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Abstract

Purpose: The rise of non-cigarette, alternative tobacco product (ATP) use among adolescents 

may be due in part to an increase in retail availability of ATPs. We examined whether proximity 

and density of tobacco retailers near students’ homes are associated with a higher likelihood of 

initiating ATP use over time.

Methods: Using data from 728 adolescents (ages 13-19 at baseline) residing in 191 different 

neighborhoods and attending 10 different California high schools, longitudinal multilevel and 

cross-classified random effect models evaluated individual-level, neighborhood-level, and school-

level risk factors for ATP initiation after one year. Covariates were obtained from the American 

Community Survey and the California Department of Education.

Results: The sample was predominantly female (63.5%) and was racially and ethnically diverse. 

Approximately one-third of participants (32.5%) reported ever ATP use at baseline, with 106 

(14.5%) initiating ATP use within one year. The mean number of tobacco retailers per square mile 

within a tract was 5.66 (SD=6.3) and the average distance from each participant’s residence to the 
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nearest tobacco retailer was 0.61 miles (SD=0.4). Living in neighborhoods with greater tobacco 

retailer density at baseline was associated with higher odds of ATP initiation (OR=1.22, 95% 

CI=1.07, 2.12), controlling for individual and school factors.

Conclusions: Tobacco retailers clustered in students’ home neighborhood may be an 

environmental influence on adolescents’ ATP use. Policy efforts to reduce adolescent ATP use 

should aim to reduce the density of tobacco retailers and limit the proximity of tobacco retailers 

near adolescents’ homes and schools.

Keywords

Tobacco retail environment; tobacco retailer; alternative tobacco products; e-cigarettes; 
adolescents; young adults; neighborhood; school

Introduction

Declines in cigarette smoking by US high school students are offset by increases in 

Alternative Tobacco Product (ATP) use including electronic cigarettes (e-cigarettes/vapes), 

smokeless tobacco (chewing tobacco and snus), tobacco pipes, cigars (large cigars, cigarillos 

or little filtered cigars), and hookah (water pipes),1 posing a threat to decades of public 

health campaigns focused on denormalizing smoking and reducing nicotine use.1,2 For 

example, in 2018, e-cigarettes were the most commonly used tobacco product among high 

school students (11.7%), followed by cigars (7.7%), cigarettes (7.6%), smokeless tobacco 

(5.5%), hookah (3.3%), pipe tobacco (0.8%), and bidis (0.7%).3 In California, where this 

study was conducted, prevalence of current tobacco use among high school students in 

academic year 2017-18 was highest for e-cigarettes (10.9%), followed by little cigars and 

cigarillos (2.0%) and hookah (1.5%).4

The rise of non-cigarette, alternative tobacco product (ATP) use among adolescents may be 

due in part to an increase in retail availability of ATP products. For example, in California 

the odds that a convenience store sold e-cigarettes tripled between 2011 and 2014.5 

Additionally, 47.5% of US adolescents reported at least weekly visits to convenience stores, 

where other alternative tobacco products are likely widely available.6 Adolescents who 

visited convenience stores at least weekly were more than twice as likely to report ever or 

past-month cigarette smoking, but ATP use was not studied.7

US studies that examined the role of the tobacco retail environment in relation to adolescent 

tobacco use have been cross-sectional and predominately focused on cigarette smoking.8-16 

Findings have been mixed. Some studies have found that greater retail availability of 

cigarettes, as measured by the density and proximity of tobacco retailers to adolescents’ 

home and/or school, was associated with higher odds of ever trying cigarette smoking, past-

month smoking, and attempting to purchase cigarettes.11,13 In other studies, higher density 

but not proximity was found to be a significant predictor of adolescent cigarette smoking. 
9-12,14-16 Moreover, in a recently published systematic review including the aforementioned 

studies assessing the association between tobacco outlet density and proximity and tobacco 

use among youth, researchers found these studies to be susceptible to primary sources of 
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biases including over and under adjustment of mediators and confounders, respectively, poor 

statistical model fit, selection bias, and misclassification of exposure measurements.17

The few studies that assess tobacco retail density and adolescent ATP use focus on e-

cigarettes only. Two studies showed positive geospatial associations between the presence of 

tobacco retailers around schools and cigarette/e-cigarette use among students, but these 

associations were not consistent across all neighborhoods.18,19

The current study fills two gaps in the literature: a dearth of longitudinal research and 

assessment of a comprehensive set of ATPs. This is the first longitudinal study to examine 

the relationship of tobacco retailer density and proximity to adolescent initiation of tobacco 

use, using data from a cohort with a broad assessment of all ATPs. Based on the existing 

literature, we tested the following hypotheses: controlling for covariates, (1) the probability 

of ATP initiation will be higher among adolescents living in neighborhoods with greater 

tobacco retailer density; and (2) the probability of ATP initiation will be higher among 

adolescents who live in closer proximity to a tobacco retailer.

We implemented a geospatial analysis, accounting for the unique nesting structure in our 

sample. Following the analytical approach that Dunn and colleagues used to assess smoking 

behaviors among adolescents in the National Longitudinal Study of Adolescent Health (Add 

Health),20 we utilized Cross-Classified Multilevel Models (CCMM) allowing us to account 

for non-hierarchical nesting structures, which is appropriate for our sample in which 

students who live in the same neighborhoods attended different schools. This application of 

CCMM enables us to simultaneously examine the fixed and random effects corresponding to 

the students’ home neighborhoods and school settings. This is important because both 

settings can influence ATP use through multiple pathways, including policies, normative 

behaviors, and access to resources.

Methods

Data and Study Design

This longitudinal analysis combined data from multiple sources: a cohort survey of 

adolescents from ten California high schools, licensing data about the location of tobacco 

retailers near students’ home addresses, census tract data to characterize students’ home 

neighborhood, and data from the California Department of Education to characterize 

sociodemographic factors of each high school.

The cohort study consists of participants recruited from 9th and 12th grade classrooms from 

10 California high schools and followed over four years. Details about the online survey and 

cohort have been published elsewhere,21 but the administrative data from the California 

Department of Education (CDE), California’s Department of Tax and Fee Administration 

(CDTFA), as well as census tract data are unique to this analysis. The data presented in this 

analysis were from wave 1 (July 2014 to October 2015) and wave 2 (July 2015 to March 

2016). Overall, 786 (87.9%) of eligible consented students completed the wave 1 survey and 

728 of these participants had complete covariate, exposure, and outcome data. In wave 2, 

578 participants completed the survey (retention rate=75%). Thus, cross-sectional analyses 
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utilize 728 participants with complete covariate, exposure and outcome data while the 

longitudinal analysis utilizes wave 1 and wave 2 participants with complete covariate, 

exposure, and outcome data. We tested for differences between participants who completed 

wave 2 and those lost to follow-up and found no significant differences in terms of 

demographic characteristics (data not shown).

Participants received $10.00 for participating in wave 1 and $15.00 for wave 2. This study 

was approved by Stanford University’s institutional review board. In addition, study 

participants’ demographics were compared to the overall student bodies at each school with 

no significant differences found.21-23

Alternative Tobacco Product Initiation

In each wave, participants were asked about their lifetime and past-30 day use of cigarettes 

and alternative tobacco products, using the following question: “During your entire life, how 

many times have you ever used [product]?” Ever users were asked, "During the last 30 days, 

on about how many days did you use [product]?” Both items assessed the following 

products: cigarettes, e-cigarettes, chewing or dipping tobacco or moist snuff, cigars, 

cigarillos or little cigars, and hookah. In cross-sectional analysis, participants were 

categorized as having used an ATP if they reported (1) ever ATP use at baseline or (2) past 

30-day ATP use at baseline. In longitudinal analysis, participants were categorized as having 

initiated ATP use if they reported (1) never using ATP at baseline and (2) either ever or past 

30-day ATP use during wave 2.

Tobacco Retailer Density and Proximity

Participants provided their home address on a pre-wave 1 survey intake form and these data 

were geocoded to latitude/longitude and census tract using ArcGIS 10.5.1 and Street Map 

Premium 2017 Release No.3 linked to the 2010 Census Block Map (latitude/longitude 

mapping rate = 98.6%). Supplementary Figure 1 provides details on the geoprocessing 

conducted for this study. Furthermore, we compared participants’ home addresses during 

wave 1 to wave 2 and found that none of the participants reported a different home address 

from wave 1 to wave 2. Although it is recommended to use egocentric neighborhood 

definitions in studies of youth access to tobacco retailers,24 this was not possible because the 

majority of participants lived within one mile of each other. Instead, we used census tract as 

the primary spatial unit for each student’s home neighborhood as in other studies.25

We linked the data for students’ home address and census tract to address data for tobacco 

retailers that we geocoded from the state tobacco retail licensing for 2014 (mapping 

rate=98.6%), which was maintained by California’s State Board of Equalization, now the 

California Department of Tax and Fee Administration (CDTFA). Two common measures of 

tobacco retailer density were computed for each census tract: density per square mile 

(number of tobacco retailers divided by land area) and density per 1,000 persons (number of 

tobacco retailers divided by total population). Based on previous work,26 we categorized 

census tracts according to tertiles of tobacco retail density: none, low (0.02-8.0), and high 

(≥8.10) retailers per square mile in the current study. Proximity measured the distance from 

each participant’s home address to the nearest tobacco retailer in roadway miles, irrespective 
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of census tract. Thus, proximity was included with other individual-level baseline measures 

and density was included with other tract-level baseline measures. We computed distance to 

a participant’s home to any nearest retailer regardless of Census tract as the use of larger 

administrative neighborhood definitions has been shown to bias exposure estimates for 

tobacco retailer proximity.24

Neighborhood-level Covariates

For 191 unique census tracts, we acquired data from the American Community Survey 

estimates (2012-2016) to characterize students’ home neighborhood. These tract-level 

covariates were percent non-Hispanic White, median household income, and population 

density because these are common covariates in other studies.10,16 Detailed tract-level 

characteristics of this sample are available in Supplementary Table 5.

School-level Covariates

Data for the 10 high schools were obtained from the California Department of Education.21 

Data for academic year (AY) 2014-2015 were school demographics (school size, average 

class size, race/ethnicity), socioeconomic demographics (percent socioeconomically 

disadvantaged youth, percent homeless youth, percent foster youth, percent English learners, 

percent scoring ≥ 1500 on Standardized Admissions Test (SAT), percent of students eligible 

for free or reduced-price meals). Percent of female students was obtained for AY 2016-2017 

because AY 2014-2015 was not available.21 Detailed characteristics for the 10 high schools 

are summarized in Supplementary Table 4.

Individual-level Covariates

Baseline demographics were self-reported age, gender, race/ethnicity, and mother’s 

education. Age was dichotomized to distinguish between adolescents who were not yet old 

enough to drive (age 13-15) from older adolescents. Race/ethnicity was coded to compare 

non-Hispanic White (reference) to non-Hispanic Asian, non-Hispanic Pacific Islander, 

Hispanic, and Other. Due to a small sample of ‘non-Hispanic African Americans’ in our 

study, these participants were recoded into ‘Other.’ As in previous studies,20 mother’s 

education was dichotomized to compare students whose mother completed less high school 

with those whose mothers continued their education past high school.

Statistical Analysis

Following the analytical approach of Dunn and colleagues, we conducted longitudinal cross-

classified multilevel modeling (CCMM) controlling for individual-level, neighborhood-level 

and school-level sociodemographic factors and potential confounders.20 This application of 

a CCMM enables us to simultaneously examine the fixed and random effects corresponding 

to the students’ home neighborhoods and school settings. Thus, in addition to modeling the 

effect of either school or neighborhood setting, as conducted using a traditional logistic 

multi-level regression approach,27 we also used logistic cross-classified random effect 

models to disentangle the role of schools and neighborhoods on participants’ subsequent 

ATP initiation. We began by fitting a two-level, school-only multilevel model adjusting for 

individual-level and school-level covariates. Second, we ran a two-level neighborhood-only 
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model adjusting for individual-level and neighborhood-level covariates. Finally, we fitted a 

cross-classified model to account for the fact that some students who lived in the same 

census tracts attended different high schools.

All analyses were repeated for retailer density defined as count per 1000 persons and wave 1 

any tobacco product ever and past 30-day use including cigarettes. All data analysis was 

conducted using Stata SE 14.1 (StataCorp, College Station, Texas 77845 USA) and R 3.2.1 

(R Foundation for Statistical Computing, Vienna, Austria).

Results

Table 1 shows individual-level, neighborhood-level, and school-level demographics for the 

overall sample, separately by ATP use at wave 1, and ATP initiation at wave 2 among 

baseline non-users. The sample was predominately female (63.5%), and represented major 

racial/ethnic groups in California. Half of all students (54.8%) were eligible for their high 

school’s reduced-price or free lunch program and the median household income across all 

participants’ neighborhoods was $68,365, which was consistent with the California median 

household income. Approximately one-third of participants (32.5%) reported ever ATP use 

at wave 1 and 106 (14.5% of total and 21.5% of baseline non-users) initiated ATP use within 

one year (wave 2). The mean number of tobacco retailers per square mile within a tract was 

7.21 (SD=6.5), and the average distance from each participant’s residence to the nearest 

tobacco retailer was 0.60 miles (SD=0.5).

Figure 1 illustrates the presence of cross-classification for two high schools in the study. 

Some students living in the same census tracts attended different high schools which 

illustrates the importance of accounting for partial, non-hierarchical nesting in our modeling. 

Other schools in our study presented with similar levels of cross-classification. In unadjusted 

cross-sectional analyses (Supplementary Table 1), results indicated that adolescents were 

1.21 (95% CI: 1.14, 1.66) times more likely to have ever used ATPs with every one-unit 

increase in tobacco retailer density (tobacco retailers per square mile) after adjusting for 

individual-level covariates. This association persisted after adjusting for neighborhood-level 

covariates (OR=1.26, 95% CI: 1.12, 1.19) and school-level covariates (OR=1.11, 95% CI: 

1.03, 1.34), respectively. In a fully adjusted cross-classified model accounting for individual-

level, school-level, and neighborhood-level covariates, results were further attenuated with 

an odds ratio of 1.03 (95% CI: 1.02, 1.15).

Table 2 and Table 3 present the results of a series of models for the neighborhood-only, 

school-only multilevel model, neighborhood and school multilevel model, and the cross 

classified multilevel model predicting ATP initiation as a function of tobacco retailer density 

and covariates. In the null model (Table 2, Model 1) random effect coefficients for the 

school-only and neighborhood-only models were 0.23 and 0.55 respectively, and remained 

unchanged in both the traditional multilevel models with both neighborhood and school and 

the corresponding cross-classified multilevel model. When individual-level covariates were 

added (Table 2, Model 2), declines relative to model 1 were observed for neighborhood 

(0.43) and school (0.10) random effect estimates, meaning that the variation in the outcome 

at the neighborhood level was larger than at the school level. A similar decline was observed 
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in the cross classified multilevel model (Table 2, Model 3), with the random effects only 

slightly larger at the school level (0.10) than at the neighborhood level (0.08). Similar 

declines were seen when neighborhood-level and school-level covariates were considered.

After adjusting for school-level and neighborhood-level covariates (Table 3, Models 3 and 
4), the estimated odds of ATP initiation after one year of follow-up was 1.34 (95% CI: 1.21, 

3.81) and 1.08 (95% CI: 1.03, 1.92) times higher for each unit increase in tobacco retailer 

density in fully adjusted neighborhood-only and school-only models, respectively. 

Accounting for the non-hierarchical nesting in the fully adjusted CCMM (Table 3, Model 5), 

the estimated odds of subsequent ATP initiation was 1.22 (95% CI: 1.07, 2.12). In this full 

adjusted cross-classified multilevel model, neighborhood-level and school-level random 

effect estimates were 0.04 and 0.03 respectively.

Results for tobacco retailer proximity (distance in miles) and covariates are shown in 

Supplementary Table 2 and Supplementary Table 3. While results were similar in inference 

(increasing tobacco retailer proximity positively associated with increasing ATP initiation) 

to the results for retailer density, the results for proximity were not statistically significant 

and the random effect estimates were substantially smaller.

Discussion

To our knowledge, this is the first longitudinal study to show that initiation of any ATP use is 

more common for high-school students who live in neighborhoods with higher tobacco 

retailer density. In a sample of California adolescents, 14.5% of never users at baseline had 

initiated ATP use at one-year follow-up. Notably, odds of initiation were higher for students 

who lived in census tracts with greater retail availability of ATP, as measured by tobacco 

retailer density. Consistent with much of the literature about cigarette smoking8-16,25 and e-

cigarettes5 the findings from the current study suggest that the increased retail availability of 

ATP products in an adolescent’s home neighborhood may increase youth experimentation 

with ATPs. Contrary to expectation, the proximity of tobacco retailers was not a significant 

predictor of ATP use by adolescents.

As with studies assessing cigarette smoking, our findings for ATP initiation suggest that the 

tobacco retail density may have a direct effect on experimenting with ATP products, which 

is known to predict future smoking.28 In previous research, tobacco retailer density, coupled 

with school smoking rates, were related to underage youth buying their own cigarettes or 

finding someone to buy cigarettes on their behalf.11 Findings assessing adolescents’ access 

patterns to ATPs in this cohort show that adolescents were significantly more likely to obtain 

an e-cigarette and hookah from a smoke shop than a gas station, liquor store, drug store, or 

the internet.7 Among the adolescents who reported ever use of any tobacco product, for both 

those over and under 18 at the time of assessment, most (54.9%) reported their friends as the 

main source of tobacco products. Thus, the influence of retail density is probably not 

explained entirely by retail accessibility, but also likely due to advertising exposure in the 

retail environment. Future research should consider investigating these explanatory 

mechanisms for ATPs.
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Additionally, it is important to note changes in the tobacco control policy occurring at the 

time of this study included California’s Tobacco 21 law, effective June 9, 2016, and 

expanded the definition of tobacco to include vape products with nicotine.29 To our 

knowledge, studies have not yet been published assessing the effect of Tobacco 21 on (1) 

tobacco retailer density or (2) tobacco use among California teens. However, even after 

Tobacco 21, illegal sales to decoys ages 18-19 persisted, with a violation rate of 

approximately 20% overall and nearly 50% among vape shops.30

While youth substance use is known to be spatially clustered, the underlying reasons for this 

pattern are not well understood.24 One explanation is that tobacco use parallels the spatial 

clustering of tobacco retailers in disadvantaged and racial/ethnic minority neighborhoods. 

Living in neighborhoods with higher tobacco retailer density may also decrease purchase 

costs for ATP.31 It would also increase exposure to retail marketing for ATP, which has been 

shown to increase youth smoking by increasing cues to smoke, stimulating craving, 

triggering impulse purchases, and increasing benefit and decreasing tobacco-related risk 

perceptions.16 At least one study observed higher rates of cigarette sales to minors in 

neighborhoods with greater tobacco retailer density, suggesting that greater retail availability 

could also increase youth access to ATP.32

Strengths of this study include its longitudinal design and the availability of home address 

data for a spatial analysis. In addition, measures of tobacco retailer density and proximity 

were informed by a state tobacco retailer licensing database that we also geocoded.

The main limitation of this study is that we were unable to assess the effect of retail density 

on initiation of specific ATPs. In addition, not knowing which ATP were sold at which 

retailers in this sample remains a limitation of our study. Although unlikely, the exposure 

measure may have included stores that sold cigarettes and not ATP.33 More likely, the 

exposure measure underestimated tobacco retail density because vape shops (that did not sell 

conventional tobacco) were not required to have a state tobacco retailer license until 2017. 

Although this study found no changes between wave 1 and wave 2 home addresses across 

study participants, this study did not capture changes in tobacco retailers’ address from wave 

1 to wave 2 and the potential impact such changes may have on the study findings. 

Nevertheless, the 12-month gap between waves minimizes the likely impact of this 

limitation on study results.

In addition, we acknowledge that census tracts may not accurately capture adolescents’ 

exposure to tobacco retail environments as they travel from home to school and to leisure 

activities. In our study, some neighborhoods had only one respondent and several 

participants lived within ½ mile and 1 mile of each other. While it is possible our findings 

reflect the greater number of participants in schools than neighborhoods, our findings 

suggest that data sparseness was unlikely an issue in this study. Moreover, sensitivity 

analyses (data not shown) adjusting for neighborhoods with one respondent produced 

similar results to main analyses and while we did not observe statistically significant results 

for tobacco retailer proximity, we did observe meaningful cross-classification of 

neighborhoods and schools.

Magid et al. Page 8

J Adolesc Health. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Other limitations of this study are typical of survey research, including selection or attrition 

bias whereby adolescents who were differentially at higher risk for ATP initiation may have 

been more likely to participate in this study. All outcome measures were self-reported, with 

an overall response rate typical of Internet panels among adolescent respondents. Although 

we measured and adjusted for many confounders that we identified from existing literature, 

the potential influence of unmeasured confounders is another limitation. For example, peer 

influence may explain reasons for ATP initiation among this cohort of adolescents and 

young adults, but was not specifically included in this analysis due to concerns for over-

controlling.17 Given that California presents a unique environment, both politically and 

socially, our results may not be generalizable to adolescents and young adults in other states. 

Even within California, results may not generalize across all urban, suburban and rural 

environments. Finally, the study was not designed to study school environments and there 

were too few schools to compare the effect of school and home neighborhoods. Future 

studies should describe ATP retailers near home neighborhoods, school neighborhoods, and 

activity spaces in larger, more representative samples.

This research provides the first longitudinal evidence that higher tobacco retailer density 

near adolescents’ home predicts greater odds of initiating any ATP use. Regulation of these 

non-cigarette tobacco products is a public health priority, especially for tobacco use 

prevention as ATP initiation and use has been shown to predict cigarette use.34 Further 

research is needed to understand the possible reasons for the spatial clustering of adolescent 

substance use, including ATP use. Examining spatial patterns of ATP use can help 

researchers and policymakers intervene to regulate ATP retail marketing targeting 

adolescents. The pervasive availability of alternative tobacco products in retail outlets 

around the United States, coupled with a growing body of evidence showing the impact of 

tobacco retail availability has on cigarette smoking behavior among adolescents, suggest that 

the current tobacco retail environment may be a contributing factor in promoting ATP 

experimentation and initiation. Moreover, these findings support the need to expand school-

centric regulations to also include regulations of the tobacco retail environment everywhere, 

including in/near residential neighborhoods. Policy efforts to reduce adolescent ATP use 

should aim to reduce the density of tobacco retailers and limit the proximity of tobacco 

retailers near adolescents’ homes and schools.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Implications and Contribution: This longitudinal study suggests that living in areas 

with greater retail availability is a risk factor for initiating tobacco use for a variety of 

non-cigarette tobacco products. Implications for improving adolescent health are to better 

regulate the tobacco retail environment in school and residential neighborhoods.
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Figure 1. 
Cross-classification example: Students reside in the same census tracts but attend different 

high schools.
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