores, and vape-only stores
were half as likely to open over the 16-month period. Similar to previous
research about where vape shops are located, (Giovenco et al., 2016) new
stores at follow-up were more likely to be located in tracts with a higher
proportion of non-Hispanic/Latino White residents. Among stores that
were still open at follow-up, 9.1% had transitioned their product mix (i.e.,
started or stopped selling OTP).

Although rare, this study also documents an uptick of marijuana-
related store names from 2.0% to 3.5% across the six metropolitan sta-
tistical areas. The finding suggests an effort to appeal to a growing market
of dual users, (Schulenberg et al., 2020; Chadi et al., 2019) and aligns with
evidence that vape vendors and manufacturers promote cannabis-related
vape products. (Majmundar et al, 2020) Future research should
consider how vape shops adapt to the evolving retail markets for mari-
juana with expanded product lines, including products that contain can-
nabidiol. (Gammon et al., 2020)

This study provides a base rate for store closings/openings to compare
after temporary or permanent statewide sales restrictions on flavored to-
bacco and non-essential business closures during COVID-19 stay-at-home
periods. (Berg et al., 2020b) Other study strengths are: (1) an online search
to identify vape shops or vaporizer stores from two sources, and (2) a
telephone protocol to determine what products were sold, (Kim et al.,
2016) because conclusions about neighborhood correlates of vape shop
locations differ depending on whether the definition includes hybrid stores
that sell OTP. (Giovenco, 2017)
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This study did not conduct field work or more extensive telephone
interviews to validate store openings and closings. Without observational
data from stores, we could not validate what products were sold or
characterize which store features were associated with closings or open-
ings, as in previous research. (Lanza and Pittman, 2019; Galimov et al.,
2020) Another limitation is that the study could not verify whether
Google-only stores that were new at follow-up had recently opened or
were missed by the baseline query. In addition, it was not practicable to
gather information about continuity of ownership and how that may have
affected the product mix or store names.

The lack of a uniform license requirement is an obstacle to studying
tobacco retailer closings, openings and transitions in the U.S. Uniform
licensing is recommended to track the location and sales practices of all
tobacco retailers. (Tobacco Control Legal Consortium, 2016) This is
particularly true for vape shops and other tobacco specialty retailers,
where price discounts that appeal to price-sensitive youth and young
adults are more prevalent, (D’Angelo et al., 2020) and where higher
rates of illegal sales have been observed. (Roeseler et al., 2019) Imple-
menting uniform standards for the definition and licensing of vape shops
would facilitate retail monitoring and enforcement efforts.
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