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Abstract

Objective.—We conducted meta-analyses of studies that investigated the associations between
tobacco outlet density around homes and schools and adolescents’ past-month cigarette smoking.

Data sources.—Systematic literature searches of eight databases were carried out in February
2017. Searches were not limited by date, language, country, or peer-reviewed status.

Study selection.—After screening for quality, studies that examined the relationship between
tobacco outlet density and adolescents’ past-month smoking were selected for inclusion.

Data extraction.—Two investigators screened study abstracts and full texts and independently
extracted data. Consensus was reached at each stage.

Data synthesis.—Random effects meta-analyses were conducted on 11 studies that provided 13
effect sizes. Results showed that there was a significant association between tobacco outlet density
around homes and adolescents’ past-month smoking behavior with an overall effect size of OR =
1.08 (95% CI = 1.04, 1.13; p<.001; 7 = 0%). For density around schools, the association was not
statistically significant (OR = 1.01, 95% CI = 0.98, 1.03; p=.53; F = 39%).

Conclusions.—These findings suggest that exposure to tobacco outlets near home environments
may be important for understanding adolescents’ past-month smoking. Restricting access to
tobacco outlets and controlling the number of outlets in residential areas may be an effective
preventive strategy to help reduce adolescents’ smoking.

INTRODUCTION

Exposure to tobacco outlets may be an important risk factor for cigarette smoking during
adolescence. Potential mechanisms by which exposure to tobacco outlets may influence
adolescents’ cigarette use include increased access to cigarettes=3, exposure to tobacco
marketing?4:5, and exposure to other cigarette smokers (i.e., role models)®. In addition,
exposure to outlets may normalize tobacco smoking and tobacco products in the landscape
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of available goods’. Exposure to tobacco outlets may affect adolescents’ cigarette smoking
directly or may be mediated through perceived ease of obtaining cigarettes (subjective
availability), perceptions of the prevalence acceptability of smoking (normative beliefs), or
perceptions of the personal consequences associated with cigarette smoking
(expectancies)8-11. Controls over the number of tobacco outlets (i.e., outlet density per unit
area) and their distance from residential areas or schools (i.e., proximity) are approaches
advocated to reduce adolescents’ exposure and access to tobacco and cigarette usel2.

A growing body of mostly cross-sectional research has investigated the association between
tobacco outlet density around residential areas or around schools and adolescents’ cigarette
smoking1-3:6:13.14-23 Findings from this literature are mixed, with some studies indicating
no or small effects?:3-1722 and others demonstrating significant associations with
adolescents’ smoking outcomes®:13-16.18.23

These inconsistencies may be due to study factors, including differences in locations (e.g.,
countries, states), populations (e.g., racial or ethnic makeup), smoking outcomes (e.g., past-
month cigarette smoking, lifetime smoking), definitions of tobacco outlet density (e.g.,
buffer sizes around homes or schools), and inclusion or exclusion of potential confounding
variables. A recent narrative review summarized nine studies examining the association
between the density and proximity of tobacco retailers and diverse adolescents’ smoking
outcomes?4. Of the reviewed studies, two assessed lifetime smoking, one assessed past 12-
month smoking, and eight assessed past-month smoking. Yet, this study concluded that
tobacco retailer density was more frequently associated with adolescents’ lifetime or past
12-month smoking than past-month smoking or susceptibility to smoking. In addition, this
narrative review did not distinguish between exposure to outlets around homes versus
schools and the variation in measures of outlet density or proximity across the different
studies was not considered. Given the heterogeneity of studies included, it is difficult to
draw conclusions from this review.

To date, no systematic reviews or meta-analyses of tobacco outlet density and adolescents’
smoking have been conducted. A meta-analysis that combines and evaluates the results from
multiple studies can help address the uncertainty about the association between tobacco
outlet density and adolescents’ smoking by providing an estimate of the effect size of this
relationship. Therefore, the goal of the current study was to conduct meta-analyses to
investigate the association between tobacco outlet density around homes and schools and
adolescents’ past-month cigarette smoking. Past-month smoking was selected as the
outcome of interest in the current study based on multiple factors. First, given past-month
cigarette smoking is associated with a range of adverse health and developmental
outcomes2>-30, identifying environmental factors is important to public health. Second, past-
month smoking is not subject to recall bias to the same degree as other indicators of
smoking31:32. Finally, our read of the literature suggests that past-month smoking is the most
common outcome assessed across studies examining tobacco outlet density and adolescent
smoking. Results from this study may better inform policy makers and help guide future
research on tobacco outlet density.
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METHODS

Literature search strategy

Literature searches were conducted in February 2017 across the following eight databases:
PubMed, PsycArticles, PsycINFO, SocINDEX, MEDLINE Complete, Psychology and
Behavioral Sciences Collection, E-Journals, and Biomedical Reference Collection:
Corporate. Literature searches of databases were not limited by date, language, country, or
peer-review status. Search terms included MeSH and text word combinations relating to
young people (i.e., adolescen*, teenager*, youth, young adult, middle school, high school,
elementary school, or minors), the behavior of interest (i.e., tobacco, nicotine, smoking, or
cigarette), and outlet density (i.e., outlet, store, shop, or retail and density or spatial). Two of
the databases index grey literature (e.g., books/monographs, conference papers, and other
non-periodical sources). Titles and abstracts of the studies identified were screened for
inclusion by two independent researchers (LF and SLK). Disagreements were resolved
through discussion. The full text of each article was obtained where further clarification on
the measures or study objectives was needed. Further searches were conducted based on the
reference lists of retrieved articles.

Inclusion criteria

Studies were evaluated for inclusion based on sample, exposure measure, and outcome. For
the sample, we included only research that focused on children and adolescents younger
than 18 years old (or < 12t grade). For exposure measures, only studies that examined
tobacco outlet densities around homes, schools, or both were included. Finally, for the
outcome measure, only studies that examined current cigarette smoking (e.g., any past-
month or past 30-day cigarette smoking) were included. Studies that examined other
concurrent tobacco use with cigarette smoking were included. Studies were excluded if they
(a) measured school-level prevalence of cigarette smoking rather than individual-level
smoking (e.g.,33) and (b) focused only on outcomes other than past-month cigarette smoking
such as past year smoking or changes in cigarette smoking (e.g.,621). Studies that examined
these factors were excluded to ensure the meta-analyses yielded precise estimates which
allowed for a meaningful interpretation of the overall effect between tobacco outlet density
and adolescent past-month smoking34. Further, studies were excluded if they only measured
outlet density at larger geographical areas such as at city- or school district-level (e.g.,3%),
rather than specifically assessing density around school addresses/borders or home addresses
or census tracts.

We used the Newcastle-Ottawa Quality Assessment Scale (NOQAS) adapted for cross-
sectional studies to ensure the quality of the reviewed papers38. Studies were scored on a
scale of 0-10, with greater scores indicating greater study quality. Each study was reviewed
by two authors (LF and SLK or MA) and disagreements were resolved through discussion.
Specifically, we evaluated studies based on the following criteria: representativeness of the
sample, sample size, non-respondents (i.e., response rate), ascertainment of the exposure,
inclusion of confounding factors, assessment of the outcome, and the appropriateness of the
statistical tests used. For the inclusion of confounding factors assessment indicator, we
assessed studies for the inclusion of individual-level (e.g., age, gender, socioeconomic status,
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etc.) and community-level (e.g., urbanicity, socioeconomic indicators, etc.) factors known to
be associated with adolescents’ cigarette smoking. All papers included in the current meta-
analyses met these quality assessment criteria and were scored as either seven or eight out of
ten.

Data extraction

Extracted data included study authors, publication year, data collection year, country,
definition and operationalization of the outcome measure, definition and operationalization
of tobacco outlet density, whether the focus was on home or school areas, individual- and
community-level covariates included in the analyses, participant age group, sample size, and
effect sizes. Each study was reviewed independently by two reviewers (LF and SLK or MA)
who extracted the required data from each article and assessed the quality of the paper.
Reviewed papers were discussed and discrepancies in extracted data were resolved by
consensus among reviewers. Where effect size information was not reported or other
information was missing, the authors of the papers were contacted.

Several factors were considered when deciding which effect size would be included when a
single study provided more than one effect size. First, if studies provided effect sizes for the
association between tobacco outlet density and adolescents’ smoking at various levels of
tobacco outlet density (e.g., low vs high density and medium vs high density), the effect size
for the most extreme comparison (e.g., low vs high) was included to capture the full range of
exposures. Second, if studies provided multiple effect size estimates for the association
between tobacco outlet density and adolescents’ smoking at various buffer sizes around
homes or schools (e.g., 100 meters, 200 meters, etc.), we used the estimate that was closest
to the average distance across all studies. Finally, when more than one past-month smoking
outcome was reported within a single study (e.g., experimental and occasional past-month
use), we selected the past-month smoking outcome that corresponded most closely with
those reported in other included studies to allow for a meaningful interpretation of the
overall effect34,

Analytic Strategy

Random effects meta-analyses were conducted to examine the associations between tobacco
outlet density near homes and schools and adolescents’ past-month cigarette smoking.
Random effects models were chosen over fixed effects models given the diversity among the
studies and given the goal of this study was to generalize findings34. Further, the random
effects model is more conservative than the fixed effects model because it accounts for both
within- and between-study variance.

Most studies reported odds ratios (ORs) and 95% confidence intervals (Cls) as indicators of
the relationships between tobacco outlet density and adolescents’ past-month cigarette use.
When ORs were not reported, effect sizes were converted to ORs to allow comparison
among studies3*. All analyses were conducted in Stata version 1537, using metan and
metareg. The F statistic was used to assess heterogeneity of the effect sizes. This statistic
indicates the proportion of the variability explained by between-study heterogeneity rather
than sampling error38, Finally, we examined funnel plots to explore potential publication
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bias and conducted sensitivity analyses to examine if results were strongly influenced by any
individual study in either the home or school model.

Figure 1 displays the flow diagram for the studies reviewed for inclusion. We identified 192
studies through the search of the literature and four studies through manual searching of
reference lists. After removing duplicate studies, 102 abstracts were screened and 74 articles
were excluded as they did not meet eligibility criteria. A full-text review of the remaining 28
studies was conducted (see online Supplemental Table for full list of studies). Of the 28
studies, 17 were excluded because a more thorough, full-text review revealed they did not
meet eligibility criteria (r7=15) or because we were unable to obtain necessary information
(e.g., effect sizes) for inclusion after contacting the authors (7= 2). A total of 11 studies
were included in the meta-analyses (see Table 1). All of the 11 studies that met the inclusion
criteria were observational studies and all but onel® employed a cross-sectional design.
Finally, only one study did not use models that adjusted for the clustering of the data as the
authors noted most cases were from independent geographic regions in their samplel® (i.e.,
cases were not nested within geographic region).

Within the 11 studies, 33 effect sizes were provided. Two studies compared varying degrees
of outlet density (e.g., low versus high density)323. For both studies, we selected the effect
size associated with the zero/low outlet density versus high outlet density comparison. Three
studies®14:23 examined outlet density at multiple distances (e.g., 100 meters, 200 meters,
etc.). Because the average distance used across all studies was .76 kilometers, we selected
effect sizes from each study that were closest to this average. Finally, three studies included
more than one indicator of adolescents’ past-month smoking313.15, Indicators of
experimental smoking or occasional smoking were selected over established or daily
smoking for these studies as these were most similar to outcomes used in other studies. A
total of 13 effect sizes were included in the meta-analyses. Of these, two studies provided
effect sizes for density around homes, seven studies provided effect sizes for density around
schools, and two studies provided effect sizes for density around homes and schools (see
Table 1).

Results of the meta-analyses are displayed in Figure 2. For homes, there was an association
between tobacco outlet density and adolescents’ cigarette smoking with an overall effect size
of OR = 1.08 (95% CI = 1.04, 1.13; p< .001; = 0%). However, for schools, this
association was not statistically significant (OR = 1.01, 95% CI = 0.98, 1.03; p=.53; F=
39%). Although the study heterogeneity was low38, an exploratory meta-regression was
conducted to test whether the buffer size for measuring tobacco outlet density surrounding
schools moderated the association between outlet density and adolescents’ cigarette
smoking. Results indicated buffer size was not a significant predictor (p=.21). A similar
analysis was not conducted for tobacco outlet density surrounding homes because of the
small number of studies and non-heterogeneity.

Sensitivity analyses were conducted by replicating models where each study was removed
one by one. Results indicated that the overall effect estimates from these models were within
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the 95% ClI range of the complete models, suggesting no one study strongly influenced
findings for either the home or school models. Examination of funnel plots suggested that
the included studies in the home and school models were not symmetrically distributed
around the mean effect size, providing some evidence of publication bias (Supplementary
Figures 1 and 2).

DISCUSSION

We conducted meta-analyses to investigate the associations between tobacco outlet density
around homes and schools and adolescents’ past-month cigarette smoking. Studies included
in the meta-analyses were from six different countries (most drawing from the U.S.) and
included samples that ranged from 832 to 27,238 adolescents. These studies controlled for
individual-, family-, and community-level characteristics that have been associated with
adolescent smoking (e.g., age, gender or parental smoking!4:3%) and tobacco outlet density
(e.g., indicators of neighborhood disadvantage33). Our findings indicate that for homes, but
not for schools, there was an association between tobacco outlet density and adolescents’
past-month cigarette smoking, such that a one unit increase in tobacco outlet density around
homes was associated with an 8% increase in the odds of adolescents’ past-month smoking.
The current study findings are similar to results from individual studies that demonstrate that
higher tobacco outlet density near homes, but not near schools, is associated with
adolescents” smoking outcomes®14.18,

Results from our previous studies demonstrate the importance of community norms and
show that personal beliefs mediate the relationships between community norms and cigarette
smoking among adolescents1940. It is possible that the environment surrounding the home is
more important for the development of perceptions about community norms and personal
beliefs and thus adolescents’ smoking behaviors. Alternatively, it may be that outlet density
around homes is a better proxy for exposure to tobacco retail outlets than is measurement of
exposure around schools (e.g., adolescents may spend more unstructured time around homes
than schools). Similarly, the association between tobacco outlet density and adolescents’
smoking is complicated by the fact that some jurisdictions enact policies that restrict
locations of tobacco outlets around schools2 but not homes. However, given the limited
research related to effects of tobacco outlet density around homes on adolescents’ smoking
behaviors, additional research is needed.

Several limitations of this study should be noted. First, there was a lack of consistency in
how variables were defined across studies. For example, there was wide variation in
distances or buffer sizes used to capture the density of tobacco outlets323, and in the
definitions used for past-month cigarette smoking®3:15. Because of this variability, we were
limited in our ability to make a general conclusion about the relationship between tobacco
outlet density and past-month cigarette use. Further, it is possible that our methods for
choosing buffer sizes around homes and schools, measures of outlet density, and smoking
outcomes within studies may have biased the results. For example, for studies that included
a range of buffer sizes, we selected effect size estimates associated with the buffer distance
closest to the average buffer distance across the included studies. Perhaps using effect size
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estimates at smaller buffer sizes (e.g., .10km instead of .50km) may have strengthened the
association between tobacco outlet density and adolescents’ past-month smoking.

Second, it is possible that tobacco outlet density around homes or schools may be associated
with other smoking behaviors (e.g., lifetime use). It is important that future studies build the
literature examining the association between tobacco outlet density and other smoking
behaviors for this population. Third, although we attempted to capture grey literature,
potentially important unpublished research may have been excluded from the current study.
Relatedly, examination of funnel plots for the home and school models suggested there was
evidence of publication bias. As such, findings from the current study should be interpreted
with caution as they may not represent the full range of research addressing the association
between tobacco outlet density and adolescents’ past-month smoking. Finally, due to the
limited number of studies, we were not able to fully explore moderating factors in the
relationship between tobacco outlet density and adolescents’ past-month smoking. For
example, point-of-sale tobacco advertising restrictions may be an important moderator for
future studies to explore given policy differences across the various countries included in
this study.

Results from this meta-analysis suggest that there is no significant association between
tobacco outlet density around schools and adolescents’ past-month smoking and a relatively
small, although meaningful, association between the number of outlets around homes and
adolescents’ past-month smoking. Although based on a small number of studies, these
results nonetheless suggest that restricting access to tobacco outlets and controlling the
number of outlets in residential areas may help to reduce adolescents’ cigarette smoking.
This finding may be important for informing policies about regulating outlet density through
licensing or zoning processes. For example, policies which restrict the location or the
number of tobacco outlets in residential areas may help reduce adolescent cigarette smoking.
However, additional research is need given the small number of studies. In addition, future
studies should be consistent in terms of measures used to calculate tobacco outlet density
and to capture adolescents’ cigarette smoking or tobacco use. Moreover, as suggested by
results of an exploratory study conducted by our research team*1, it is possible that the
traditional measures that are used to understand the relationship between tobacco outlet
density and adolescents’ cigarette smoking are inadequate. It is important to more accurately
measure adolescents’ exposure to tobacco outlets in their broader activity spaces in order to
more fully understand the relationship between exposure to tobacco outlets and their
smoking behavior. Through the construction of daily activity spaces, researchers may be
able to better capture adolescents’ exposures to tobacco outlets and thus more clearly
establish the relationships between such exposures and smoking behaviors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What this paper adds

A growing body of research examines the association between tobacco outlet
density around residential areas or schools and adolescents’ cigarette
smoking.

However, findings from this literature are mixed, with some studies indicating
no or small effects and others demonstrating stronger associations with
adolescents’ smoking.

Although a narrative review has been conducted on the association between
the density and proximity of tobacco retailers and diverse smoking outcomes,
meta-analyses of tobacco outlet density and adolescents’ smoking have not
been conducted.

Findings from this meta-analysis indicate that higher tobacco outlet density
around homes, but not schools, was associated with increased odds of
adolescents’ past-month cigarette smoking.
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Records identified through
database searching
(n=192)

Additional records identified
through other sources
(n=4)

\/

Records after duplicates

removed
(n=102)

:
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Fl.lll-tfaxtIr articles
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Full-text articles
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Flow diagram depicting the literature reviewed for inclusion in the meta-analyses
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Odds %
Author Year Distance{km) Ratio (95% CI) Weight
School
Mistry 2015 0.50 1.99 (0.91, 4.33) 0.09
Lipperman-Kreda 2014 1.21 t 1.02 (0.93, 1.11) 6.74
Scully 2013 0.50 -{b— 1.06 (0.90, 1.25) 2.01
McCarthy 2009 1.61 -Q- 1.11 (1.02, 1.21) 6.48
Shortt 2016 0.80 - 0.98 (0.92, 1.04) 11.63
Marsh 2016 1.00 - 0.94(0.83,1.07) 3.5
Chan 2011 1.00 (i 0.99 (0.97, 1.01) 31.89
Adams 2013 0.80 - 1.04 (0.95, 1.14) 583
Leatherdale 2007 1.00 * 1.01 (0.99, 1.03) 32.17
Subtotal (l-squared = 35.8%, p=0.109) I 1.01 (0.98, 1.03) 100.00
Home ;
Lipperman-Kreda 2014 1.21 -> 1.08 (1.01, 1.16) 33.29
Shortt 2016 0.80 L 1.06 (1.00, 1.12) 57.72
Adachi-Mejia 2012 0.80 —— 1.11 (0.69, 1.79) 0.77
Novak 2006 043 —— 1.21 (1.05, 1.40) 823
Subtotal (l-squared = 0.0%, p = 0.425) 0 1.08 (1.04, 1.13) 100.00
NOTE: Weights are from random effects analysis
T T
231 1 4332

Figure 2.
Forest plot for effects of tobacco outlet density around schools (top) and homes (bottom) on

adolescents’ past-month cigarette smoking.
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