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1. Introduction

Tobacco use remains the leading cause of preventable death in the
United States (U.S.), causing more than 480,000 deaths annually (2014
Surgeon General's Report). Smoking is attributable to 8 of 10 COPD-
related deaths (2014 Surgeon General's Report), and tobacco use con-
tributes to 88% of lung cancers, the leading cause of cancer death for
men and women (Siegel et al., 2015). It is estimated that there are
375,000 tobacco retailers in the U.S., or 27 tobacco retailers per every
McDonalds restaurant (Point-of-Sale Report to the Nation, 2015). Ex-
posure to tobacco retailers is not equitable across neighborhoods, with
numerous studies documenting a greater concentration of tobacco re-
tailers in neighborhoods with higher percentages of Black, Hispanic,
and lower income individuals (Fakunle et al., 2010; Rodriguez et al.,
2013; Andrew Hyland et al., 2003; Lee et al., 2017). The best available
measures for place-based exposure to tobacco retail outlets are density
and proximity, which are imperfect proxies for the availability and ac-
cessibility of tobacco products, respectively (Table 1).
Availability is a geographic construct that represents the actual

supply of tobacco products (indicated by the number of tobacco re-
tailers in a geographic area). However, accessibility indicates how
easily a person residing in a geographic area can obtain the supply of
tobacco products through a retailer. A person could live in a neigh-
borhood that has a high count of tobacco retailers (high availability
measured through density); however, this person may live far from these
tobacco retailers (low accessibility measured through proximity to a
tobacco retailer). We propose a new measure, multi-retailer proximity,
which measures an individual’s accessibility to not just one retail supply
of tobacco products, but to multiple. In this way, it is a hybrid measure
that can tell someone about both the potential availability of a supply,
and how easily someone can get to this supply.

Tobacco retailer density is measured in several ways; most common
measures include number of tobacco retailers per land area, per po-
pulation, and per roadway (Mayers et al., 2012). In contrast, much of

the literature assessing residential proximity only measures the distance
from a sample of residences to the nearest one tobacco retailer (Frick
and Castro, 2013; Young-Wolff et al., 2014; West et al., 2010; Henriksen
et al., 2008; Cantrell et al., 2015). However, an ecological momentary
assessment found that adult smokers have contact with an average of
2.7 tobacco retailers a day, (Kirchner et al., 2013) and studies on
proximity to alcohol outlets typically measure average proximity to 5–9
retailers (Guide for Measuring Alcohol Outlet Density, 2017). Given
that young adults (Shareck et al., 2016) and adults generally (Kirchner
et al., 2013) are exposed to more than one tobacco retailer on a daily
basis and do not always shop at the nearest retailer (Cannuscio et al.,
2013), the traditional proximity measure to the single closest tobacco
retailer may not fully capture actual variation in retailer accessibility or
any association to tobacco use behaviors. Rather, a measure of multi-
retailer proximity may be preferred.

Living close to or in places with a high number of retailers may
decrease travel costs to obtain tobacco products (Schneider et al., 2005;
Chaiton et al., 2018; Yu et al., 2010) and increase exposure to tobacco
product marketing (Luke et al., 2017; Lee et al., 2015; Loomis et al.,
2012), of which the tobacco industry spends more than $1 million an
hour on in the retail environment (Federal Trade Commission Cigarette
Report for 2015, 2017). In places with higher tobacco retailer density,
individuals have higher cigarette smoking intentions (Cantrell et al.,
2016), higher rates of smoking, initiation, or maintenance, (Cantrell
et al., 2016; Kirchner et al., 2017; McCarthy et al., 2009; Pearce et al.,
2009, 2016; Reitzel et al., 2011; Schleicher et al., 2016) and reduced
smoking cessation (Reitzel et al., 2011; Halonen et al., 2014). Living
near just a single tobacco retailer is associated with smoking more ci-
garettes per day (Chuang et al., 2005) and decreased smoking ab-
stinence and cessation (Reitzel et al., 2011; Jaana et al., 2014). Fur-
thermore, residential proximity to the nearest tobacco retailer is
associated with decreased smoking abstinence (Lorraine et al., 2011).
Lesser known is whether multi-retailer proximity impacts tobacco use
behaviors and if there is a dose–response relationship between living
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close to a certain number of retailers and tobacco use behaviors. A
study in Canada found that individuals living within 250 meters of
more than one tobacco retailer had a significantly lower odds of
smoking abstinence and decreased time to smoking their first cigarette
(Chaiton et al., 2014).

While several ecological studies have documented neighborhood
demographic disparities in tobacco retailer density, (Peterson et al.,
2010; Fakunle et al., 2010; Rodriguez et al., 2013; Andrew Hyland
et al., 2003; Lee et al., 2017) we extend the literature by conducting the
first study to examine whether there are associations of neighborhood-
level race, ethnicity, and income with residential multi-retailer proxi-
mity. We capture multi-retailer proximity by spatially measuring the
average road network distance from each residence to the nearest one,
five, and ten tobacco retailers in a large U.S. urban area: Mecklenburg
County, North Carolina (NC). By using a measure of multi-retailer
proximity, we may inherently capture the residential availability of
tobacco product supply and how accessible this supply is (based on
distance) from each residence.

2. Materials and methods

2.1. Data sources

2.1.1. Tobacco retailer list
Neither the state of NC nor the federal government requires a to-

bacco retailer licensing system to monitor locations where tobacco
products can be legally sold. In the absence of valid and reliable tobacco
retailer licensing lists, several research studies have used data from the
most recent 2012 U.S. Economic Census to determine what store types
are likely to be tobacco retailers (Rodriguez et al., 2013; D'Angelo et al.,
2014). The Economic Census reports the percent of retail tobacco sales
by store type, and 10 store types (e.g., gasoline stations, convenience
stores, supermarkets, beer/wine/liquor stores) made up approximately
99% of 2012 retail tobacco product sales. These 10 retail store types
also made up 99% of retail alcohol product sales, indicating that there
is much overlap between alcohol retailer and tobacco retailer store
types. NC does have a state-wide list of alcohol retailers, which is used
by the U.S. Food and Drug Administration (FDA) for retail tobacco
compliance check inspections and by the NC Alcohol Law Enforcement
Agency (ALE) for compliance checks of youth tobacco access policies.
For these reasons, we started with the statewide ALE list, described
elsewhere, (Myers et al., 2015) as our baseline sampling frame of to-
bacco retailers

Between 2012 and 2015, this list was updated quarterly by local and

state public health practitioners as part of regular state health depart-
ment operations. Staff visited retailers on the list and verified whether
tobacco products were sold; additionally, staff would add tobacco re-
tailers that were confirmed to sell tobacco products but may not have
been on the original ALE list. Using this information from our com-
munity partners, we created a list of tobacco retailers that were verified
in 2015. Finally, tobacco retailers in nearby neighboring counties were
included in analyses to account for the possibility that people living
close to the border of Mecklenburg County may also shop at or be ex-
posed to tobacco retailers outside of these administrative county lines.

2.1.2. Residential addresses locations
Mecklenburg County is home to Charlotte, the 17th largest city in

the U.S. (Charlotte Observer, 2014) with an estimated metropolitan
population of nearly 2.5 million people (American Community Survey,
2015). We retrieved all 2015 geocoded residential and non-residential
addresses in Mecklenburg County (N = 506,065) from the county’s
spatial analysis website (Open Mapping Mecklenburg County GIS,
2016). For each residential and non-residential address, we retrieved a
geocoded latitude and longitude, or spatial point location. Then, re-
sidential addresses were identified by designated building-use codes.
Designated building-use codes for residential addresses included single
family residential, duplex/triplex, garden apartment, townhouse,
townhouse apartment, condo, commercial condo, condo high rise, high-
rise apartment, manufactured home, mobile home, and single-family
resorts. Residences in multi-unit buildings (e.g., duplex/triplex, town-
house, apartments) were included as individual addresses. We removed
non-residential addresses, which resulted in a total of 437,334 possible
residential addresses in Mecklenburg County.

2.1.3. Sociodemographic variables
All neighborhood (i.e. census tract) sociodemographic population

estimates were downloaded from the 2011–2015 5-Year American
Community Survey (ACS) (American Community Survey, 2015). The 5-
Year ACS represents a rolling average of population estimates between
2011 and 2015. While 1-year 2015 ACS estimates are available for
public download, the Census Bureau recommends using 5-Year esti-
mates when using small (i.e. census tract or smaller) geographic areas
due to reliability and data availability issues (American Community
Survey, 2015). Census tracts are administrative boundaries that vary in
size and population (1200–8000 residents) and are most often used in
neighborhoods and health research (Matthews and Yang, 2013; Diez-
Roux, 2008; Arcaya et al., 2016). Tract-level demographic variables
included percent non-Hispanic race (i.e. White, Black, Asian/Hawaiian

Table 1
Summary of common measures of tobacco retailer exposure.

Measure Description Example Considerations

Density Measures the concentration, or availability, of retail
tobacco supply in a geographic area.

In a 2012 nationally representative sample of
tobacco retailers, there was an average density of 1.3
tobacco outlets per 1000 persons. Unadjusted models
indicated that as proportion of Black residents in a
census tract increased, tobacco retailer density also
significantly increased (Lee et al., 2017).

Must define meaningful geographic area (e.g., census
block, census tract). Neighborhood and thus measure
is typically constrained by geographic administrative
boundaries.

May be sensitive to changes in population distribution
in a neighborhood.

While kernel density estimation may account for some
of these limitations, advanced spatial methodological
skills and sensitive model assumptions must be made
(Carlos et al., 2010; Shi, 2010).

Proximity Measures how easily one can obtain a retail tobacco
product supply, or accessibility. Indicated by
distance from a point of interest (i.e. residential
address, school) to a tobacco retailer.

In a sample of adult daily smokers, participants
living less than 500 meters from the closest tobacco
retailer were significantly less likely to maintain
smoking abstinence 6 months after a quit attempt
(Reitzel et al., 2011).

Must define and have access to meaningful point of
interest.

Measure of distance between point of interest and
nearest retailer may span geographic administrative
boundaries, such as census blocks, tract, counties, etc.

Must decide how to best measure proximity (e.g.,
Euclidean or ‘as the crow flies’ versus a roadway).
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or Other Pacific Islander [Asian/HPI]), percent Hispanic or Latino
ethnicity, and median household income. Because there may be
threshold effects, quintiles of each neighborhood demographic variable
were created where for example, quintile 1 (Q1) represents the lowest
20% neighborhood median household income and quintile 5 (Q5) re-
presents the highest 20% neighborhood median household income.
Population density (total population per square mile of land) was also
retrieved from the ACS and used as a control variable in the models
described below.

2.2. Analysis

After mapping the geopoint location of residential addresses in
ArcGIS 10.5, we then spatially joined neighborhood demographic
quintile estimates to each residential address. To protect con-
fidentiality, some ACS estimates are not available in geographic areas
with a small total population, or those with a small population by de-
mographic characteristics (three census tracts). In total, we were able to
spatially join 437,011 residential addresses to neighborhood demo-
graphic characteristics, or 99.9% of all residences (Fig. 1).

2.2.1. Multi-retailer proximity
Using ArcGIS 10.5 and ESRI StreetMap Premium (a road network

data source), we used the OD Cost Matrix spatial analysis tool to cal-
culate the shortest road network distance from each residential address
to the nearest one, five, and ten tobacco retailers. We did not force the
spatial analysis tool to follow road rules (i.e. one-way streets, private
roads, turn restrictions, illegal u-turns) as some individuals may walk or
cycle on streets. Sensitivity analyses on a random sample of 10% of
census tracts indicated a minimum Pearson’s correlation of 0.996 when
comparing distances calculated with and without road restrictions.

As other studies have demonstrated, measuring the distance from
one point to another using a street network is preferable, as it may more
accurately demonstrate likely travel patterns compared to measuring
Euclidian distances, or a straight-line distance from one point to an-
other (Oliver et al., 2007; Duncan et al., 2014). Fig. 2 conceptualizes
how we measured road-network proximity to the nearest one tobacco
retailer (Residence A) and average multi-retailer proximity to several
tobacco retailers (Residence B). Notably, by measuring multi-retailer

proximity (vs. density alone), we are able to include potential exposure
to tobacco retailers outside of a residence’s census tract in calculations.
Multi-retailer proximity to the nearest five and ten tobacco retailers
were averaged for each residential address. For descriptive statistics, we
averaged the distances from each residential address to the nearest one,
five, and ten tobacco retailers by quintile of each neighborhood de-
mographic variable.

2.2.2. Statistical modeling
Though our sample represents a census of residential addresses

within Mecklenburg County, to increase statistical generalizability of
associations to other similar counties, we tested associations of socio-
demographic characteristics with residential multi-retailer proximity.
To aid in interpretability, we fit linear random intercept multilevel
models that included each sociodemographic variable separately, and
we keep our estimates unstandardized. All models were fit using SAS
9.4 and controlled for tract population density (Eq. (1)).

= + + … + +PopulationDensity Sociodemographics r uProximity 0 1ij j k j ij j0 (1)

The statistical model includes an additional random effect term, u0j,
which varies according to a normal distribution for each census tract.
The ICC for distance to the nearest one tobacco retailer was 0.57, in-
dicating that 57% of the variance in individual distance to the nearest
retailer is attributable to between census tract differences. The random
effect term accounts for the nesting of residences (i) within census tracts
(j) so that estimates and standard errors are not biased due to individual
observations being correlated within a neighborhood. Finally, we also
fit a multivariable linear random intercept multilevel model that in-
cluded all sociodemographic variables (except for quintile percent
White).

3. Results

3.1. Multi-retailer proximity descriptives

In Mecklenburg County, there are 230 census tracts with population
estimates. The average tract-level sociodemographic characteristics were
as follows: percent White (48.5, SD = 28.3), percent Black (31.7,
SD = 24.3), percent Asian/HPI (5.0, SD = 5.5), percent Hispanic or
Latino ethnicity (12.2, SD = 11.5), median household income ($62,454,
SD=$30,880). For all residences (N = 437,011), the average distance to
the nearest one, five, and ten retailers were 0.91 (SD = 0.71), 1.23
(SD = 0.80), and 1.68 (SD = 0.94) miles, respectively.

As seen in Fig. 3, individuals living in neighborhoods with the
lowest proportion (Q1) of White people were on average 0.60 miles
away from a single retailer while those living in neighborhoods with the
highest proportion (Q5) of White people were on average 1.11 miles
away from a single tobacco retailer. Those living in neighborhoods with
the highest proportion of all other races/ethnicity were less than a mile
away from a single retailer (Q5 Black = 0.65 miles; Q5 His-
panic = 0.74 miles; Q5 Asian/HPI = 0.86 miles). In general, as
neighborhood quintile of White residents increases, so did multi-retailer
proximity. In contrast, as neighborhood quintile of Black residents in-
creases, multi-retailer proximity decreased, or individuals in these
neighborhoods lived closer to multiple tobacco retailers. A similar trend
is observed for neighborhood quintile of Hispanic or Latino ethnicity.
No obvious upward or downward trends were observed as quintile of
Asian/HPI increased.

We also observed strong positive trends between neighborhood
median household income and multi-retailer proximity. While those
living in the lowest income neighborhoods (Q1 = $15,382–33,873)
were less than half a mile away from a single tobacco retailer, those in
the highest income areas were over a mile away. By measuring multi-
retailer proximity, we also find that those living in the lowest income
neighborhoods were on average closer to 10 tobacco retailers (0.88
miles) than people in the three higher income neighborhood quintiles

Fig. 1. Residential address sample identification in Mecklenburg County, North
Carolina (2015).
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were to just a single tobacco retailer (Q3 = 0.94 miles; Q4 = 1.07
miles; Q5 = 1.25 miles).

3.2. Random intercept multilevel models

Next, we fit mixed effects regression models that accounted for the
nesting of residences within census tracts.

3.2.1. Univariate models
Compared to the highest income neighborhoods (Q5), lower income

neighborhoods (Q1–Q4) were significantly closer to tobacco retailers
(Table 2). This effect is amplified for those in the lowest income
neighborhood (Q1). Compared to those living in the highest income
areas, those living in the lowest income neighborhood were on average
0.67 miles (SE = 0.09, p < 0.001) closer to a single tobacco retailer;
additionally, they were 0.83 (SE = 0.11) and 1.08 (SE = 0.13) miles
closer to five and ten tobacco retailers (p < 0.001). We confirm our
descriptive results that neighborhoods with a higher proportion
(Q1–Q4) of White residents were farther from tobacco retailers com-
pared to those living in neighborhoods with the lowest proportion of
White residents (Q1). Compared to those living in neighborhoods with
the lowest proportion of Black people, we found that only those living
in neighborhoods with the highest proportion of Black people
(Q5 = 51.8–94.1%) were significantly closer to not just one (B = -0.43,
SE = 0.10), but also five (B = -0.50, SE = 0.11) and ten (B = -0.68,
SE = 0.14) tobacco retailers, representing about just a 10-minute walk.
Finally, residences in Q2 (3.5–5.8%) of Hispanic or Latino residents
were slightly farther away from multiple tobacco retailers compared to
those living in Q1 (0–3.4%). No significant trends were documented for
quintile Asian/HPI.

3.2.2. Multivariable models
We also fit a single multivariable model that included all area de-

mographic variables, except for quintile percent White (as this would
include nearly 100% of the population). Consistent with the univariate

models, we found that residents living in all lower income neighbor-
hoods (Q1–Q4) lived significantly closer to one, five, and ten tobacco
retailers compared to those living in the highest income neighborhoods
(Table 2). This disparity was stronger than those in univariate models.
Interestingly, some models also indicated that quintiles with a greater
proportion of Black residents (compared to lowest) were farther away
from tobacco retailers. We investigated this further and found that
correlations between quintile percent Black and quintile median
household income were high (Cramer’s V = 0.40) (Kim, 2017).
Therefore, the quintile income and percent Black effects are not truly
isolated from one another, and caution should be taken when trying to
interpret estimates, and any causal associations, in isolation of one
other.

4. Discussion

Consistent with previous literature, our study replicates racial,
ethnic, and income disparities in retailer density of tobacco retailers. As
we present a census of data and due to the correlation of socio-
demographics indicated earlier, we focus our discussion on the uni-
variate models. We found that those living in lower income and more
minority neighborhoods may have even greater accessibility to and risk
of tobacco retailer exposure than previously documented.

While tobacco retailer density measures give information about the
availability of tobacco retailers within an area, they do not traditionally
consider whether people live close to or can easily access tobacco retail
outlets. Existing studies that assess proximity to tobacco retailers typi-
cally only measure distance to the nearest single retailer, (Cantrell et al.,
2015; Frick and Castro, 2013; Henriksen et al., 2008; West et al., 2010;
Young-Wolff et al., 2014) even though adult smokers have contact with
multiple tobacco retailers a day, with up to an average of 13 contacts in
one study (Kirchner et al., 2013). Some researchers have called for the
importance of assessing accessibility to multiple retailers in an effort to
better assess potential accessibility (Apparicio et al., 2008; Chaiton
et al., 2014; Duncan et al., 2014; Shareck et al., 2016). For example,

Fig. 2. Example of calculating road-network proximity to the nearest one tobacco retailer (Residence A) and average multi-retailer proximity to the nearest ten
tobacco retailers (Residence B).
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one study found that as smokers came into contact with more retailers
in a day, they had a lower odds of quitting, (Kirchner et al., 2013)
suggesting that only assessing the closest retailer to one’s residence may
not be the strongest correlate of tobacco use behaviors. Preferred re-
tailers may be beyond the nearest option, rather they may be retailers
with the easiest shopping experience, those that carry the preferred
tobacco products, have the fastest check-out lines, or those that are in a
more convenient or safer location.

In our study, we found that proximity to the nearest tobacco retailer
decreased as the neighborhood proportion of Black and Hispanic or
Latino residents increased, which is similar to other studies assessing
the density of tobacco retail outlets (Lee et al., 2017; Peterson et al.,
2011; Novak et al., 2006). However, we also found this trend to be true
for multi-retailer proximity. Univariate mixed effects models assessing
neighborhood proportion of Black residents indicated that only neigh-
borhoods with the highest proportion of Black residents (compared to
lowest) were significantly closer to multiple tobacco retailers, in-
dicating that those living in these neighborhoods may have a disparate
increased accessibility to tobacco retailers. In contrast, we found that as
the neighborhood proportion of White residents increased, average
distance to tobacco retailers also significantly increased. By measuring
multi-retailer proximity, we also documented that residences in the
lowest neighborhood quintile of percent White were as close to ten
tobacco retailers (1.08 miles) as those in the highest neighborhood
quintile of percent White were to just a single retailer (1.11 miles).

Given that White adults (15.0%) have higher smoking prevalence than
both Black (14.6%) and Hispanic (9.8%) adults, (Centers for Disease
Control & Prevention, 2018) these disparate findings indicate that the
higher documented availability and accessibility of tobacco retailers
may perhaps actually be supplier-driven (i.e. tobacco retailers are dis-
proportionately locating in neighborhoods with a greater proportion of
Black or Hispanic or Latino residents), rather than demand-driven.

We also observed large disparities in multi-retailer proximity by
median household income. Residences in neighborhoods in the lowest
income quintile were on average closer to ten retailers (0.88 miles) than
those residing in the highest income quintile were to just a single re-
tailer (1.25 miles). Mixed effects models indicated that those in the
lowest income neighborhoods were over a mile closer to ten retailers
compared to those in the highest income areas. This was the greatest
disparity in multi-retailer proximity observed in our study and is con-
sistent with other literature that has documented socioeconomic dis-
parities in tobacco retailer density (Lee et al., 2017; Peterson et al.,
2011; Novak et al., 2006; Chaiton et al., 2013). Given that low socio-
economic persons have higher smoking rates, less success at quitting
smoking, and disproportionately worse smoking-related disease and
outcomes (Garrett et al., 2015), greater attention to how accessibility to
multiple tobacco retailers in lower income neighborhoods may impact
tobacco use behaviors and related health outcomes is warranted.

A 2012 national study found that tobacco retailers have an average
of 29.5 tobacco marketing materials, such as branded displays or signs,

Fig. 3. Average multi-retailer proximity (miles) by census tract demographic quintile, Mecklenburg County, North Carolina, 2015 (N = 437,011).
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and 75% of retailers had at least one tobacco product price promotion
(Ribisl et al., 2017). Tobacco industry documents show that the in-
dustry has used marketing to influence tobacco use behaviors (Ling and
Glantz, 2002) and this marketing has been targeted in neighborhoods
with more racial and ethnic minorities (Yerger et al., 2007; Lee et al.,
2015). Furthermore, exterior or store-front marketing has been docu-
mented in more minority and lower income neighborhoods (Lee et al.,
2015; Laws et al., 2002). People living in close proximity to a high
number of tobacco retailers may also see a high amount of tobacco
marketing, even if they are not entering the store. Furthermore, re-
sidents living near multiple tobacco retailers may also observe more
people purchasing and using tobacco products, thereby normalizing
and cueing tobacco use behaviors. These cues to smoke could increase
cravings and undermine quit attempts, encouraging relapse behavior
among smokers (Reitzel et al., 2011).

Future research is needed to document whether an increasing
number of tobacco retailers near a residence (and even other anchor
points, such as a school or work locations) influences tobacco use be-
haviors. It seems plausible that there may be a dose–response re-
lationship in which being close to several tobacco retailers may have a
differential impact on tobacco use behaviors than just being close to a
single retailer. Studies that have not found significant associations
when measuring proximity to the nearest single retailer may consider
extending traditional proximity measures to include other retailers that
are near an anchor point. If certain groups are disproportionately closer
to a higher number of tobacco retailers than other groups, this could
have implications for explaining some observed tobacco-related health
disparities. Studies that have only calculated distance to the nearest one
retailer may be potentially underestimating these differences.

Finally, given the associations of tobacco retailer exposure (both

density and proximity) on tobacco use behaviors, our study demon-
strates the importance of tobacco control policies that can decrease the
multi-retailer proximity of tobacco retailers in residential areas, espe-
cially in neighborhoods with more minority and lower income re-
sidents. A North Carolina simulation study found that a policy that
creates a 500-foot retailer proximity restriction, or that tobacco re-
tailers cannot be within 500 feet of each other, could reduce tobacco
retailer density by 22.1% (Myers et al., 2015). An additional study
conducted in Missouri and New York found that prohibiting tobacco
retailers from operating within 1000 feet of schools could also reduce
neighborhood income and racial disparities in tobacco retailer density
(Ribisl et al., 2017). For example, researchers found that prior to a ban,
retailer density per 1000 population was 1.28 in the lowest income
neighborhoods and 0.84 in the highest income neighborhoods. How-
ever, after a ban was implemented, retailer density dropped to 0.36 and
0.45 in the lowest and highest income areas, respectively, and similar
trends were observed by proportion of African Americans in a neigh-
borhood (Ribisl et al., 2017). Retailer reduction policies such as these
may limit or decrease both the density, multi-retailer proximity, and
clustering of tobacco retailers close to residences, and may have a pro-
equity effect for those located in more vulnerable neighborhoods. As
previously noted, not all states require tobacco retailer licensing, and
establishing a licensing system is a strong first step toward being able to
design and implement retailer reduction strategies (Tobacco Retailer
Licensing Playbook, 2018; Ackerman et al., 2017). Licensing allows
governments to regulate who can sell tobacco while also being able to
limit the number and locations of tobacco retailers (Tobacco Retailer
Licensing Playbook, 2018) which could decrease multi-retailer proxi-
mity.

Some limitations of this study should be noted. Geocoded addresses

Table 2
Associations of census tract demographic quintiles with multi-retailer proximity, Mecklenburg County, North Carolina, 2015 (N = 437,011).

Univariate Models Multivariable Models

Near 1 Near 5 Near 10 Near 1 Near 5 Near 10

B (SE) B (SE) B (SE) B (SE) B (SE) B (SE)

Median household income
Q1 ($15,382–33,873) −0.67 (0.09) *** −0.83 (0.11) *** −1.08 (0.13) *** −0.83 (0.13) *** −1.10 (0.16) *** −1.41 (0.19) ***
Q2 (33,874–49,588) −0.48 (0.09) *** −0.59 (0.11) *** −0.80 (0.13) *** −0.71 (0.12) *** −0.92 (0.14) *** −1.22 (0.17) ***
Q3 (49,589–67,336) −0.37 (0.09) *** −0.39 (0.11) *** −0.48 (0.13) *** −0.53 (0.10) *** −0.66 (0.12) *** −0.84 (0.15) ***
Q4 (67,337–85,918) −0.19 (0.09) *** −0.19 (0.11) −0.17 (0.13) −0.29 (0.10) ** −0.37 (0.11) ** −0.43 (0.14) **
Q5 (85,919-$190,104) ref – – – – – –
White
Q1 (0.9%-19.4) ref – – –
Q2 (19.5–36.9) 0.16 (0.10) 0.24 (0.12) * 0.33 (0.14) *
Q3 (37.0–59.3) 0.20 (0.10) * 0.35 (0.12) ** 0.57 (0.14) ***
Q4 (59.4–80.4) 0.38 (0.10) *** 0.47 (0.12) *** 0.70 (0.14) ***
Q5 (80.5–96.1%) 0.38 (0.10) *** 0.48 (0.12) *** 0.60 (0.14) ***
Black
Q1 (0.5%-7.0) ref – – – – – –
Q2 (7.1–19.8) 0.00 (0.10) 0.06 (0.11) 0.07 (0.14) 0.12 (0.09) 0.24 (0.11) * 0.30 (0.14) *
Q3 (19.9–36.9) −0.15 (0.10) −0.11 (0.11) −0.08 (0.14) 0.18 (0.11) 0.35 (0.13) ** 0.54 (0.16) ***
Q4 (37.0–51.7) −0.11 (0.10) −0.02 (0.11) 0.00 (0.14) 0.24 (0.11) * 0.46 (0.13) *** 0.65 (0.16) ***
Q5 (51.8–94.1%) −0.43 (0.10) *** −0.50 (0.11) *** −0.68 (0.14) *** 0.13 (0.13) 0.24 (0.15) 0.32 (0.18)
Asian/HPI
Q1 (0.0%-1.2) ref – – – – – –
Q2 (1.3–2.7) 0.09 (0.10) 0.1 (0.12) 0.18 (0.15) 0.02 (0.09) −0.02 (0.11) 0.01 (0.13)
Q3 (2.8–4.4) 0.11 (0.10) 0.08 (0.12) 0.19 (0.15) −0.01 (0.09) −0.10 (0.11) −0.06 (0.13)
Q4 (4.5–7.5) 0.21 (0.10) * 0.15 (0.12) 0.27 (0.15) 0.11 (0.09) 0.01 (0.11) 0.08 (0.13)
Q5 (7.6–48.6%) 0.14 (0.10) 0.13 (0.12) 0.28 (0.15) 0.03 (0.09) −0.03 (0.11) 0.05 (0.13)
Hispanic or Latino
Q1 (0.0%-3.4) ref – – –
Q2 (3.5–5.8) 0.23 (0.10) * 0.25 (0.12) * 0.39 (0.15) ** 0.16 (0.09) 0.15 (0.10) 0.25 (0.12) *
Q3 (5.9–10.7) 0.07 (0.10) 0.10 (0.12) 0.22 (0.15) 0.07 (0.09) 0.09 (0.11) 0.17 (0.13)
Q4 (10.8–20.8) 0.11 (0.10) 0.14 (0.12) 0.21 (0.15) 0.23 (0.09) * 0.26 (0.11) * 0.35 (0.13) **
Q5 (20.9–61.9%) 0.03 (0.10) −0.01 (0.12) −0.04 (0.15) 0.24 (0.10) * 0.21 (0.12) 0.22 (0.14)

Note: All models control for census tract population density and account for the nesting of individuals within census tracts through a random intercept. Multivariable
models include all variables, except for quintile percent White. *p < 0.05, **p < 0.01, ***p < 0.001.
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were provided by the Mecklenburg County government, and there is the
possibility that there were positional errors, leading to inaccurate
multi-retailer proximity calculations. While we used the best available
data to create a tobacco retailer list with local community partners, it is
plausible that our list omitted some tobacco retailers that were either
not on the original ALE list and/or were not ground-truthed during
regular state health department operations. However, we have no
reason to believe that this would be systematic and thus, for the pur-
poses of demonstrating the use of multi-retailer proximity to measure
area disparities, we believe these data were still valid and that our re-
sults are not biased. While our study sample is limited to residences in
Mecklenburg County, a strength of this study is that we are using a
census of residential addresses, so the associations documented re-
present the true population in Mecklenburg. We also conducted in-
ferential statistics, which may increase statistical generalizability of
findings to similar counties; however, we caution readers when inter-
preting the results of the multivariable model as marginal effects, as
there is high correlation between sociodemographics in our study area
(and likely others). While our statistical models account for correlations
of individuals within census tracts, there may be spatial autocorrelation
of individuals between census tracts. Recent studies have discussed the
potential need to fit models that account for both within- and between-
tract correlations; however, there is no gold standard model at this time
to account for these correlations, or agreement if this is statistically
necessary or efficient (Chaix et al., 2005; Xu, 2014; Park and Kim,
2014). These studies do indicate that fixed effects are consistent whe-
ther accounting for within-, between-, or both correlations, but stan-
dard errors may be underestimated in some model types (Chaix et al.,
2005; Xu, 2014; Park and Kim, 2014). For purposes of demonstrating
how to calculate multi-retailer proximity, we did not weight the dis-
tance of each tobacco retailer to a residence (i.e. those retailers that are
closer to an individual may be weighted more heavily); future studies
may want to consider incorporating this into distance calculations. Fi-
nally, while we operationalized neighborhoods as census tracts, other
neighborhood definitions may also be appropriate (eg, census blocks)
(Duncan et al., 2014)

5. Conclusions

Our study demonstrates that there are racial, ethnic, and income
disparities in multi-retailer proximity to tobacco retailers. By measuring
road network proximity to more than one retailer, we propose a pro-
mising measure that may better assess potential accessibility to multiple
retail supplies of tobacco products. Furthermore, this methodology may
be applicable to other fields and studies, such as measuring multi-re-
tailer proximity to food and alcohol retailers.
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