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The Influence of Tobacco Retailer Density
and Poverty on Tobacco Use in a Densely
Populated Urban Environment
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Abstract

Objectives: Researchers have identified associations between neighborhood-level factors (eg, income level, tobacco retailer
density) and smoking behavior, but few studies have assessed these factors in urban environments. We explored the effect of
tobacco retailer density, neighborhood poverty, and housing type (multiunit and public) on smoking in a large urban envi-
ronment (New York City).

Methods: We used data on smoking prevalence and individual sociodemographic characteristics from the 2011-2013
New York City Community Health Survey, data on tobacco retailers from the 2012 New York City Department of Con-
sumer Affairs, data on neighborhood sociodemographic characteristics and population density from the 2009-2013 American
Community Survey, and data on multiunit and public housing from the 2012 New York City Primary Land Use Tax Lot Output
data set. We used aggregate neighborhood-level variables and ordinary least squares regression, geographic weighted
regression, and multilevel models to assess the effects of tobacco retailer density and neighborhood poverty on smoking
prevalence, adjusting for sociodemographic characteristics (age, sex, race/ethnicity, and education) and neighborhood pop-
ulation density. We also assessed interactions between tobacco retailer density and poverty and each housing type on smoking.

Results: Neighborhood poverty positively and significantly modified the association between tobacco retailer density
and prevalence of neighborhood smoking (b ¼ 0.003, P ¼ .01) when we controlled for population density, socio-
demographic characteristics, and types of housing. Neighborhood poverty was positively associated with the prevalence
of individual smoking (b ¼ 0.0099, P < .001) when we adjusted for population density, sociodemographic characteristics,
and type of housing.

Conclusion: More research is needed to determine all the environmental factors associated with smoking prevalence in a
densely populated urban environment.
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Although smoking prevalence has declined for years in the

United States, the decline has been inconsistent across geo-

graphic areas.1 In 2013, the prevalence of smoking ranged

from 10.3% in Utah to 27.3% in West Virginia.1 Smoking

prevalence in smaller geographic areas also varied. In New

York State, smoking prevalence ranged from 10.2% in Rock-

land County to 30.6% in Cayuga County during 2013-2014,

and within-county variation by neighborhoods was likely.2

Neighborhood income has also been correlated with smok-

ing; studies showed that residents of low-income neighbor-

hoods were more likely than residents of high-income

neighborhood to be smokers.3-7 Hypothesized mechanisms

explaining this association included varying social norms,

enforcement of smoking regulation, tobacco advertising

density, and individual-level factors such as psychosocial

stress.3-7 However, findings were not consistent. For

1 Bureau of Chronic Disease Prevention and Tobacco Control, New York

City Department of Health and Mental Hygiene, Long Island City, NY, USA
2 Urban GISc Laboratory, Lehman College, Bronx, NY, USA
3 Rollins School of Public Health, Emory University, Atlanta, GA, USA
4 Department of Population Health, New York University, New York, NY,

USA

Corresponding Author:

Shannon M. Farley, DrPH, New York City Department of Health and Mental

Hygiene, Bureau of Chronic Disease Prevention and Tobacco Control,

42-09 28th St, CN-46, Long Island City, NY 11101, USA.

Email: sfarley@health.nyc.gov

Public Health Reports
2019, Vol. 134(2) 164-171

ª 2019, Association of Schools and
Programs of Public Health

All rights reserved.
Article reuse guidelines:

sagepub.com/journals-permissions
DOI: 10.1177/0033354918824330

journals.sagepub.com/home/phr

mailto:sfarley@health.nyc.gov
https://sagepub.com/journals-permissions
https://doi.org/10.1177/0033354918824330
http://journals.sagepub.com/home/phr


example, a study in New York City found no association

between neighborhood income and smoking after adjusting

for individual-level covariates.8

Other environmental factors hypothesized to influence

smoking have included density of neighborhood tobacco

retailers and distance to tobacco retailers. Several cross-

sectional studies found positive associations between retailer

density and smoking.9-12 However, in several cases, results

attenuated after adjusting for sociodemographic characteris-

tics, particularly neighborhood income.9-11 Distinguishing

whether observed neighborhood predictors of smoking beha-

vior were causal drivers or reflected residual confounding by

population composition was a methodologic challenge.

Studies examining the potential role of neighborhood

attributes on smoking have either examined correlations

between neighborhood-level attributes and smoking pre-

valence at an ecological level or used multilevel regres-

sion models to account for clustering and adjust for

neighborhood- or individual-level confounding.3-12

Although using multilevel regression models avoids

potential ecological fallacy interpretations when they use

aggregated data, they require larger sample sizes and

interpret risk only at the individual level. Both study types

are potentially influenced by the range of variability

among neighborhood attributes in the populations exam-

ined. The conflating of urban versus rural environments

may contribute to the inconsistency of findings.

Several studies identified positive associations between

living in urban environments and tobacco retailer density,

but smoking prevalence was similar across urban and rural

jurisdictions.3,7,13 One study in New York City that exam-

ined the same data by using ecological models and multilevel

regression models found no association between neighbor-

hood income and smoking.8 To our knowledge, no studies

have explored the effect of tobacco retailer density on smok-

ing in densely populated urban areas such as New York City,

where residential and retail locations are likely distributed in

a clustered manner. The association between tobacco retailer

density and smoking might also be modified by the type of

housing (multiunit or public) in neighborhoods or other fac-

tors that capture variability in residential interaction with

tobacco retailers, as shown in studies that examined the rela-

tionship between density of alcohol retailers and urban vio-

lence.14-16 Although the prevalence of smoking in New York

City was relatively low (13.3%) in 2013-2014, a high density

of housing and tobacco retailers may influence the preva-

lence of smoking locally rather than statewide.2,17 Several

studies suggested that income or race/ethnicity may modify

the relationship between retailer density and smoking.9,10,18

With both a wide variety of housing types and more than

9000 tobacco retailers that expose New York City residents

to tobacco purchasing opportunities, New York City is a

prime setting for examining urban environmental influences

on smoking. We explore the effect of tobacco retailer den-

sity, neighborhood poverty, and housing types (multiunit and

public) on smoking in New York City.

Methods

Measures and Data Sources

Neighborhoods. New York City has 59 community districts

(rounded mean population per district ¼ 142 000). Commu-

nity districts are an administrative neighborhood designation

determined by the New York City Department of City Plan-

ning. In our study, community districts are referred to as

neighborhoods, the smallest available geographic unit of

analysis for examining smoking prevalence, and they have

been used in previous studies.1,8,19

Outcome measures. The outcome measures were neighbor-

hood smoking prevalence and individual smoking behavior

among respondents to the 2011-2013 New York City Com-

munity Health Survey (CHS).20 The CHS is an annual

cross-sectional telephone survey on the health of adults aged

�18 in New York City that is modeled on the Behavioral Risk

Factor Surveillance System. CHS data are weighted to account

for probability of selection and post-stratification weights.

Post-stratification weights are created by weighting the sam-

ple to the community district populations, by age, sex, and

race/ethnicity. Responses are weighted to account for the adult

population distribution comprising 3 telephone usage cate-

gories (landline only, landline and cell phone, and cell phone

only) by using data from the New York City Housing and

Vacancy Survey.20 Current smoking prevalence was based

on a response of yes to 2 questions: (1) Have you ever smoked

more than 100 cigarettes? and (2) Do you now smoke every

day or some days? The outcome for the ecological analyses

was neighborhood smoking prevalence; that is, the percentage

of adult smokers per community district determined from

aggregated data on self-reported smoking behavior among

respondents to the 2011-2013 CHS. The outcome for the mul-

tilevel analysis was individual-level smoking behavior.

Exposure measures. The exposures of interest were tobacco

retailer density and neighborhood poverty. The New York

City Department of Consumer Affairs provided 2012 New

York City tobacco retailer listings.21 Of 9787 licensed

tobacco retailers, we excluded 309 because of invalid

addresses and 19 because they were located at airports, leav-

ing 9459 licensed tobacco retailers with valid New York City

addresses geocoded. We mapped licensed tobacco retailer

locations and calculated the number of tobacco retailers per

neighborhood. We converted tobacco retailer locations into a

statistical surface by using a mathematical kernel function

that weights retailers on the basis of proximity to each other.

This process reduces “edge effects,” whereby retailers on the

boundary of a neighborhood will only be represented in the

neighborhood into which they fall, and creates a more

nuanced measure of exposure to tobacco retailers than the

number of tobacco retailers per neighborhood. We used ker-

nel density estimate (KDE) to measure tobacco retailer

accessibility, turning map points into a smooth surface to

provide a visual representation of retailer density. By using

Farley et al 165



KDE, we created a 50-meter raster surface showing retailer

density in New York City, addressing edge effects.22 We

assigned the KDE bandwidth a 1-mile radius. Bandwidth

defines the spatial boundaries for the geographic weighted

regression (GWR) calculations. We conducted KDE sensi-

tivity analyses by using ¼-, ½-, and 1-mile radii for tobacco

retailers on neighborhood smoking prevalence. The 1-mile

bandwidth explained more variance than the other radii, with

a lower Akaike information criterion measure from GWR. In

addition, we considered 1 mile to be a reasonable walking

distance to a tobacco retailer.23 We converted KDE output

estimates into a density-per-square-mile scale for ease of

interpretation in ecological and multilevel analyses.

We defined neighborhood poverty as the percentage of

adults aged �18 who were living at <100% of the federal

poverty level (FPL) per neighborhood. We used data from

the 2011-2013 CHS to determine percentage of neighbor-

hood poverty.

Covariates. The covariates included population density, sex,

race/ethnicity, education, age, and multiunit and public hous-

ing. We used data on population density from the 2009-2013

American Community Survey (ACS) for all analyses.24 We

calculated population density by dividing the census unit

population by the census unit area.25 We divided the total

ACS adult population (aged �18) by the US Census square

mileage per neighborhood, creating a population density

layer. We also used ACS data on the percentage of young

adults aged 18-24 in each neighborhood for ecological anal-

yses. Additional covariates included percentage of residents

in each neighborhood who were female, non-Hispanic black,

Hispanic, and�college graduate in ecological analyses. CHS

individual-level variables used in multilevel regression anal-

yses were race/ethnicity (non-Hispanic white, non-Hispanic

black, non-Hispanic Asian, non-Hispanic other, and Hispa-

nic) and age (18-24, 25-44, 45-64, and �65).

We focused on 2 types of housing: multiunit housing and

New York City Housing Authority (NYCHA) housing. We

established these categories on the basis of the New York

City Department of City Planning’s 2012 New York City

Primary Land Use Tax Lot Output (PLUTO) data, which

combines data on land use and geography at the tax lot

level.26 PLUTO contains information on the number of

residential units that were used to determine whether a

building is considered multiunit. We used the definition

of multiunit from the New York City Housing and Vacancy

Survey, which considers �3 units to be multiunit.27 We

determined that a building was public housing when the

building owner’s name in PLUTO was listed as NYCHA.

We calculated the percentage of multiunit housing and the

percentage of NYCHA housing in each neighborhood for

all analyses. The numerator for multiunit housing was the

percentage of buildings in PLUTO with �3 units, the

numerator for NYCHA housing was the percentage of

buildings in PLUTO listed as NYCHA, and the denomina-

tor for both was all residential buildings.

Statistical Analyses

Preliminary analyses. We aggregated and mapped data on

tobacco retailer density, neighborhood poverty, population

density, and housing type (multiunit or NYCHA) at the

neighborhood level by using Jenks Natural Breaks classifi-

cation, which uses natural groupings within the data to iden-

tify the best breaks for grouping data.28 We assessed tobacco

retailers spatially by using KDE, and we aggregated the

smooth surface estimates to the neighborhood level by turn-

ing the spatial estimates into statistics that could be used in

regression analyses, thereby standardizing all geographic

units. We used a Global Moran’s I test for data clustering,

randomly distributed or dispersed in space, to assess the

spatial distribution of smoking prevalence by neighborhood.

Ecological analyses. We used aggregate neighborhood-level

variables and ordinary least squares (OLS) regression to

assess the effects of tobacco retailer density and neighbor-

hood poverty on smoking prevalence in unadjusted and

adjusted analyses. Adjusted models included sociodemo-

graphic characteristics (age, sex, race/ethnicity, and educa-

tion) and neighborhood population density. A fully adjusted

OLS model assessed the association of tobacco retailer den-

sity and neighborhood poverty on neighborhood smoking

prevalence, adjusting for population density and neighbor-

hood sociodemographic characteristics. We assessed the

potential for effect modification in all final models. We

examined tobacco retailer density and neighborhood poverty

interactions across all models, and we assessed interactions

between tobacco retailer density and each housing type. We

assessed significant correlations between model covariates

by using the variance inflation factor, a diagnostic test for

multicollinearity. We removed covariates with a variance

inflation factor �7.5 in a stepwise manner to determine final

adjusted models.

We evaluated models with GWR, accounting for locally

varying spatial relationships.22,29-34 GWR conducts multiple

local regressions, adjusting each regression point with

nearby data. GWR can account for spatial non-stationarity,

allowing the model to vary locally, because some relation-

ships may vary spatially.30 Spatial non-stationarity is when

model coefficients are not fixed over space, and associations

fluctuate based on location. Significant correlations between

GWR model covariates led to diagnostic tests for multicolli-

nearity, and we adjusted model covariates. We determined

ecological model best fit by using the Akaike information

criterion, the best indicator of GWR model performance.35

Multilevel analyses. We calculated a pseudo-intraclass correla-

tion coefficient to estimate variability between neighbor-

hoods.36 We examined neighborhood-level influences on

individual-level smoking by using multilevel regression

models. Individual-level variables were smoking, age, race/

ethnicity, sex, income, and education. Multilevel regression

models account for non-independence of observations within
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groups, the non-independence of errors, and correlations

among individual-level variables nested within neighbor-

hoods. Neighborhood-level variables aggregated into com-

munity districts were retailer density, poverty, population

density, multiunit housing density, and NYCHA housing

density. First, an empty model (ie, a model with no indepen-

dent variables) characterized neighborhood variability in

smoking. Next, we examined main exposures and adjusted

for neighborhood-level factors. Then we included individual-

level sociodemographic characteristics to reduce confound-

ing. Finally, we examined possible effect modifications

between tobacco retailer density and neighborhood poverty

and each housing type. We did not spatially enable multi-

level regression models.

We conducted the mapping, KDE, OLS regression, and

GWR by using ArcGIS version 10.0.37 We conducted all

ecological analyses by using SAS version 9.2 and SUDAAN

version 11.0.1, and we conducted all multilevel regression

model analyses by using HLM version 7.38-40

Results

Descriptive Findings

Poverty level, population density, density of multiunit hous-

ing, and density of NYCHA housing varied across neighbor-

hoods. The average percentage of the population living in

poverty per neighborhood was 24.8% (range, 4.3%-47.5%)

(Figure 1A). Population density ranged from 5000 to 97 000

persons per square mile (Figure 1B). The average percentage

of multiunit housing was 17.9% (range, <1.0%-91.9%) (Fig-

ure 1C). The average percentage of NYCHA housing was

0.1% (range, 0%-2.5%) (Figure 1D).

The smoking prevalence in New York City overall was

15.4%; smoking prevalence by neighborhood ranged from

10.0% to 22.6% (Figure 1E). The number of tobacco retailers

per neighborhood ranged from 76 to 365 (Figure 1F). The

KDE map (Figure 1G) of licensed tobacco retailers showed

high-density patterns of tobacco retailers in Manhattan,

South Bronx, and parts of Brooklyn and Queens, which were

similar to the patterns generated by counting the number of

retailers (Figure 1E), except in Staten Island.

The Global Moran’s I test (index ¼ 0.16; P ¼ .004) indi-

cated that neighborhood smoking prevalence was spatially

clustered, and the possibility that the spatial pattern was due

to random chance was <1%.

Ecological Analyses

OLS regression. An adjusted interaction model between

tobacco retailer density and neighborhood poverty found that

for each percentage-point increase in poverty, the association

between tobacco retailer density and smoking prevalence

increased by 0.003 (P ¼ .01) (Table). The interaction model

was significant overall (P ¼ .02) and a better fit than the

adjusted model (Akaike information criterion ¼ 303.97 vs

309.41; R2 ¼ 16% vs 5%). Adding type of housing did not

improve model fit. Smoking prevalence increased with

increased tobacco retailer density and neighborhood poverty,

but the marginal effects of tobacco retailers on smoking pre-

valence at 2 poverty levels (low and high) were not significant

(P ¼ .86) (Figure 2). The fully adjusted GWR model with the

tobacco retailer–poverty interaction on smoking had the same

Akaike information criterion and R2 values as those of the

OLS model, indicating no improvement in model fit when

allowing for potential spatial non-stationarity at the neighbor-

hood level. GWR bandwidth was large, indicating that the

model operated as a global model rather than a local model.

Multilevel Regression Analyses

In the examination of the associations between neighborhood

poverty and tobacco retailer density and individual-level

smoking behavior, the pseudo-intraclass correlation esti-

mated that neighborhood-level variance was 1%, indicating

low correlation among persons residing in the same neigh-

borhood. In the fully adjusted multilevel regression model

examining the effect of tobacco retailer density and neigh-

borhood poverty on individual smoking behavior, adjusting

for population density and individual sociodemographic

characteristics, the tobacco retailer–smoking association was

positive and not significant (b ¼ 0.0013; SE ¼ 0.0001; P ¼
.19) and the poverty-smoking association was positive and

significant (b ¼ 0.0099; SE ¼ 0.002; P < .001). The tobacco

retailer–poverty interaction was not significant (P ¼ .13).

Additional models found that housing type did not have a

strong effect on smoking.

Discussion

We found that the interaction of retailer density and poverty

positively predicted neighborhood smoking prevalence, sug-

gesting that communities may have differing vulnerabilities

to the presence and marketing of tobacco products, depend-

ing on income. Type of housing did not independently pre-

dict smoking prevalence or behavior, nor significantly

influence other observed associations.

Neighborhood poverty had a marginally positive association

with smoking prevalence in ecological models and was posi-

tively associated with individual smoking behavior in multilevel

regression models. Some studies using multilevel regression

models identified positive associations between neighborhood

income and smoking,3-7 other studies showed that individual

income was a better predictor of smoking than neighborhood

income, and yet another study found no neighborhood income

association with smoking.6,7 Our study was unique in finding

the significant modifying effect of neighborhood poverty on the

retailer–smoking association in ecological analyses. In our

study, a higher level of neighborhood poverty was associated

with individual smoking behavior in multilevel models.

Patterns of smoking in New York City do not always

conform to well-established associations between
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environmental risk factors and smoking that have been

described elsewhere. There may be factors unique to densely

populated environments that are not comparable with more

rural environments, such as the clustered nature of retail

establishments and places of residence. Research from Iowa

also had unexpected results, finding associations among

higher retailer density, increased smoking prevalence, and

higher income levels.12 A previous New York City study

found no association between neighborhood median income

or individual income and individual smoking in ecological or

multilevel regression analyses.8 Although that study identi-

fied positive results, associations were not significant, poten-

tially reflecting limited statistical power or varying

distributions of poverty or smoking at the time. We found

that neighborhood income significantly predicted individual

smoking in multilevel regression models.

We expanded typical investigations of smoking predictors

by accounting for locally varying spatial relationships that

may affect associations between environmental factors that

influence behaviors. Although GWR generally produced a

better fit than OLS, the magnitude of improvement was

small, suggesting that GWR is not necessary at this high

level of aggregation. Future analyses using smaller neighbor-

hood areas may demonstrate more spatial variance that might

better explain environmental effects.

Strengths and Limitations

This study had several strengths. First, we examined relation-

ships between neighborhood attributes and smoking preva-

lence at the neighborhood level and smoking behavior at the

individual level. Both were important because the environ-

ment can play an important role in shaping individual health

outcomes and aggregated group patterns.41 Second, this

study used population-based data from multiple sources and

administrative data for spatial and multilevel analyses to

assess multiple environmental factors simultaneously, which

broadened the scope of the analysis. Third, we used KDE to

represent the spatial distribution of tobacco retailers because

it is not confined by administrative boundaries, which

reduces edge effects. A final strength was that we built anal-

yses on previously published work methodologically and

conceptually to contribute information on a densely popu-

lated environment.

Table. Comparison of adjusted ordinary least squares and geographically weighted regression ecological models examining the effect of
licensed tobacco retailer density and poverty on smoking prevalence across neighborhoods, New York City, 2009-2013a

Factor

Ordinary Least
Squaresb Geographic Weighted Regressionc

Coefficient (SE)
P Value Minimum 1st Quartile Median 3rd Quartile Maximum

Intercept 16.78 (2.88) [<.001) — — — — —
Density of licensed tobacco retailersd –0.06 (0.03) [.07] –0.057 –0.057 –0.057 –0.057 –0.057
Neighborhood povertye –0.10 (0.09) [.27] –0.101 –0.101 –0.101 –0.101 –0.110
Interaction between density of licensed tobacco

retailers and neighborhood povertyd,e
0.003 (0.001) [.01] 0.003 0.003 0.003 0.003 0.003

Abbreviation: —, does not apply.
aAdjusted models included percentage of residents aged 18-24, percentage black residents, percentage Hispanic residents, and neighborhood population
density. Data source: 2009-2013 American Community Survey.24

bR2 ¼ 16%; Akaike information criterion ¼ 303.97; joint F statistic ¼ 2.59; P ¼ .02.
cR2¼ 16%; Akaike information criterion¼ 303.98; bandwidth¼ 297.3 miles. Bandwidth defines the spatial boundaries for the geographic weighted regression
calculations.
dData source: New York City Department of Consumer Affairs, 2012.21

eDefined as the percentage of adults aged�18 who were living at <100% of the federal poverty level. “Neighborhood” is defined as a community district. Data
source: New York City Community Health Survey 2011-2013.20
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Figure 2. The marginal effects of the association between poverty
level and licensed tobacco retailer density on the prevalence of
smoking, New York City. Data on tobacco retailers are from the
New York City Department of Consumer Affairs, 2012.21 Data on
poverty and smoking prevalence are from the 2011-2013 New York
City Community Health Survey.20 Low-level poverty was defined as
the percentage of adults aged �18 who were living at <100% of the
federal poverty level. High-level poverty was defined as the per-
centage of adults aged�18 who were living at�100% of the federal
poverty level. A low density of licensed tobacco retailers was
defined as <53 licensed tobacco retailers and a high density as >168
licensed tobacco retailers. P value for the interaction ¼ .86.
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This study also had several limitations. First, we used

cross-sectional data; as such, results assessed associations

rather than causal relationships. Second, administrative

boundaries (ie, community districts) may not accurately

define neighborhoods as residents define their neighbor-

hoods, resulting in misclassification that may introduce

bias, because administrative data are based on place of

domicile. Third, proximity that is spatially defined on a

map may not accurately represent social or personal

choices that may affect potential exposures. Using com-

munity districts, which are large geographic areas, to rep-

resent neighborhoods may not provide enough spatial

variation to accurately assess spatial differences in expo-

sures. Heterogeneity likely exists within the neighborhood

areas, yet high population and housing density in New

York City indicates a shared built environment and socio-

economic characteristics, making the community district a

reasonable neighborhood proxy.1,8,19 Analyses should be

examined at smaller levels of geography, such as the ZIP

code or census tract level. Fourth, because of the high

density of tobacco retailers in business districts and trans-

portation hubs, analyses of relationships with housing

may have been confounded. Future analyses should

include land use as a potential covariate because land use

might be associated with smoking prevalence in densely

populated areas. Fifth, the ecological analyses may be

subject to ecological fallacy when assumptions about indi-

viduals are made from aggregated data; however, all pre-

dictors in this study were interpreted in terms of

neighborhood prevalence. Sixth, this study assessed rela-

tionships between type of housing and retailers; however,

exposure to retailers can happen anywhere, not just near

home. Seventh, GWR does not provide a P value, which

made it challenging to assess model significance. Eighth,

our models may not have included all covariates needed

to explain the associations, which may have resulted in

worse model fit. Finally, the neighborhoods may not have

been sufficiently numerous to show enough variation to

make multilevel regression models useful because the

pseudo-intraclass correlation was only 1%, indicating

almost no variation within neighborhoods.

Conclusion

New York City may have some properties unique to densely

populated environments that resulted in different observa-

tions of neighborhood influences on smoking prevalence and

behavior than in other settings. Our study supports the idea

that further research into environmental risk factors and

smaller neighborhood scales is necessary across jurisdictions

to improve our understanding of which environmental fac-

tors can be addressed to further reduce smoking prevalence.
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