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Although the prevalence of smoking has de-
creased substantially over the past few decades,
smoking remains the leading cause of pre-
ventable death and disability among adults in
the United States.1 A key public health strategy
to reduce the deleterious health effects of to-
bacco use is to decrease the prevalence of
smoking by increasing smoking cessation rates.2

Previous public health and policy approaches
to affect smoking prevalence have included
restrictions on tobacco advertising, counter-
advertising campaigns, bans on smoking in
public places, increases in federal and state
cigarette excise taxes, and increases in the
availability of treatment programs. The effec-
tiveness of these approaches in increasing
smoking cessation rates has been supported
by the literature.3–5 However, additional to-
bacco control strategies are needed to achieve
national public health goals.2

One potential area of expansion for tobacco
control policies is the regulation of tobacco
retail outlets. Regulation strategies are
designed to facilitate behavior change by
altering structural aspects of the community
context in which problematic behavior oc-
curs.6 An analogous area in which regulation
strategies have been applied is alcohol bev-
erage retail outlets. In this case, regulation
strategies have included the implementation
of zoning restrictions to reduce the density of
alcohol outlets and the proximity of alcohol
outlets to residential areas. It was hypothe-
sized that such regulations would affect
problematic alcohol use at a community level
by decreasing residents’ access to alcohol,
reducing exposure to on-site product market-
ing, and changing social norms about alcohol
use.7 Ultimately, research supported the
success of these policies in reducing prob-
lematic alcohol use and alcohol-related injury,
crimes, and violence.7–9 In contrast to the
alcohol arena, little attention has been paid
thus far to the potential utility of tobacco outlet

regulation strategies as a supplement to existing
tobacco control policies.

The Family Smoking Prevention and To-
bacco Control Act, signed into law in June
2009, greatly expands the federal govern-
ment’s ability to enact new public health
policies related to tobacco sales in the United
States. If one considers the success of alcohol
outlet regulation strategies on curbing al-
cohol use, an increased understanding of the
effects of tobacco retail outlets on smoking
behaviors may provide direction to emerging
tobacco control policies. Thus far, studies
largely support associations between tobacco
retail outlets and smoking behaviors. For
example, the density of tobacco retail outlets
around schools has been linked to adolescent
smoking initiation10 and purchasing habits.11

Similarly, the density of tobacco outlets around
the home, as well as the proximity of tobacco
outlets to the home, has been associated with the
number of cigarettes consumed per day among
adult smokers.12 In another study, greater
smoker sensitivity to point-of-sale advertising at

tobacco outlets predicted a reduced likelihood of
having quit smoking 18 months later.13 How-
ever, no previous studies have directly exam-
ined the effects of tobacco outlet density and
proximity on smoking cessation during a spe-
cific quit attempt.

The purpose of our study was to examine the
effect of tobacco retail outlet density and
proximity on smoking cessation among a ra-
cially/ethnically diverse group of smokers un-
dergoing a specific quit attempt. We had two
hypotheses. The first was that greater density
of tobacco outlets around participants’ homes
would be associated with lower odds of cessa-
tion. The second was that close residential
proximity to a tobacco retail outlet would be
associated with lower odds of cessation. All
analyses controlled for participant demo-
graphics and tobacco-related variables. To our
knowledge, this is the first study to examine the
effects of tobacco retail outlets on a smoking
quit attempt using a prospective, longitudinal
design and biochemically verified smoking
abstinence.

Objectives. We examined the influence of tobacco outlet density and residen-

tial proximity to tobacco outlets on continuous smoking abstinence 6 months

after a quit attempt.

Methods. We used continuation ratio logit models to examine the relation-

ships of tobacco outlet density and tobacco outlet proximity with biochemically

verified continuous abstinence across weeks 1, 2, 4, and 26 after quitting among

414 adult smokers from Houston, Texas (33% non-Latino White, 34% non-Latino

Black, and 33% Latino). Analyses controlled for age, race/ethnicity, partner

status, education, gender, employment status, prequit smoking rate, and the

number of years smoked.

Results. Residential proximity to tobacco outlets, but not tobacco outlet

density, provided unique information in the prediction of long-term, continuous

abstinence from smoking during a specific quit attempt. Participants residing

less than 250 meters (P=.01) or less than 500 meters (P=.04) from the closest

tobacco outlet were less likely to be abstinent than were those living 250 meters

or farther or 500 meters or farther, respectively, from outlets.

Conclusions. Because residential proximity to tobacco outlets influences

smoking cessation, zoning restrictions to limit tobacco sales in residential areas

may complement existing efforts to reduce tobacco use. (Am J Public Health.

2011;101:315–320. doi:10.2105/AJPH.2010.191676)
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METHODS

We collected data as part of a longitudinal
cohort study, conducted in the Houston, Texas,
metropolitan area, designed to examine social
disparities in smoking cessation.14 Participants
were recruited via local print and radio adver-
tisements and were required to be aged at least
21years, to have smoked at least 5 cigarettes per
day for the past year, to have a home address
and functioning telephone number, to demon-
strate proficiency in English at a 6th grade level
or higher, and to be motivated to quit smoking in
the next 30 days. Potential participants were
excluded if the nicotine patch was contraindi-
cated, if they reported use of tobacco products
other than cigarettes, or if they reported partic-
ipation in a smoking cessation program within
the past 90 days. The original cohort sample
consisted of 424 adult smokers who were
enrolled from April 2005 through April 2007.
All participants received standard smoking ces-
sation treatment as part of the larger cohort
study, which consisted of 6 weeks of nicotine
patch therapy, 6 brief smoking cessation coun-
seling sessions based on the Treating Tobacco
Use and Dependence Clinical Practice Guideline,15

and self-help materials.

Measures

Participant demographics and tobacco-related
variables. We collected demographic and to-
bacco-related variables at baseline and in-
cluded these as covariates in the analysis.
These variables included age, race/ethnicity,
partner status, education, gender, employment
status, prequit smoking rate, and the number of
years smoked. Although we collected income
data, we did not use income as a covariate in
the current study because 47 participants de-
clined to provide this information.

Participant smoking abstinence outcomes.
Continuous abstinence from smoking through
26 weeks after quitting was the outcome of
interest. We defined continuous abstinence as
a self-report of no cigarettes smoked since the
quit date (not even a puff) and an expired
carbon monoxide level of 10 ppm or less.
Smoking status was assessed at weeks 1, 2, 4,
and 26 after quitting. Because the focus was on
continuous abstinence, relapse at any postquit
week resulted in classification as relapsed
from that point forward. An intention-to-treat

procedure was followed, whereby participants
with missing abstinence outcomes were con-
sidered not abstinent (i.e., relapsed). The per-
centage of participants with missing smoking
status at these timepoints ranged from 15%
(week 26) to 18% (week 1).

Participant residential locations. We geocoded
participants’ residential addresses so that the
density of tobacco outlets and the distance to
closest tobacco outlet could be measured. We
obtained participants’ (N=424) residential ad-
dresses from baseline data. Using Environ-
mental Systems Research Institute’s ArcGIS
software version 9.3.1 (ESRI, Redlands CA), we
created an address locator to set parameters for
batch geocoding of the participant addresses
using address points from Centerpoint Energy’s
Houston metropolitan area address database.
The majority of the participants’ residential
addresses were successfully geocoded using the
address locator, but about one quarter required
manual geocoding. Only 10 participants from
the original cohort could not be geocoded (6
participants gave a PO box as their address and
4 participants gave addresses that could not be
found). Therefore, the current study included
414 adult smokers from the original cohort.

Tobacco outlet locations. We obtained tobacco
outlet addresses from the Texas Comptroller
of Public Accounts, who keeps a record of all
the facilities licensed to sell tobacco in Houston
and surrounding areas. We used tobacco outlet
records from 2006 (the midpoint of our en-
rollment) in the current study. We geocoded
tobacco outlet locations (N=7183) using the
same procedures used for geocoding partici-
pant residential locations. The majority of
tobacco outlets were geocoded with the ad-
dress locator, but 7% required manual geo-
coding.

Tobacco outlet density. The measurement of
tobacco outlet density was a 3-step process.
First, 3 road network buffers were created
around each participant’s home by using the
New Service Area tool in the ArcGIS Network
Analyst based on travel distances of 500
meters, 1 kilometer, and 3 kilometers, respec-
tively. These distances are commonly used in
accessibility studies.16–18 Defining a neighbor-
hood based on distance traveled along the street
network is preferable to defining a neighborhood
with a circular buffer based on straight-line
distance from the home, as distance traveled

along the street network more closely approxi-
mates the actual travel effort required to access
goods and services.16 Second, the geocoded
tobacco outlets were overlaid with the road
network neighborhood buffer areas, and
a count of outlets within each buffer was
obtained using the Spatial Join tool within
ArcGIS, which joins the polygons (buffers) to
points (outlets). Finally, the count of outlets
was divided by the actual geographic cover-
age area of each buffer area to obtain the
tobacco outlet density variables. This proce-
dure resulted in 3 predictor variables that
were unique to each participant: the density of
tobacco outlets within 500 meters, 1 kilome-
ter, and 3 kilometers of the participant’s
residence.

Tobacco outlet proximity. To measure the
proximity of each participant’s home to the
closest tobacco outlet we used the New Clos-
est Facility tool in ArcGIS Network Analyst,
which calculates the shortest travel distance in
meters along the street network from the
home to the closest outlet. We dichotomized
tobacco outlet proximity based on the 25th
and 50th percentile values, respectively, for
analyses. This procedure resulted in 2 binary
predictor variables: the closest tobacco outlet
was less than 250 meters from the home
(yes or no) and the closest tobacco outlet was
less than 500 meters from the home (yes or no).

Data Analysis

Because continuous abstinence was the
outcome of interest, we used continuation ratio
(CR) logit models (PROC GENMOD19–21) to
examine the influence of tobacco outlets on
abstinence across weeks 1, 2, 4, and 26 after
quitting. Continuation ratio logit models are
appropriate when ordered categories (e.g., re-
lapsed at week1, abstinent at week1but relapsed
at week 2, abstinent at week 2 but relapsed at
week 4, abstinent at week 4 but relapsed at week
26, and abstinent through week 26) represent
a progression through stages.19–21 The CR logit
models operate by modeling the conditional
probability of being abstinent at the current
assessment point given that a participant has
been abstinent through the most recent assess-
ment point. Because all data in this study were
compiled at the individual level, error related to
the modifiable areal unit problem was minimized
and no statistical adjustment for nesting
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structures was necessary. We performed all
analyses with SAS version 9.1 (SAS Institute,
Cary, NC).

First, we ran respective CR logit models to
assess the relationship of tobacco outlet density
within (1) 500 meters, (2) 1 kilometer, and (3)
3 kilometers of the participant’s residence with
continuous abstinence. Next, we ran respective
CR logit models to assess the relationship of
tobacco outlet proximity within: (1) 250 meters
and (2) 500 meters of the participant’s resi-
dence with continuous abstinence. We ad-
justed all analyses for time and age, race/
ethnicity, partner status, education, gender,
employment status, prequit smoking rate, and
the number of years smoked to isolate the
effect of tobacco outlet density and proximity
on abstinence.

RESULTS

Participants were 414 racially/ethnically di-
verse adult smokers (approximately 33% were
non-Latino White, 34% non-Latino Black, and
33% Latino. Forty-seven percent of partici-
pants were male. As a group, they were pri-
marily low income (37% of responders re-
ported less than $20000 yearly household
income). See Table 1 for participant character-
istics. Participants were spread throughout the
Houston metropolitan area, with at least 1
participant in each of 337 Census block group
areas and 280 Census tracts. Figure 1 shows
the mean center of participants’ residences
(average longitude, average latitude), which
was slightly east of downtown, and indicates
the number of participants in each quadrant of
a grid superimposed on this origin. Of the 7183
tobacco outlets geocoded, 6614 outlets were
located within the 4-quadrant grid and were
relevant to the generation of the outlet density
and proximity variables. Figure 1 shows the
number of tobacco outlets in each quadrant.
On average, there were 1.5 (62.1) tobacco
outlets within the 500-meter buffers
(range=0–14), 6.6 (66.6) outlets within the
1-kilometer buffers (range=0–38), and 50.5
(638.5) outlets within the 3-kilometer buffers
(range=0–244) around participants’ resi-
dences. The proximity of the closest cigarette
outlet to participants’ homes ranged from 16
meters to 5315 meters, with a median distance
of 492 meters and an average distance of

654.7 meters (6606.8). Participants living in
areas with higher tobacco outlet densities were
more likely to be unemployed and without
a partner than were those living in areas with
lower tobacco outlet densities (both P£ .05).
Participants living in closer proximity to a to-
bacco outlet (<250 m) were more likely to be
without a partner and to have smoked for more
years than were those living farther from the
closest outlet (‡250 m; both P<.001).

Tobacco Outlet Density

The density of tobacco outlets around par-
ticipants’ residences was not a significant pre-
dictor of smoking abstinence in any analysis
(for 500 m: b=–0.03; SE=0.02; c2 [1]=2.40;
P=.12; for 1 km: b=–0.01; SE=0.02; c2 [1]=
0.28; P=.6; for 3 km: b= –0.03; SE=0.04;
c2 [1]=0.49; P=.48).

Tobacco Outlet Proximity

The proximity of residence to the closest
tobacco outlet was a significant predictor of
smoking abstinence in both analyses (for <250
m vs ‡250 m: b=–0.62; SE=0.25;
c2[1]=6.46; odds ratio [OR]=0.54; 95%
confidence interval [CI]=0.33, 0.87; P=.01;
for <500 m vs ‡500 m: b=–0.39; SE=0.20;

c2[1]=4.04; OR=0.68; 95% CI=0.46, 0.99;
P=.04). The tobacco outlet proximity by time
interaction was not significant in either analy-
sis, indicating that the effect of outlet proximity
on smoking abstinence did not vary across
postquit weeks (for <250 m vs ‡250 m:
c2[3]=2.70; P=.44; for <500 m vs ‡500 m:
c2[3]=0.21; P=.98).

DISCUSSION

To our knowledge, this is the first longitu-
dinal study assessing the influence of tobacco
retail outlet density and proximity on smoking
abstinence during a specific quit attempt. Re-
sults indicated that residential proximity to the
closest tobacco retail outlet predicted smoking
cessation among racially/ethnically diverse,
adult daily smokers. In this sample, participants
living within a short walking distance (<500
m) of the closest tobacco retail outlet were less
likely to maintain continuous abstinence from
smoking 6 months following a quit attempt
than were those who lived farther from the
closest tobacco retail outlet. The strength of this
relationship increased with decreased distance
(i.e., <250 m) to the closest outlet. These
results add to a growing body of literature

TABLE 1—Participant Characteristics (n=414): Adult Smokers in Houston, TX,

April 2005–April 2007

Demographics and Tobacco-Related Variables % or Mean (SD)

Age, y 41.4 (11.2)

Race/ethnicity, %

Non-Latino White 32.9

Non-Latino Black 34.3

Latino 32.9

Gender, % male 47.0

Married or living with partner, % 34.8

Annual household income <$ 20 000, % 37.0

Education, %

< High school/GED 13.8

High school/GED 28.3

Some college 30.4

College degree 26.6

Not employed, % 41.3

Prequit smoking ratea 21.2 (10.3)

No. of y smoked 21.6 (11.1)

Note. GED = general equivalency diploma.
aThe prequit smoking rate was defined as the number of cigarettes per day smoked before the participant began their latest
quit attempt.
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supporting the influence of tobacco outlets on
smoking behavior10–12 and extend that literature
to smoking cessation.

This study had a number of strengths, in-
cluding the longitudinal design, biochemical
verification of smoking status, and adjustment
for a number of covariates known to affect
smoking cessation (e.g., age, race/ethnicity,
partner status, education, gender, employment
status, prequit smoking rate, and the number of
years smoked). However, other potential con-
founders might exist that were not accounted
for in our analyses. For example, income was
not among the covariates in the models be-
cause these data were not provided by 11%
of participants. Posthoc analyses conducted
among those providing income data, however,
indicated that the inclusion of income as an ad-
ditional covariate did not change the pattern
of results. It is also possible that the relationship
between tobacco outlet proximity and smoking
cessation might be attenuated when one is

adjusting for relevant neighborhood-level
characteristics. For example, a previous study
found that smokers living in more economi-
cally deprived areas were less likely to quit
smoking over a 6-year period than were those
residing in areas with greater economic re-
sources.22 Posthoc analyses of our data indicated
that further adjusting models for neighborhood
(i.e., Census tract) unemployment, poverty, and
low levels of education, respectively, did not alter
our pattern of results.

Close residential proximity to tobacco out-
lets could reduce the likelihood of maintaining
smoking abstinence during a quit attempt in
several ways. For example, a large body of
evidence supports that smoking cues can pro-
voke subjective and autonomic responses
among smokers, including increases in self-
reported cravings to smoke.23 It may be that
a tobacco outlet close to the home represents
a cue for smoking that is difficult to avoid when
one is walking or driving in the neighborhood,

which might increase the risk of relapse. Previous
research also supports that the ready availability
of cigarettes is a risk factor for relapse.24 Thus,
the close proximity of a tobacco retail outlet may
increase the likelihood of relapse by offering easy
access to cigarettes when an urge to smoke
strikes. Another study found that greater smoker
sensitivity to point-of-sale advertising at tobacco
outlets predicted a reduced likelihood of having
quit smoking 18 months later.13 Thus, it may
be that the closer proximity of retail outlets re-
sults in greater exposure to point-of-sale tobacco
advertising, which may derail a quit attempt.
These ideas are speculative, however, and re-
quire additional research.

The passage of the Family Smoking Pre-
vention and Tobacco Control Act represents an
unprecedented legislative opportunity to affect
smoking prevalence and smoking cessation
rates in the United States. Results suggest that
if tobacco outlets were less accessible to quit-
ting smokers (i.e., located farther from their
homes) the likelihood of maintaining abstinence
during a quit attempt might increase. There-
fore, exerting greater control over the locations
of tobacco outlets through zoning regulations
may reduce access to cigarettes, and ultimately
decrease smoking prevalence.25 Similar regu-
lation policies have been applied to alcohol
beverage retail outlets and have been successful
in reducing problematic alcohol use and alcohol-
related injury, crimes, and violence.7–9 Zoning
restrictions on tobacco licensing have been
implemented around school zones in some
areas10 to prevent adolescent smoking, and such
restrictions might also be helpful in promoting
cessation among established adult smokers un-
dergoing a quit attempt.

In this study, the density of tobacco retail
outlets around the home was not associated
with smoking abstinence during a quit attempt.
Previous studies have established an associa-
tion between tobacco outlet density and
smoking rate among adult smokers,12 smoking
initiation among adolescents,10 and cigarette
purchasing behavior among underage smokers.11

These, and other studies on tobacco outlet
density,26–28 have engendered recommenda-
tions to limit the availability of tobacco retail sale
licenses within prescribed areas or require a cer-
tain distance between retail outlets to better
restrict the sale of tobacco.29 Results of this study,
however, indicate that the presence of even

Note. Census tracts and major highways displayed.

FIGURE 1—Tobacco outlet locations in the Houston, TX, metropolitan area, 2006.
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a single tobacco outlet in close proximity to the
home was enough to affect smoking abstinence
during a quit attempt. This may be because only
a single retail outlet is needed to purchase
cigarettes, and the closer that cigarette outlet is to
home, the lower the cost in effort (time and
distance traveled) expended to obtain the prod-
uct. It may also be that having to travel farther to
obtain cigarettes may result in the natural dissi-
pation of cravings, or may allow participants
greater opportunity to employ other strategies to
cope with the urge to smoke. These suppositions
require more research. Although the density of
tobacco outlets did not affect smoking cessation
in this sample, results might be sample- or area-
specific and should be replicated in future re-
search. Moreover, the absence of significant
effects in this study does not preclude the
importance of tobacco outlet density on smoking
initiation10 or other smoking behaviors.12

Limitations

Participants in this study were self-selected,
treatment-seeking smokers who may differ
from smokers who attempt to quit without
treatment in important ways, and the influence
of tobacco outlets on cessation among the latter
group remains unknown. This study did not
assess car ownership, the density or proximity
of tobacco outlets around participants’ work-
places, their usual travel routes, or proportion
of time spent in the neighborhood to determine
the effect of these factors on smoking cessation.
Future studies might explore these areas.

Another limitation includes the use of to-
bacco outlet data from a single point in time
(i.e., 2006), despite a rolling enrollment period
for participants that spanned 2005 through
2007. However, although opening or closing of
tobacco outlets may have occurred before or
after we obtained tobacco licensing data, it is
unlikely that substantial changes would have
taken place if one considers the absence of
major external economic factors during this
time span (e.g., a local or national economic
crisis). Also, because analyses were conducted
in 2009, tobacco outlet locations in 2006
could not be confirmed by direct observation.
Instead, we relied on the accuracy of licensing
data provided by the comptroller. Results may
not generalize to other metropolitan areas in
the United States, and studies like this should
be replicated in other cities. More research is

needed to assess relationships between tobacco
retail outlets and smoking cessation in rural
areas, which may differ from metropolitan
areas in important ways. Finally, although
analyses adjusted for several potential con-
founders, the presence of unknown and un-
measured confounders might have influenced
these results.

Conclusions

Results indicated that close residential
proximity to a tobacco outlet was associated
with lower odds of maintaining smoking absti-
nence during a smoking quit attempt, even
after controlling for participant age, race/eth-
nicity, partner status, education, gender, em-
ployment status, prequit smoking rate, and the
number of years smoked. Because residential
proximity to tobacco outlets affects smoking
cessation, results suggest that zoning laws
restricting the licensing of tobacco retail out-
lets around residential areas might be an
important complement to existing policy ef-
forts to reduce tobacco use. j
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