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Abstract

Background: Individuals may use unhealthy coping mechanisms such as alcohol, tobacco, and unhealthy snack
consumption. The purpose of this study was to assess how neighborhood disadvantage is associated with sales of
alcohol, tobacco, and unhealthy snacks at stores of a discount variety store chain.

Methods: Alcohol, tobacco, and unhealthy snack sales were measured monthly for 20 months, 2017–2018, in 16
discount variety stores in the United States. Mixed effects linear regressions adjusted for population size, with store-
specific random effects, to examine the relationship of weekly unit sales with three outcome variables and
neighborhood disadvantage, measured using the Area Deprivation Index (ADI).

Results: The discount variety stores were located in neighborhoods where the median ADI percentile was 87
[interquartile range 83,89], compared to the median ADI percentile of 50 for all US communities, indicating that the
stores were located in substantially disadvantaged neighborhoods. For every 1% increase in ADI, weekly unit sales
of unhealthy snack food increased by 43 [95% confidence interval, CI 28–57], and weekly unit sales of tobacco
products increased by 11.5 [95% CI 5–18] per store. No significant relationship between neighborhood
disadvantage and the weekly unit sales of alcohol products was identified.

Conclusions: The positive relationship between neighborhood disadvantage and the sale of tobacco and snack
foods may help explain the pathway between neighborhood disadvantage and poor health outcomes. It would be
useful for future research to examine how neighborhood disadvantage influences resident health-related behaviors.
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Background
Researchers have established that disadvantaged neigh-
borhoods with a high concentration of residents with
low socio-economic status (SES) often have relatively
low average life expectancy [1, 2], poor mental and phys-
ical health [3–8], and low school completion rates [9].
The reasons for this are not entirely clear. Using a life

course approach, Seabrook and Avison [3] highlight that
individuals with differing SES have differing stressors,
and differing resources to address those stressors, and
that individuals often have “linked lives” with individuals
of similar SES. Therefore, if an individual with, say, low
SES, has friends, neighbors, and family members who
also have low SES, that individual will likely be exposed
to the stresses and challenges that her or his family,
neighbors, and family members experience (e.g., job loss,
food insecurity, lack of health care services, etc.). In
addition to stress, the built environment in
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disadvantaged neighborhoods is often quite different
from that of more advantaged neighborhoods. Specific-
ally, disadvantaged neighborhoods are less likely to have
infrastructure in place that promotes health, such as
food stores with healthy options [10], quality health care
services [11], and safe, walkable spaces [12, 13].
One measure of neighborhood disadvantage, the area

deprivation index (ADI), was originally developed by
Gopal Singh [14], and revised by Amy Kind and col-
leagues at the University of Wisconsin-Madison [15].
The revised ADI is a validated instrument that has been
used by researchers and government agencies such as
the Centers for Medicare and Medicaid Services [16].
Recently, a number of studies have been published using
the ADI [17–22].
Three unhealthy consumption behaviors are tobacco

use [23], alcohol use [24], and eating unhealthy snack
foods [25]. All three behaviors are major risk factors for
chronic disease and premature death [26]. Given that
people with low SES in the US are more prone to to-
bacco use [27, 28], alcohol use [27, 28], and unhealthy
snack food intake [25] than people with higher SES, and
that all three risky health behaviors have been identified
as mechanisms to cope with stress [29], we would expect
the sales of these items to be high in areas with higher
neighborhood disadvantage.
Neighborhood deprivation has been associated with

risky health behaviors including excessive alcohol con-
sumption, physical inactivity, and high-fat diets [29];
studies have examined the relationship between neigh-
borhood disadvantage and the availability of unhealthy
products. A study by Lee et al. [30] found that as the
proportion of African American residents increased and
median household income decreased, the density of to-
bacco outlets per 1000 in census tracts increased. Simi-
larly, Datta et al. found that higher levels of
neighborhood poverty were associated with higher
prevalence of smoking [31]. Other researchers found
that residents in areas with more tobacco outlets were
more likely to start smoking than residents in other
areas, and less likely to quit [32]. There is also evidence
that greater availability [33, 34] and acceptability of alco-
hol (or “neighborhood norms”) are linked to higher alco-
hol use [35, 36]. Research has also found that living in a
disadvantaged neighborhood is associated with less ac-
cess to high-quality food sources [25], greater access to
unhealthy snack foods [37], and greater exposure to un-
healthy snack food advertising [38]. Separate from those
neighborhood risks, there is evidence that low household
SES is associated with greater access to unhealthy prod-
ucts [25, 30, 32–39].
Despite the studies described above, there is still a gap

in research that examines whether the greater access to
unhealthy products actually results in greater purchasing

of these products. Also, while living in a neighborhood
with low SES is associated with a number of poor health
outcomes, there is limited research identifying the spe-
cific chain of events that leads to poor health outcomes.
In this study, we address a gap in this area of research
by examining the purchase of unhealthy products and
the role of neighborhood disadvantage. Specifically, the
purpose of this study is to assess how neighborhood dis-
advantage is associated with the sales of unhealthy prod-
ucts (alcohol, tobacco, and unhealthy snacks) at a chain
of discount variety stores. Discount variety stores (DVSs)
sell a wide range of products. The items we included in
our analysis are described in the “Outcome Measures”
section. The specific stores in our study were selected by
the DVS chain that made its data available for our study.
The stores were located in different neighborhoods.
There have been few studies of the sales of unhealthy

products in deprived neighborhoods using actual sales
data. There is little research in this area likely because
sales data is proprietary, and it is rarely in the best inter-
est of the business to share these data with researchers.
Because we had the opportunity to use proprietary sales
data, we were able to address this gap in the research by
examining actual sales data. From this study, the associ-
ation between neighborhood deprivation and actual pur-
chasing behavior in places where there is typically
limited choice adds new sales-based evidence that sales
of tobacco and unhealthy snacks are greater in deprived
neighborhoods. We hypothesized that there would be a
positive association of neighborhood disadvantage with
the sales of unhealthy products.

Methods
Data sources
We used four data sources: Discount Variety Store
(DVS) sales data, US Census data, neighborhood
walkability scores, and ADI scores. A chain of DVSs
that tend to operate in low income communities in
the United States provided weekly sales data from 16
stores over an 85-week period, from August, 2016
through March, 2018. The majority of the stores
were in the Southeastern United States. The Dis-
count Variety Store corporation granted permission
for the research team to access and utilize these
data. One stipulation of the data use agreement was
that the research team would not disclose the name
of the corporation. ADI data were obtained from the
Department of Medicine, University of Wisconsin
[15]. Other neighborhood socio-demographic vari-
ables were obtained from US Census American
Community Survey (ACS) website based on their
2015 estimates. Walkability scores for each store ad-
d re s s were ob t a ined f rom the webs i t e www.
WalkScore.com [40].
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Outcome measures
We examined the weekly unit sales per store of three
“unhealthy” products: tobacco, alcohol, and unhealthy
snack foods. Tobacco products were identified in the
DVS sales data. There were 111 products included in the
tobacco sales outcome measure. Tobacco product exam-
ples included menthol cigarettes, cigarillos, and non-
menthol cigarettes. Alcohol products were also identified
in the DVS sales data. There were 70 alcohol products
included in the alcohol sales outcome measure. Alcohol
products examples included malt beverages, beer, and
wine. Unhealthy snack foods were identified using cri-
teria adapted from Farley et al. (2009) [41], who identi-
fied snack foods in four categories: foods that were
included are sugar sweetened beverages (excluding diet
or sugar free varieties), salty snacks (chips, popcorn,
pretzels, salted nuts, salted meats/beef jerky), cookies &
pastries (prepackaged cookies, crackers, doughnuts, pas-
tries, small fruit-filled pies), and candy (chocolates, hard
candy, gum). There were 305 products included in the
unhealthy snack food sales outcome measure.

Neighborhood disadvantage measure
We measured neighborhood disadvantage using the ADI
discussed above. The ADI ranks census block groups in
terms of socioeconomic status (0–100, with 100 as the
highest deprivation). It combines seventeen socioeco-
nomic measures (such as percent of the population 25
and up with at least a high school diploma, median fam-
ily income, and percent of households without a vehicle)
from census data using principal component analysis
[19]. We used the 2018 ADI, which averaged 5 years of
data from the American Community Survey (ACS),
2014–2018. Since ADI measures area deprivation, it is
unlikely the scores changed significantly over the course
of the 85 weeks examined in our study.

Additional neighborhood characteristic measures
In addition to neighborhood disadvantage, we examined
3 additional measures that were not represented in the
ADI yet are potentially associated with the sales of to-
bacco, alcohol, and unhealthy snack foods. These mea-
sures are: race/ethnicity composition, percent of the
population that are children, and walkability.
Race/ethnicity for the census block groups (obtained

from the 2015 ACS), was measured as the percent of the
census block group population that was Non-Hispanic
African American. Previous research finds that con-
sumption of alcohol [8, 42], tobacco [43], and unhealthy
foods [44] can differ by race and ethnicity; yet these dif-
ferences may be confounded by other factors such as so-
cioeconomic status [45]. Also from the 2015 ACS, we
obtained information on the percent of the census block
group population between the ages 0 to 17 years. We

included this measure because childhood snacking and
obesity have been increasing [46], and previous research
notes differences in snacking behavior among children
by socioeconomic status [47]. Finally, we included the
walkability score for each store as walkability increases
access to neighborhood retailers; research has linked
greater access to tobacco retailers with greater tobacco
use, although the corresponding results for alcohol ac-
cess and use have been mixed [48]. The Walk Score
measure ranges from 0 to 100 with 100 meaning most
walkable [49]; the average walk scores for 141 US cities
with a population of 200,000 or more was 48 at the time
of this writing [40].

Statistical analysis
We analyzed the data with descriptive and inferential
statistical techniques. Descriptive analyses summarized
neighborhood disadvantage and characteristics variables
as well as census block group population size and census
block group median income, using medians and inter-
quartile ranges. The inferential statistical techniques in-
cluded mixed effects linear regression (MELR) with unit
sales as the outcome measures. In our MELR, we in-
cluded as independent variables: the national percentile
of each block group’s ADI score, percentage of African-
American population, percentage of population between
0 and 17 years, and walkability scores. Additionally,
block-group population size and the study week number
were included as control variables. Store-specific random
effects were included to account for variations among
stores that were unexplained by the estimated fixed ef-
fects; the random effect also provided standard errors
that account for the repeated sales measures for each
store. We assessed multicollinearity among the fixed ef-
fects terms with Variance Inflation Factors (VIFs). We
used the R/RStudio version 3.6.1 for all analyses.

Results
The unit sales of unhealthy products varied among
stores, where the median weekly unit sales for to-
bacco were 412 [interquartile range (IQR) 205, 610],
alcohol 339 [IQR 147, 428], and unhealthy snack
foods 1378 [IQR 883, 2526] (Table 1). Results for the
socio-demographic variables indicate that, in general,
the DVSs were located in neighborhoods where the
median ADI percentile was 87 [IQR 83, 89] (com-
pared to median ADI percentile of 50 for all US com-
munities). The racial composition of the communities
was primarily Non-Hispanic African American, where
the median percentage of African-Americans was 74%
[IQR 61, 87]; that result differed greatly from the na-
tional average, 13% [50]. The median percent of the
population comprised of children (ages 0–17) was
25% [IQR 23, 29] (compared to 23% of the US
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population in 2017 [51]). The median walk score was
48 [IQR 39, 59], indicating that the majority of com-
munities were car dependent [40].
Multivariate analyses indicated that as the ADI per-

centile increased, the sales of tobacco and unhealthy
snacks in DVSs increased significantly. Specifically, for
every 1% increase in ADI, the weekly unit sales of to-
bacco per store increased by 11.48 (95% Confidence
Interval, 95% CI 5.02; 17.94) adjusted for population size
and other covariates (Table 2). There was also a negative
relationship between the racial composition of the
neighborhood and tobacco sales: when the percent of
Non-Hispanic African-Americans in a neighborhood in-
creased by 1%, the weekly unit sales for tobacco de-
creased by 6.16 (95% CI -9.06; − 3.27). Finally, there was
a negative relationship between neighborhood walk
score and tobacco sales: when the walk score increased
by 1%, the weekly unit sales for tobacco decreased by
6.18 (95% CI -10.36; − 2.01).
We did not find a relationship between alcohol sales

and neighborhood characteristics (Table 3). We found
that of the 16 DVSs, alcohol was sold at only 8 stores,
which limited statistical power (degrees of freedom =2).

For each 1% increase in ADI, the weekly unit sales of
unhealthy snack food increased by 42.57 (95% CI 28.13;
57.01) adjusted for population size and other covariates
(Table 4). In addition, each 1% increase in the percent-
age of children age 0–17 living in the census block was
associated with increased weekly unit sales of unhealthy
snacks of 62.73 (95% CI 26.88; 98.59).

Discussion
We used sales data from a small-format national DVS
chain and neighborhood characteristic measures to
examine the relationship between neighborhood disad-
vantage and sales of unhealthy products (tobacco, alco-
hol, and unhealthy snack foods). Tobacco sales were
greater in neighborhoods with greater disadvantage. This
may be due to more tobacco advertising in lower SES
neighborhoods [52, 53], higher levels of stress among
residents [54, 55], and/or greater access to tobacco prod-
ucts [30, 32]. Also, as neighborhood deprivation in-
creased, the sales of unhealthy snack foods increased
[44, 47]. Similar to tobacco sales this may be due to in-
creased advertising for unhealthy snack foods found in
lower SES neighborhoods [38], increased levels of stress

Table 1 Neighborhood Socio-Demographic Characteristics of 16 Discount Variety Storesa

Neighborhood Characteristics Store Median [IQRb]
N = 16 stores

ADI national rank percentilec 87 [83,89]

Household income (in dollars) 25,827 [20,387, 35,320]

Population Size 1068 [901,1889]

Percent of population that is Non-Hispanic African-American 74 [61,87]

Percent population ages 0–17 25 [23,29]

Walk Scored 48 [39,59]
a Neighborhood is defined as the US Census Block Group for household income, percent of African-American households; US Census Tract for percent of
households with no vehicle access and percent of households participating in the Supplemental Nutrition Assistance Program, a federal program that provides
nutrition benefits to low income individuals and families (SNAP); and store address determined neighborhood Walk Score (www.walkscore.com)
b Interquartile Range (IQR)
c ADI is the Area Deprivation Index measured as a percentile of Census Block Groups throughout the US, where the 99th percentile is the highest level of
neighborhood disadvantage
d Walk Score ranged from 0 to 100, with 100 being the most walkable

Table 2 Relationship between Area Deprivation Index and Neighborhooda Characteristics and the Number of Tobacco Units Sold
on Average by Store per Week

Neighborhood Socio-Demographic Characteristics Coefficient p-value 95% Confidence Level

ADI national percentileb 11.48 0.02 4.37 18.52

Percent of population that is Non-Hispanic African-American −6.16 0.01 −9.35 −2.98

Percent population ages 0–17 22.00 0.05 4.35 39.64

Walk scorec −6.18 0.03 −10.78 −1.59

Conditional R-squared = 0.85
a Neighborhood is defined as the US Census Block Group for household income, percent of Non-Hispanic African-American households; US Census Tract for
percent of households with no vehicle access and percent of households participating in the Supplemental Nutrition Assistance Program, a federal program that
provides nutrition benefits to low income individuals and families (SNAP); and store address determined neighborhood Walk Score (www.walkscore.com)
b ADI is the Area Deprivation Index, measured as a percentile of Census Block Groups throughout the US, where the 99th percentile is the highest level of
neighborhood disadvantage
c Walk Score ranged from 0 to 100, with 100 being the most walkable
Note: analyses were controlled for sales week (1–85) and population size; coefficients are not standardized
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among residents [39], and/or increased access to un-
healthy snack products in these communities [37]. There
is also evidence that many people with lower income in
the United States deliberately choose high fat foods to
fulfill caloric needs, a factor that may have contributed
to the results [56].
We did not find a relationship between neighborhood

characteristics and alcohol sales. However, this result
may be due in part to limitations of our data: only 8 of
the 16 stores sold alcohol, which limited our statistical
power. There were generally no clear differences be-
tween the neighborhoods in which DVS locations chose
to sell alcohol and those in DVS locations did not. The
decision to sell alcohol in these DVSs may be dependent
on factors such as store or local alcohol sale policies or
local opposition to alcohol sales, although the DVSs in
this study were located in states and municipalities that
allowed alcohol sales in DVSs. Our study focused on
stores located in low- to very low-SES neighborhoods.
The lack of statistical significance for alcohol measures
may also be due to the fact that we did not compare
stores in high SES communities to stores in low SES
communities; that feature of our analysis limited vari-
ation, and therefore also statistical power, although it

offered the advantage of controlling for community SES.
However, there may be granular levels of correlation
among certain neighborhood characteristics (such as in-
come level, demographic data, and level of neighborhood
support or criticism of alcohol sales) and alcohol sales.
In our future research, we would like to investigate
whether or not that is the case. Future research to exam-
ine why stores like DVS choose not to sell alcohol when
it is legal to do so would also be useful, particularly as
that choice may be associated with local patterns of food
consumption or tobacco use.
Neighborhoods with higher proportions of children

had higher sales of unhealthy snacks. The majority of
children (87%) and adults (87%) report snacking each
day; other research has found that American adults eat
over 500 cal per day while snacking [44, 47]. It may be
that the unhealthy snack foods assessed in this study
appealed to children more than adults. For instance,
from previous research we are aware that the majority of
snack calories that children consume are from desserts,
sweets, and salty foods [47]. Research looking at the
snacking calories consumed by adults includes alcohol
[44], which in the current study was captured in a separ-
ate outcome variable.

Table 3 Relationship between Area Deprivation Index and Neighborhood Characteristics and the Number of Alcohol Units Sold on
Average by Store per Weeka

Neighborhood Socio-Demographic Characteristics Coefficient p-value 95% Confidence Interval

ADI national percentileb −11.34 0.35 −38.60 15.91

Percent of population that is Non-Hispanic African-American −5.13 0.17 −12.13 1.88

Percent population ages 0–17 21.00 0.26 −18.87 60.79

Walk scorec 0.49 0.91 −11.01 11.98

Conditional R-squared = 0.87
a Neighborhood is defined as the US Census Block Group for household income, percent of African-American households; US Census Track for percent of
households with no vehicle access and percent of households participating in the Supplemental Nutrition Assistance Program, a federal program that provides
nutrition benefits to low income individuals and families (SNAP); and store address determined neighborhood Walk Score (www.walkscore.com)
b ADI is the Area Deprivation Index measured as a percentile of Census Block Groups throughout the US, where the 99th percentile is the highest level of
neighborhood disadvantage
c Walk Score ranged from 0 to 100, with 100 being the most walkable
Note: analyses controlled for sales week (1–85) and population size; coefficients are not standardized

Table 4 Relationship between Area Deprivation Index and Neighborhood Characteristics and the Number of Unhealthy Snack Food
Units Sold on Average by Store per Weeka

Neighborhood Socio-Demographic Characteristics Coefficient P-value 95% Confidence Interval

ADI national percentileb 42.57 < 0.001 26.67 58.45

Percent of population that is African-American −5.52 0.19 −12.64 1.60

Percent population ages 0–17 62.73 0.02 23.28 102.18

Walk scorec −7.35 0.22 −17.61 2.92

Conditional R-squared = 0.64
a Neighborhood is defined as the US Census Block Group for household income, percent of African-American households; US Census Tract for percent of
households with no vehicle access and percent of households participating in the Supplemental Nutrition Assistance Program, a federal program that provides
nutrition benefits to low income individuals and families (SNAP); and store address determined neighborhood Walk Score (www.walkscore.com)
b ADI is the Area Deprivation Index measured as a percentile of Census Block Groups throughout the US, where the 99th percentile being the highest level of
neighborhood disadvantage
c Walk Score ranged from 0 to 100 with 100 being the most walkable
Note: analyses controlled for sales week (1–85) and population size; coefficients were not standardized
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Also, there was a negative relationship between the
percentage of the population that was non-Hispanic Af-
rican American and tobacco sales [57]. Previous studies
found that tobacco outlet density increased as the pro-
portion of African Americans increased [30], and that
residents in areas with more tobacco outlets were more
likely to smoke [32]. Other researchers found that in
some racially integrated neighborhoods White residents
were more likely to smoke than African American resi-
dents, and that these behaviors can be explained by the
social environment [45]. For example, LaVeist et al. [45]
found that when whites and African Americans lived in
similar conditions, health disparities either decreased, or
completely disappeared. The authors concluded that
there may be few racial disparities when social factors
are equalized [45].

Limitations
Our results were based on sales at only 16 stores. How-
ever, researchers have rarely had access to detailed pro-
prietary data such as the data we used, and our time
series data were quite rich with weekly sales over 18
months. This study represented deprived areas, primarily
in the Southeastern United States; the findings may not
apply to less deprived areas or other regions, or to areas
with more racial and socioeconomic diversity. However,
the demographic characteristics of the neighborhoods
we studied were similar to other low income neighbor-
hoods throughout the Southeast. The data indicated
whether products were purchased but did not confirm
that the products were consumed. Also, individuals who
make purchases at DVS may not live in the same census
block group. It is quite possible that individuals who live
and work in neighborhoods with a different ADI pur-
chased the unhealthy products studied in this analysis.

Conclusions
We examined the relationship between neighborhood
disadvantage and the sales of tobacco, alcohol, and un-
healthy snack food in 16 discount variety stores in the
United States. We found that as neighborhood disadvan-
tage increased the units of tobacco products and un-
healthy snack foods sold increased. We did not find a
difference in alcohol sales by neighborhood disadvan-
tage. Although there could be selection mechanisms and
reverse causation between health behaviors and area
deprivation, in this study the goods sold in the DVS
stores were consistent across neighborhoods except for
alcohol. Thus, there was no evidence that the products
offered for sale, including tobacco products, varied in re-
sponse to variation in the characteristics of area popula-
tions. People living in disadvantaged neighborhoods are
at higher risk for chronic disease and premature death
[2, 3]. Greater sales of tobacco products and unhealthy

snack foods in disadvantaged neighborhoods may help
explain the pathway between neighborhood deprivation
and these poor health outcomes. This is the first study
to use purchasing data to examine the relationship be-
tween neighborhood deprivation and the sales of alcohol,
tobacco, and unhealthy snack foods products. It would
be useful for future research to better understand the so-
cial and environmental factors that influence the sales of
tobacco and unhealthy snack foods in deprived
neighborhoods.
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