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Abstract

Background. Tobacco use remains the leading preventable cause of death in the
United States. Adolescence presents a critical window for preventing tobacco use, as
most adults started using tobacco before reaching age 18. One framework that is useful
for understanding adolescent tobacco use is the social ecological model, which defines
risk and protective factors for health behaviors, like tobacco use, at multiple levels of
influence. This research studied risk factors for tobacco use at the individual, community,
and policy levels. In a cohort of adolescent boys, we evaluated whether e-cigarette use
increased risk of initiating cigarette or smokeless tobacco (SLT) use (individual level)
and whether perceived neighborhood quality was associated with initiation of emerging
and traditional tobacco products (community level). In a sample of Columbus, Ohio,
tobacco retailers, we evaluated whether implementation of Tobacco 21 (T21) policy was
associated with a change in trajectories of tobacco marketing practices (policy level).

Methods. The adolescent cohort included N=1220 boys who were 11- to 16-
years-old at enrollment and were followed every six months for two years. All boys lived
in urban Franklin County, Ohio, or one of nine Appalachia Ohio counties. On each
survey, boys reported their use of tobacco products, as well as risk and protective factors
for tobacco use. The sample of tobacco retailers included N=74 to N=103 stores that held

a cigarette dealer license. Stores were audited by trained fieldworkers in 2014, 2016,
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2017, 2018, and 2019 (T21 enforcement began between the 2017 and 2018 audits).
Fieldworkers recorded the prices of cigarette packs, availability of flavored products,
count of products advertised outside stores, and count of products with interior or exterior
price promotions.

To estimate risk of initiating cigarette and SLT use after using e-cigarettes, we
conducted a propensity score match in 25 multiple imputation datasets. Risk ratios (RRs)
and standard errors were estimated in each dataset and results were combined. To
estimate risk of initiating emerging (i.e., e-cigarettes and hookah) and traditional (i.e.,
cigarettes, cigars, and SLT) tobacco products, we ran Cox proportional hazards
regression models that included indicators of perceived safety, social disorder, physical
disorder, and cohesion for youths’ neighborhoods at age 10 in five multiple imputation
datasets. To evaluate whether trajectories of retailer marketing practices changed post-
T21 implementation, we used mixed effects regression models.

Results. In our analysis of tobacco use risk factors at the individual level, e-
cigarette use more than doubled the risk of starting to smoke cigarettes (RR=2.71; 95%
CI: 1.89, 3.87) and use SLT (RR=2.42; 95% CI:1.73, 3.38) among adolescent boys. At
the community level, living in a physically disordered neighborhood at age 10 was
associated with greater risk of initiating traditional tobacco products (hazard ratio = 2.01;
95% CI: 1.09, 3.79). At the policy level, implementation of T21 was associated with a
change in the trajectories of the price of Marlboro Reds (per-year price increase of $0.25
pre-T21 vs. $0.08 post-T21; p=0.008) and count of price-promoted tobacco products

(21% decrease per year pre-T21 vs. 29% increase per year post-T21; p=0.004).

i1



Discussion. At a time when the landscape of tobacco products used by
adolescents is changing rapidly, this research advanced our understanding of risk factors
for tobacco use at the individual, community, and policy levels of the social ecological
model. Findings can be used to support interventions and policies to reduce tobacco use
among adolescents. Results also provide directions for future research that would

improve understanding of the associations we observed.
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Chapter 1. Introduction

Tobacco use remains the leading preventable cause of death in the United States
(U.S.), with 480,000 people dying from causes attributable to cigarette smoking each
year.! The prevalence of current use? of any tobacco product among U.S. adults was
19.3% in 2017.2 Among youth,® the prevalence of current use of any tobacco product was
19.6% for high school students and 7.5% for middle school students in 2017.° Prevalence
of current tobacco use differs across states, and the burden of use of cigarette smoking is
particularly high in states with large Appalachian populations, like Ohio. In 2017, 8.5%
of Ohio youth smoked cigarettes, and 21.1% of adults smoked cigarettes (ranking 8" in
the U.S.).”

The prevalence of current use of any tobacco product among youth in the U.S.
declined from 2011 to 2017.3 Over the same period, however, declines in prevalence of
use were not observed for all tobacco products. In particular, the use of novel and novel-
to-the-U.S. products like electronic cigarettes (e-cigarettes) and hookah did not decrease.

Among high school students, the prevalence of current e-cigarette use increased from

2 For adults, current use of cigarettes is defined as having smoked at least 100 cigarettes in one’s life and
now smoking every day or some days; current use of other tobacco products is defined as having ever used
the product and now using the product every day or some days.? For youth, current use is defined as use of
a tobacco product at least once in the past 30 days.?

b “Youth” will be used to refer to all people who are younger than 18-years-old. “Adult” will refer to all
people who are at least 18-years-old. “Adolescents” will be used to specifically refer to youth who are 11-
to 17-years old. “Young adults” will be used to specifically refer to adults who are 18- to 25-years-old.*
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1.5% in 2011 to 11.7% in 2017.> Among middle school students, the prevalence of
current e-cigarette use increased from 0.6% to 3.3%, and the prevalence of current
hookah use increased from 1.0% to 1.4%.%> The most recent national estimates of youth
e-cigarette use, however, signal an alarming trend: 20.8% of high school students and
4.9% of middle school students were estimated to be current e-cigarette users in 2018.° In
both age groups, e-cigarettes have become the most common tobacco product used
among U.S. adolescents.?

Adolescents who use e-cigarettes may be at increased risk of future cigarette use
due to renormalization of smoking behavior, nicotine addiction and dependence, positive
expectancies about cigarette smoking, or increased association with peers who are
tobacco users.” Although youth who use e-cigarettes are more likely than nonusers to
initiate cigarette smoking,’ whether these e-cigarette users would have been cigarette
smokers in the absence of e-cigarettes is unknown. There are both shared and distinct risk
factors for e-cigarette and cigarette use,®® which suggests that 1) some of this shift
between products at the population level is due to youth using e-cigarettes instead of
cigarettes (i.e., “product-replacement”), and 2) that some youth are using e-cigarettes
when they would not have otherwise used tobacco products (i.e., a “gateway’ to tobacco
use). The numerous observational studies reporting that adolescents who used e-
cigarettes at baseline were more likely to initiate cigarette use at follow-up than never
users of e-cigarettes’ support both product-replacement and gateway hypotheses due to
the overlap in risk factors for use of both products. Whether youth e-cigarette use

primarily acts as a product-replacement or a gateway to tobacco use has important



consequences for population health. The former could be viewed as a method of harm
reduction due to reduced health consequences of e-cigarette use compared to cigarette
use, ' and the latter would ultimately lead to increased burden of tobacco-related illness.
Youth who use tobacco products are at increased risk for negative health
consequences, both during their youth and in adulthood. Exposure to nicotine during
adolescence can alter brain development through abnormal activation of nicotinic
acetylcholine receptors,!! which are involved in regulating brain maturation through
adolescence.'? Such exposures can affect adolescents’ cognition and emotional
regulation, as well as addiction potential.!! Moreover, youth who smoke cigarettes are at
increased risk of abnormal cardiac symptoms, including early atherosclerosis* and
decreased regulation of heart rate by the vagus nerve,'? as well as respiratory symptoms,
such as chronic cough,'* reduced lung function, wheezing, and limited lung growth*
during adolescence. Use of smokeless tobacco (SLT) is further associated with increased
risk of oral mucosal lesions among adolescents.'> The health consequences of smoking
cigarettes for adults are well-known and growing. For instance, smoking causes several
cancers, including (but not limited to) cancers of the lung, head and neck, bladder, and
cervix; cardiovascular diseases including coronary heart disease, abdominal aortic
aneurysm, peripheral vascular disease, atherosclerosis, and cerebrovascular disease; and
respiratory diseases like chronic obstructive pulmonary disease (COPD).! Importantly,
nearly 90% of adult smokers initiated use by the end of adolescence—thus, adolescence

presents a critical window for preventing initiation of tobacco use.!



The social ecological model describes how multiple levels of influence affect

specific health behaviors'® and can be used to better understand tobacco use during

17,18 1921
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adolescence. For example, low socioeconomic status (SES and personality traits
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contribute to the risk of adolescent tobacco use at the individual level. Peer
parental®*?>?” tobacco use similarly increase risk of tobacco use among adolescents at the
interpersonal level. Additionally, growing up in a socioeconomically disadvantaged
neighborhood further increases risk of cigarette and e-cigarette use at the community
level. 2

The tobacco industry is partly responsible for these neighborhood-level
disparities. Examination of industry documents has demonstrated that low SES, high
racial minority neighborhoods have been targeted by the tobacco industry.?’ This has
manifested in lower tobacco prices’’ and increased density of tobacco retailers,*'*
availability of tobacco products,®® and amount of tobacco advertising®* in census tracts
with a high proportion of minority and low-income people. Importantly, exposure to a
high density of tobacco retailers and point-of-sale marketing increases risk of tobacco use
among adolescents.> 7 These targeted activities by the tobacco industry are
hypothesized to influence adolescents’ tobacco use behaviors by increasing perceived

tobacco availability,*® influencing norms regarding tobacco use,*”**

and portraying role
models via advertising who have characteristics that are especially appealing to

adolescents, such as independence and sex appeal.*'** Additionally, adolescent tobacco

purchasing behaviors are price-sensitive,* with high prices being associated with reduced



odds of ever and current smoking, reduced intensity of smoking,** and wanting to quit
smoking.*’

Policy-level approaches to reduce youth and adult tobacco use have been
implemented at the national, state, and local levels. At the national level, policy efforts
include excise taxes on cigarette purchases*® and requiring warning labels on all packages
of and advertisements for cigarettes,*’ SLT,* cigars, e-cigarettes, hookah, roll-your-own,
and pipe tobacco.*” The 2009 Family Smoking Prevention and Tobacco Control Act
(TCA) additionally banned non-menthol cigarette flavors, sales to minors, selling fewer
than 20 cigarettes per pack, free cigarette giveaways, and tobacco-brand sponsorship of
sporting or entertainment events.*® States and localities also apply excise taxes to packs
of cigarettes, ranging from $0.17 in Missouri to a combined state and local excise tax of
$6.16 in Chicago, IL.*® Other policy approaches that can be or are implemented by states
and localities include raising the minimum age for purchasing tobacco products to 21
(i.e., “Tobacco 217), clean indoor air laws, banning the sale of tobacco products in
pharmacies, raising the price of tobacco products through non-tax approaches (i.e.,
minimum price laws), retailer licensing laws, zoning laws, and limiting the proximity of
tobacco retailers to each other or to schools.

The long-term goal of this research is to reduce adolescent initiation of tobacco
products. With the tobacco industry continuing to evolve, we must understand how the
emergence of new products affects risk of using traditional products. With the tobacco
industry’s historical targeting of poorer communities, we must understand whether

adolescents who lived in those communities are at increased risk of using traditional and



emerging tobacco products. With the implementation of Tobacco 21 policies spreading
across the U.S., we must understand how the tobacco industry adapts their marketing
practices in response to a reduced market. Together, answering our proposed research
questions will provide evidence in support of tobacco regulations and targeted
interventions to reduce adolescent tobacco use.

This research will use data collected from a cohort of adolescent males and their
families who reside in Franklin County or Appalachian Ohio. Briefly, males were
followed for two years to measure their tobacco use behaviors and risk factors for
tobacco use. Their parents provided additional information about the boys’ neighborhood
and home environments. Although the study of only males limits our generalizability, it
gives us greater power to estimate risk factors for SLT—an understudied area of the
literature. This research will also use data collected from five years of central Ohio
tobacco retailer audits which occurred before and after implementation of Tobacco 21
policy. Information about tobacco prices, availability of flavors, and price promotions

were collected from each retailer.

Specific Aims

Toward our long-term goal, this research had the following specific aims:
1. Evaluate whether e-cigarette use acts as a “gateway” to initiation of cigarette
and SLT use among adolescent males.
For our individual-level analyses, we used a propensity score analysis to

create groups that were exchangeable on individual- and interpersonal-level risk
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factors for e-cigarette use, then evaluated whether e-cigarette users were at
increased risk of initiating 1) ever and 2) current cigarette smoking or SLT use.
We hypothesized that youth who had ever used e-cigarettes would have increased

risk of initiating cigarette and SLT use.

Describe how parent-reported measures of perceived neighborhood quality
at age 10 relate to adolescents’ short-term risk of ever use of traditional and
emerging tobacco products.

For our community-level analyses, survival analysis was used to model
the short-term risk of initiating emerging (i.e., e-cigarettes and hookah) and
traditional (i.e., cigarettes, SLT, and cigar) tobacco products according to
perceived safety, social disorder, physical disorder, and cohesion in youths’
neighborhoods at age 10. We hypothesized that youth who lived in neighborhoods
perceived to be more dangerous, more disordered, and less cohesive would have

greater risk of initiating tobacco products

Evaluate whether the trajectories of tobacco product prices, availability of
flavored products, exterior advertising for tobacco products, and amount of
price promotions in retailers changed post-implementation of Tobacco 21
policy.

For our policy-level analyses, data from audits of a stratified random

sample of retailers with cigarette dealer licenses were used to evaluate whether



trajectories of the price of tobacco products, availability of flavored products,
exterior advertisements for flavored and unflavored tobacco products, and amount
of price promotions within and outside of retailers changed post-implementation
of Tobacco 21 policy in Columbus, Ohio. Cigarette and e-cigarette prices and
count of flavored tobacco products available were recorded on the same sample of
retailers in 2014, 2016, 2017, 2018, and 2019. From 2016 to 2019, the count of
products with exterior advertisements and count of products with interior or
exterior price promotions were also recorded. These procedures allowed us to
evaluate temporal trends in marketing practices. This exploratory aim will
describe whether the tobacco retail environment changed post-implementation of

Tobacco 21.

Literature Review

Overview of Youth Tobacco Use in the U.S. and Ohio

After reaching a peak of 28% in 1997,! the prevalence of current cigarette

smoking among high school students in the U.S. declined to 8.1% in 2018; among middle

school students the prevalence of current cigarette smoking was 1.8%.° The prevalence of

current SLT use among high school students has similarly declined after peaking in 1995

at 12.2% among twelfth graders and in 1994 at 7.1% among eighth graders.’! In 2018, an

estimated 5.9% of high school students and 1.8% of middle school students were current

SLT users.® While the prevalence of use of these traditional tobacco products has been
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steadily declining among youth in the U.S., the prevalence of use of emerging tobacco
products has increased. The largest increases have been observed for e-cigarettes, which
have become the most commonly-used tobacco product among middle and high school
students.’ In 2011, an estimated 1.5% of high school students and 0.6% of middle school
students were current users of e-cigarettes.’” By 2018, 20.8% of high school students and
4.9% of middle school students were current e-cigarette users, which represented 1.5
million new youth e-cigarette users from the previous year.® This switching of product
popularity has resulted in no net decrease in current use of tobacco products among high
school students in the U.S. from 2011-2018.>¢

The prevalence of youth cigarette smoking in Ohio is higher than the national
average. In 2017, an estimated 8.5% of high school students were current cigarette
smokers.? As in the rest of the U.S., e-cigarettes have also become the most common
tobacco product used among Ohio youth. An estimated 10.5% of Ohio high school
students were current e-cigarette users, and 37.8% were susceptible to e-cigarette use, in

2016.%°

Health Consequences of Youth Tobacco Use

Preventing tobacco use during youth is important, not only to reduce the risk of
negative health consequences in adulthood,! but also to protect youths’ health. For youth
who use tobacco, the negative health consequences of tobacco use start to emerge prior to
reaching adulthood.* Relative to other tobacco products, the health effects of cigarette

smoking among youth have been the most studied. Regarding the pulmonary system,



cigarette smoking among youth has been associated with increased risk of chronic

h, 14,54 54,5659

coug nocturnal cough,> chronic phlegm,'* wheeze, exercise-induced

wheeze® and bronchospasm,>® and asthma.>**¢ Cigarette smoking also impairs lung
function among youth and young adults.>®

Youth and young adult cigarette smoking also affects their risk of developing
cardiovascular complications prior to adulthood, such as early atherosclerosis.’! "6
Another indicator of cardiovascular health is respiratory sinus arrhythmia (RSA), or the
degree to which the vagus nerve mediates fluctuation in heart rate during the respiratory
cycle, with a higher RSA indicating better control over rhythm.®* In addition to increased
risk for later cardiovascular disease,®® low RSA is associated with increased allostatic
load, reduced immune system functioning,’® and difficulty regulating emotions.®’ Thus,
the effects of decreased RSA extend beyond cardiovascular consequences. Smoking a
single cigarette is associated with lower RSA and higher mean heart rate among
adolescents with low levels of nicotine dependence, and this effect is strongest among
youth who started smoking prior to age 10."3

In addition to respiratory and cardiovascular health outcomes, tobacco use during
adolescence affects brain development and mental health outcomes. Regular functioning
of nicotinic acetylcholine receptors (nAChRs)—which regulate components of adolescent
brain maturation including emotional regulation, executive function, and reward
processing—is disturbed by tobacco use.'""!? One of the neurotransmitters most affected

11,68,69

by chronic exposure to nicotine is serotonin, and reduced serotonin pathway

activity increases risk of depression.’? Longitudinal studies have reported increased risk
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71-74 anxiety,’? parasuicide,’? suicide,”” and drug abuse and

of developing depression,
dependence’® among adolescent cigarette smokers. However, the relationship between
tobacco use and poor mental health outcomes is complex, as there is evidence that the

association may be bi-directional”’

and they share common causes. For example, a
nationally representative cross-sectional study of youth and young adults (ages 14-22
years) identified that active smoking was associated with increased odds of suicidal
ideation, but only among participants whose parents did not smoke. This association

could therefore be due to personality traits (e.g., impulsivity’3 %

or sensation seeking
1922181y or other underlying mental health conditions that affect both the risk of smoking
and of suicidality.®?

Finally, youths’ susceptibility to nicotine dependence is another reason to prevent
smoking initiation. Although most symptoms of nicotine dependence are strongest among
adolescents who have more established cigarette smoking behaviors (e.g., daily smoking
or more than 100 lifetime cigarettes), some—particularly symptoms of nicotine
tolerance®>—begin to emerge during earlier stages of smoking initiation. For instance, a
longitudinal study of adolescent cigarette smokers found that 58.8% of youth who had
smoked fewer than 100 cigarettes escalated their frequency of cigarette smoking, 47.1%
smoked to relieve restlessness or irritability, and 45.9% reported having to smoke more to
be satisfied compared to when they began smoking.®* Importantly, nicotine dependence

among youth who are not yet established smokers increases their risk of daily smoking by

young adulthood.*
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The age at which adolescents start smoking affects their risk of developing
nicotine dependence. Those who initiate daily cigarette smoking around age 10 are at the
highest risk for nicotine dependence in adulthood, and the risk remains elevated for those
who initiate daily smoking prior to 20-years-old.*> Within that developmental period,
there are critical ages during which youth experience different trajectories of nicotine
dependence. For youth who have smoked cigarettes and experience some level of
nicotine dependence, symptoms increase rapidly between ages 12 and 15 years. From
ages 16 to 19, while some youth demonstrate stabilization in nicotine dependence, others
experience a further increase or even a decrease in nicotine dependence symptoms. By
age 20, nicotine dependence becomes relatively stable among most users.*

Although less studied, research into the adolescent health effects associated with
use of other tobacco products demonstrates that there is no safe tobacco product for
youth. As with cigarette smoking, e-cigarette use has been associated with poor
respiratory health outcomes among youth, including increased risk of chronic bronchitis
symptoms,®’ cough or phlegm for at least three consecutive months,®® and asthma.®’
Similarly, cigarettes are not the only product that can cause nicotine dependence among
adolescents. Adolescents who are current hookah users are at risk of nicotine
dependence,”’® and youth who use SLT products, including snus, experience levels of
nicotine dependence similar to cigarette smokers.”'”? As with cigarette smoking, earlier
age of onset for e-cigarette’ or any tobacco product’™ use are associated with increased

levels of nicotine dependence among adolescents. Finally, the risk of nicotine
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dependence for youth who use two or more tobacco products is elevated compared to
youth who use only one product.”?*

In summary, a substantial body of literature demonstrates that youth who use
tobacco, even at a relatively low frequency, are at risk for tobacco-related health
consequences that emerge prior to reaching adulthood. Negative changes to the
respiratory system, cardiovascular system, brain development, and mental health begin to
manifest among young tobacco users; in many cases, earlier age of tobacco initiation is
related to increased risk for health consequences. Further, the emergence of nicotine
dependence at even low levels of tobacco use for adolescents puts youth at risk for
continued tobacco use as they enter adulthood, when serious consequences of chronic

tobacco use emerge.! Preventing initiation and escalation of tobacco use among youth is

therefore vital to reducing the public health burden of tobacco use.

The Social Ecological Model and Adolescent Tobacco Use

A framework that is often used to examine tobacco use among adolescents and
adults is the social ecological model, which describes how multiple levels of influence
individually and jointly affect specific health behaviors.!® Accordingly, risk and
protective factors for tobacco use among adolescents occur at the individual,

interpersonal, community, and policy levels of influence.!®% At the individual level, low

c19-21 d 78,79

SES,!”!® personality traits like sensation seeking and delay discounting®, and

¢ Sensation seeking, a form of impulsive behavior, is defined as “a personality trait reflecting a tendency to
seek out novel, rewarding situations and stimuli, and a willingness to take risks in doing so.”?!

4 Delay discounting, a form of impulsive behavior, is defined as “the extent to which an individual
discounts the value of an outcome because of a delay to its occurrence.””®
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increased exposure to tobacco portrayals on entertainment media increase risk of

22-26 24,2527

tobacco use among youth. At the interpersonal level, peer and family use of
tobacco products increase the probability that an adolescent will use tobacco by modeling
the tobacco use behaviors and influencing descriptive and injunctive tobacco use
norms.!%-192 At the community level, living in a socioeconomically disadvantaged
community for a long duration is associated with increased risk of cigarette and e-
cigarette use by age 25 for people who are white non-Hispanic.?® Furthermore, living in a
neighborhood perceived as low quality by youth or their parents (e.g., high
disorganization or low social cohesion) increases adolescents’ risk of tobacco use.!%!1%4

The following sections will review the evidence describing how factors at each level are

associated with youth tobacco use.

Individual- and Interpersonal-Level Risk Factors for Adolescent Tobacco Use

Understanding the risk factors for tobacco use among youth is necessary to
prevent youth initiation of tobacco products. Research has identified differences between
youth who use tobacco and those who do not. These differences are related to
demographics, personality traits, mental health, use of other substances, and exposure to
entertainment media. Other sources of difference between youth tobacco users and non-
users are the prevalence of tobacco use among their friends and within their families.
Much of the research into these individual and interpersonal-level differences in tobacco
use has focused on cigarettes. However, more recent research has identified that there

may be some difference in risk factors for tobacco use according to product—especially
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for emerging tobacco products like e-cigarettes—related to SES, race, and substance use.
An understanding of how these individual- and interpersonal-level risk factors affect
adolescent tobacco use is important, not only for tobacco use prevention efforts, but also
for studying whether e-cigarette use increases risk of cigarette smoking among

adolescents.

Demographic Characteristics Associated with Adolescent Tobacco Use

Decades of research have described demographic differences between adolescents
who use tobacco and those who do not. Factors including age, sex, race/ethnicity, and
socioeconomic status are associated with risk of tobacco use among adolescents. Starting
with age, the overall prevalence of tobacco product use among young adolescents is quite
low, but increases quickly as they approach adulthood. For example, the prevalence of
regular smoking in a nationally-representative sample of adolescents in the early 2000s
was 1.6% for 12-year-olds, compared to 13.1% for 16-year-olds and 30.8% for 18-year-
olds.!” This acceleration of tobacco use initiation during later adolescence may be due to
several factors, including increased independence and mobility within their
communities'®® (and thus increased exposure to tobacco marketing), desire to mold their

105-197 and more time spent with peers'®> who

identities after tobacco-using role models,
may use tobacco.
Regarding sex, adolescent males are generally at increased risk of being ever'®®

23,52,109

and current tobacco users compared to females, and this pattern is reinforced with

increasing age. By high school, in 2018, males in the U.S. had a higher prevalence of
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current use of any tobacco product, dual use of tobacco products, cigarettes, cigars, e-
cigarettes, pipes, and SLT.S Restricting analyses to high school seniors, males
additionally have higher odds of being past-year hookah users than females.!!’ Closer
investigation of sex-based differences in tobacco product use among U.S. adolescents
revealed that the magnitude of difference between the prevalence of current tobacco use
by sex increases with age.!% In other words, whereas the prevalence of tobacco use is
higher in males than females during middle school, it increases faster among males as
they progress through high school—ultimately approaching the discrepancy in prevalence
of tobacco product use observed between adult males and females.

There is evidence that psychosocial differences between adolescent males and
females contribute to differences in tobacco use prevalence. One study reported that
males who perceived greater health consequences of smoking at age 11 were less likely
to initiate smoking by age 15, but the same association did not hold true for females. For
females (but not males), positive affect during ninth grade was protective against
smoking progression during high school.'!! The theory of planned behavior could be
applied to understand male/female differences in adolescent tobacco use.''? For example,
holding positive normative beliefs about smoking increased risk of smoking initiation
among females,'!? females perceived greater social approval for tobacco use,!'* and
female smokers were surrounded by more smokers in their social environment than males
smokers.'!> Notably, however, female smokers also perceived greater social support for
cessation and motivation to quit smoking than males.'!'> Cultural factors in the U.S. also

contribute to differences in tobacco use prevalence between males and females, with SLT

16



use in particular being closely tied to masculinity among adolescents.!'®!!” In addition to
psychosocial differences, male high school students are more likely to be asked for
identification when purchasing tobacco products than females.!'® These results highlight
substantial heterogeneity between males and females with respect to risk factors for
tobacco use during adolescence.

Low socioeconomic status has been consistently associated with increased risk of
cigarette smoking among adolescents. Most of the research in this area has
operationalized adolescents’ SES by parental education or household income. Low
parental education has been associated with increased risk of smoking a whole
cigarette,'!” smoking progression,'?’ and becoming an established smoker!?! after
controlling for other demographic covariates. Likewise, low household income has been
associated with increased risk of cigarette smoking initiation''” and established cigarette
smoking among adolescents.!?! Although the above studies only measured SES at one
point in time, research that measured household income from participants’ infancy
through age 15 reached the same conclusions. Youth who were born into a household
with low income were more likely to initiate smoking cigarettes by age 15 than youth
who started with higher household income, regardless of whether their household
eventually reached an adequate income category.'® A pathway through which low SES
affects adolescent smoking outcomes is parental smoking, which has been identified as a
mediator of the association.'?! Additionally, as youth of lower SES are more likely to live

in lower SES communities, they are also more likely to be exposed to increased density
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of tobacco retailers®? and adults who smoke,'?? which could also affect their normative
beliefs related to tobacco use.

In general, a similar pattern exists for the association between adolescents’ SES
and use of other tobacco products, although some complexities have emerged. Lower
parental education has been associated with increased risk of nicotine dependence
symptom progression among adolescent waterpipe smokers’® and increased probability of
being a current e-cigarette user.'>* However, higher parental education has also been
associated with increased odds of past-year hookah use among adolescents in a
nationally-representative sample of high school seniors.''° Recent research using the
Family Affluence Scale!?* to define adolescents’ SES identified that lower SES was
associated with higher prevalence of ever e-cigarette, cigar, and SLT use, as well as ever
use of any tobacco product and dual use of tobacco products among New England high
school students.!?> The same association, however, was not identified in a larger sample
of New England high school students when the outcome was current e-cigarette use.
Whereas there was no direct association between adolescents’ SES and current e-
cigarette use, there was a modest but statistically significant pathway from high SES to
increased exposure to e-cigarette advertising. Increased exposure to e-cigarette
advertising was in turn associated with increased frequency of e-cigarette use in the past
30 days.!?® Thus, there was a mediated association between high SES and frequent e-
cigarette use that was directed through increased exposure to e-cigarette advertising.

These inconsistencies in the association between SES and use of emerging tobacco
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products (i.e., e-cigarettes and hookah) imply that the risk factors for cigarette smoking
do not necessarily translate to being risk factors for use of other products.

Finally, the association between adolescents’ race/ethnicity and tobacco use
behaviors is also complex. There are racial and ethnic differences with respect to the
prevalence of use, products used, age of initiation, risk of transition to regular use of
tobacco, and risk and protective factors for tobacco use among adolescents. In 2017, the
prevalence of current use of any tobacco product among middle school students in the US
was highest for Hispanic youth (7.7%) followed by white non-Hispanic youth (5.1%) and
black non-Hispanic youth (4.9%).> By high school, though, the pattern changed. White
non-Hispanic high school students had the highest prevalence of current use of any
tobacco product (22.7%), followed by Hispanic youth (16.7%) and black non-Hispanic
youth (14.2%).> The products used among youth of different races and ethnicities in 2017
and 2018 differed as well; e-cigarettes were the most-used tobacco products among non-
Hispanic white and Hispanic youth, while cigars were the most-used tobacco product
among non-Hispanic black students.**

These findings agree with earlier research identifying that black and Hispanic
youth initiate smoking earlier than white non-Hispanic youth,!?” although other research
has reported earlier initiation for white non-Hispanic youth.!?® Early adolescence racial
differences in smoking initiation do not translate to later adolescence differences in more
established smoking, however. For black non-Hispanic youth, early initiation of smoking
does not significantly increase risk of regular smoking during young adulthood; for white

non-Hispanic and Hispanic youth, early initiation of smoking does increase risk of
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regular smoking by young adulthood.'?” One factor underlying this discrepancy in
tobacco use outcomes is that black non-Hispanic youth who initiated smoking early are
more likely than white non-Hispanic youth to quit smoking or to maintain low levels of
smoking throughout adolescence.'?’ Supporting the latter point is other research
identifying that white non-Hispanic youth are more likely to be regular smokers
throughout adolescence compared to black non-Hispanic youth.!%:'?° Other reasons for
this discrepancy may be related to cultural differences between racial groups, again with
ties to the norms-related aspect of the theory of planned behavior.!'? African American
youth generally have stronger connections to religion'*® and increased parental

disapproval of smoking!3!"13?

compared to white non-Hispanic youth, which may
ultimately serve to be protective against escalation to regular smoking. Moreover, white
non-Hispanic youth are generally more likely to have friends who smoke and approve of
smoking,!*? and there is evidence that they are more susceptible to peer influences than
black non-Hispanic youth.??

As adolescents mature through adulthood, the discrepancy in prevalence of
regular smoking between black non-Hispanics and white non-Hispanics narrows, or even
crosses over (i.e., the prevalence of regular smoking among black non-Hispanics catches
up to or surpasses that of white non-Hispanics).'?®!3*> A major weakness in this body of
research, however, is that adolescent tobacco use studies rarely follow participants
beyond adolescence or young adulthood, and thus it is difficult to explain the reasons for

this cross-over. Hypothesized reasons for the cross-over are generally related to the social

determinants of health. Although the family and peer context of black non-Hispanic
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adolescents appear to offer protection against transition to established smoking behaviors,
black non-Hispanic adults are more likely than white non-Hispanic adults to live in
contexts promoting regular use of tobacco. For example, a study using a nationally-
representative sample of adolescents and adults demonstrated this phenomenon by
finding that lower educational attainment and marriage rates among black non-Hispanic
adults compared to white non-Hispanic adults explained much of the cross-over effect.!?
Additionally, older age of smoking onset among black non-Hispanic people was
associated with increased risk of progression to regular smoking,'?® which is the opposite
of how the relationship operates among white non-Hispanic people.'?’ Altogether, these
findings underscore the complexity of the associations between race and tobacco use

outcomes. Although black non-Hispanic youth appear to be at reduced risk for harmful

tobacco use behaviors (e.g., regular smoking), the same is not true when they are adults.

Personality Traits and Mental Health

Adolescents’ personality traits and mental health status affect their tobacco use
behaviors. As is the case with most adolescent tobacco use research, much of the
investigation into associations between these factors and tobacco use outcomes has
focused on cigarette smoking. A personality trait that has been associated with increased
risk of cigarette smoking among adolescents is impulsivity, usually characterized by
delay discounting or sensation seeking. Delay discounting is defined as “the extent to

which an individual discounts the value of an outcome because of a delay to its
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occurrence.”’® Although the association between delay discounting trait and cigarette

134 there is evidence that adolescent

smoking behavior appears to be strongest for adults,
smokers have higher delay discounting trait than nonsmokers.”®’%-135-137 Fyrthermore,
adolescents who discount more by delay are at greater risk of smoking initiation by age
21 compared to adolescents who discount less, even after controlling for family and peer
tobacco use, other substance use, novelty seeking, other impulsivity symptoms, and
depression.!*® Sensation seeking, or a tendency to seek novel situations even if it means
taking a risk to do so,'3? has been associated with increased risk of ever smoking,?!
current smoking,?! daily smoking,'* lifetime nicotine dependence,'*’ and reduced
likelihood of cessation'*! among adolescents; there is some evidence that associations are
strongest for males.?! Though there has been limited investigation into the effects of
sensation seeking on adolescent use of other tobacco products, a longitudinal study
reported that sensation seeking measured in eighth grade was associated with use of e-
cigarettes, hookah, or little cigars by young adulthood, and that part of this association
was mediated through intentions to use cigarettes, alcohol, or marijuana.!® Another study
identified that the path from sensation seeking to ever and current cigarette use was
mediated by negative affect and reduced risk perceptions of cigarette smoking.?' Thus,
sensation seeking both makes it more likely that adolescents will start smoking and
increases the difficulty of cessation. There may be useful targets for interventions (e.g.,

increasing risk perceptions related to tobacco use) to reduce the effect of this personality

trait on tobacco use outcomes.
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Mental health symptoms are also related to tobacco use outcomes among
adolescents. Anxiety disorders among adolescents are associated with nicotine
dependence,®®!4’ and similarly, greater stress has been associated with increased nicotine
dependence in adolescent waterpipe smokers.”® As described earlier, longitudinal studies
have provided evidence in support of a bidirectional relationship between depression
symptoms and tobacco use.””"'*? Peer use of tobacco products appears to be an important
mediator for both directions. For example, youth with increased depression symptoms
were more likely to have friends who use tobacco, which predicted later tobacco
initiation. At the same time, youth who were tobacco users in early adolescence were
more likely to see a decrease in the proportion of their friends who use tobacco over time,
which was also associated with a decrease in depression symptoms.'4? Regardless of the
direction of the association, an important conclusion is that youth with mental health

symptoms are more likely to use tobacco than other youth.

Use of Other Substances and Adolescent Tobacco Use
Adolescents who use alcohol and marijuana are more likely than other

19.119.143.194 o1 be nicotine dependent.®® A recent study of a

adolescents to use tobacco
nationally-representative sample of high school students identified that youth who were
current users of one or more tobacco products had much higher odds of having used
alcohol or marijuana at least once. Dual product users, especially, had increased odds of

ever using alcohol or marijuana compared to never tobacco users; they had 29.2 times the

odds of ever using alcohol and 21.2 times the odds of ever using marijuana.'** However,

23



with emerging tobacco products, it appears that the strength of this association depends
on which tobacco products are actually being used. A large study of Hawaiian high
school students, for example, found that the association between alcohol or marijuana use
and tobacco use was strongest for youth who used both cigarette and e-cigarettes,
followed by cigarette-only users, then e-cigarette only users; all groups had a higher
prevalence of alcohol and marijuana use than nonusers, however.!* An earlier study of
high school students in the northeastern US, however, identified that current e-cigarette
users were more likely than cigarette smokers to have smoked blunts (i.e., marijuana in a
cigar) in the past month.!*® These associations may be the result of common liability for
using illicit substances among adolescents (i.e., common risk factors that predict use of
illicit substances during adolescence). As is the case with tobacco use, sensation

148,149 and parental substance use!’

seeking, !¢ delay discounting,'’ peer substance use,
affect adolescents’ use of alcohol and marijuana.
Cross-sectionally, there is evidence that youth who smoke cigarettes are more
likely than nonsmokers to use emerging tobacco products.'*!132 As those early cross-
sectional studies were not designed to assess causality, more recent longitudinal research
has attempted to determine whether use of emerging tobacco products increases risk of
using traditional tobacco products, particularly cigarettes, among adolescents. A 2017
systematic review summarizing the results of these studies concluded that adolescents
and young adults who had used e-cigarettes at baseline were at increased risk of initiating

cigarette smoking over the follow-up period.'”® Specifically, after adjusting for cigarette

smoking risk factors in a pooled analysis of data collected between 2012 and 2016,
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adolescents and young adults who were ever e-cigarette users at baseline had 3.6 times
the odds of becoming an ever cigarette user at follow-up; current e-cigarette users at
baseline had 4.3 times the odds of becoming a current cigarette user at follow-up.’
Interestingly, e-cigarette-using adolescents who had low intentions to smoke cigarettes
were more likely to initiate cigarette smoking than adolescents with higher intentions to
smoke cigarettes.!*® Recent longitudinal research has examined whether the path between
e-cigarette use and cigarette smoking was bi-directional—that is, in addition to testing
whether baseline e-cigarette use increased adolescents’ risk of later cigarette initiation,
the research evaluated whether baseline cigarette use increased risk of later e-cigarette
initiation.'>* Ultimately, findings from these studies were mixed.!>*!3

Although there is a clear association between e-cigarette use and later initiation of
cigarette smoking, whether adolescents who use e-cigarettes and progress to using
cigarettes would have started smoking cigarettes anyway is less clear. A few studies have
attempted to better understand whether youth who use e-cigarettes would have otherwise
proceeded to cigarette smoking by using causal inference methods. A propensity score
matching analysis using nationally-representative data identified that adolescents who
used e-cigarettes had higher intentions to smoke cigarettes in the future.'*® Another study
estimated nonsmoking youths’ propensity to smoke cigarettes according to baseline risk
factors for smoking, then evaluated whether baseline e-cigarette use increased risk of
smoking at follow-up homogeneously across these risk groups. Similar to the findings
reported above,!*® baseline e-cigarette use had the greatest effect on cigarette initiation

among youth who had the lowest propensity to smoke cigarettes at baseline.!>” These
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results provide support for the gateway hypothesis that e-cigarettes are attracting youth to
tobacco products who would not have used them otherwise. Physiologically, the rewards
associated with nicotine in the adolescent brain'! may encourage them to transition to
cigarettes, which deliver nicotine more efficiently than some types of e-cigarettes.!®
Applying social cognitive theory!'®! and the theory of planned behavior,!!? e-cigarette use
may also increase risk of smoking initiation by teaching adolescents cigarette smoking
behavior, increasing positive expectancies related to cigarette smoking, or re-normalizing

smoking behaviors.

Use of Entertainment Media

Adolescents are particularly susceptible to messages conveyed through the
media.'*® Health behavior and communications theories can be used to understand how
media exposures affect adolescent health behaviors. One theory, cultivation theory,
suggests that media exposures shape how adolescents perceive the real world.'®
Following this theory, frequent exposure to tobacco portrayals through television,
movies, and the internet would affect adolescents’ perception of the prevalence and
acceptability of tobacco use.'® Recently, media has even been described as a “super
peer” to adolescents, as the extent to which adolescents identify with models who use
tobacco is associated with their perceived social acceptability of tobacco use.'!'* A second
theory, social cognitive theory, would argue that media exposures to tobacco use
portrayals teach adolescents what (positive or negative) consequences to expect from

tobacco use.!’! Again, the extent to which adolescents identify with the models using
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tobacco would affect how likely they are to engage in the model’s behavior.!6192 A third
theory, the theory of planned behavior,''? could be used to describe how media exposure
to tobacco use portrayals affect adolescents’ attitudes and norms related to tobacco use.
Attitudes and subjective norms, in turn, affect adolescents’ intentions to use tobacco and
ultimately affect their tobacco use behaviors.

From substantive research into the associations between media exposures and
adolescent tobacco use, we can conclude that media exposures do affect adolescent
tobacco use behaviors.”® Increased exposure to tobacco use portrayals in movies has been

associated with increased risk of smoking intentions'®* and initiation’®*

among
adolescents. Frequent television watching has also been associated with increased risk of
smoking initiation among adolescents.'®* Lending support to the theories above, there is
evidence that the paths from exposure to tobacco use portrayals in movies and television
to adolescent tobacco use intentions are mediated through descriptive and injunctive
norms.'® Along those lines, adolescents exposed to tobacco use portrayals or pro-tobacco
messaging on social media sites are also at increased risk of tobacco use initiation—
potentially with stronger effects than what has been observed for movies or television.'®
Additionally, social media exposures may lead to e-cigarette use, specifically, by
affecting positive expectancies of e-cigarette use.!®” With the increased e-cigarette
presence on social media over the past few years (particularly related to JUUL),'®® these

are concerning findings. In summary, adolescents who are frequent users of

entertainment media are at increased risk of using tobacco.
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Peer and Parental Influences on Tobacco Use

According to primary socialization theory, adolescents generally learn normative
behaviors from their peers, family, and school.!*® One behavior that adolescents learn
through socialization is tobacco use. In practice, evidence suggests that the association
between peer tobacco use and an adolescent’s tobacco use actually results from both
socialization and peer selection processes (i.€., adolescents choose friends who are most
like them).!”® Regardless of the processes involved, it is clear that peer and family use of
tobacco are associated with adolescents’ tobacco use behaviors. For example, although
adolescents who smoke and those who do not smoke tend to have similar social network
characteristics and social support, those who smoke also have a higher proportion of
friends and family members within their social networks who smoke.!”!

The influence of peers on one’s decision-making increases during adolescence.'®
Developmentally, adolescents are working toward establishing their identities; affiliating
with peers who help them reach their desired social identity becomes an important
goal.!% This new closeness with friends increases normative pressure to participate in
risky behaviors if one’s friends are doing so.!”® Accordingly, there is substantial evidence

that peer use of cigarettes increases adolescents’ risk of ever smoking,?? current

22-24 t; 172

smoking, regular smoking,'® and becoming nicotine dependen it also increases
frequency of smoking.>>?® Though less studied, peers have a similar influence on
adolescent use of other tobacco products, including SLT? and e-cigarettes.”>!* The
effect of peer tobacco use on adolescents’ smoking behaviors is not stable across

adolescence, however. The effects of peer tobacco use appear to be strongest in early
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compared to late adolescence (i.e., the effects are generally stronger for middle school
compared to high school students).?*?°

There is also some evidence that the effect of parental tobacco use on adolescent
use differs across development, although results are less consistent. One study identified
that the effect of parental smoking on the frequency of smoking among adolescents
increased over the course of middle school, and then decreased starting in tenth grade.?
Another study found that the association between parental smoking and current smoking
among adolescents was stable from ages 10-17.2* In general, however, adolescents whose

25.26 and are at increased risk

parents smoke cigarettes smoke more frequently themselves
of early experimentation with cigarettes,?’ current smoking,?* regular smoking,?’ and
nicotine dependence symptoms.3®!”> Maternal smoking (post-pregnancy) has further been
associated with adolescent use of emerging tobacco products, including hookah, e-
cigarettes, and cigars.!” Additionally, adolescents who received their first e-cigarette from
a family member have a greater frequency of e-cigarette use than those who received
their first e-cigarette from a friend.”® Several factors are likely to influence parent-to-
child transmission of tobacco use behaviors, including genetics,'” parenting style,'*
parental role modeling,'’! household rules about tobacco use,'’* and increased perceived

availability of tobacco products.'"”

Conclusion
There are several individual- and interpersonal-level risk factors for adolescent

tobacco use. While associations between these risk factors and tobacco use outcomes
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have generally been found to be consistent across tobacco products, some differences
across products have emerged. For example, the association between SES and risk of
cigarette smoking may differ from the association between SES and risk of e-cigarette
use. Moreover, the few studies that have more directly compared risk factors for cigarette
and e-cigarette use have identified that youth who use e-cigarettes generally have low
risk for using cigarettes. While this suggests that e-cigarette use may be attracting youth
to cigarette smoking when they otherwise would not have become smokers, that
conclusion cannot be drawn from the existing literature. Application of causal inference
methods that allow for comparison of risk of cigarette use among adolescents who use e-
cigarettes and similar adolescents who do not use e-cigarettes is warranted. Such work
would further our understanding of whether e-cigarettes act as a gateway to traditional

tobacco product use among adolescents.

Community-Level Risk Factors for Adolescent Tobacco Use

In addition to individual and interpersonal-level risk factors for tobacco use
among adolescents, the community in which adolescents live affects their risk of tobacco
use. The relationships between adolescent tobacco use and rurality, Appalachia region,
neighborhood quality, and neighborhood exposures that promote tobacco use should be
considered, as they provide the context for policies enacted at the community level (such
as licensing, minimum price, or age restriction laws) that aim to reduce adolescent

tobacco use.
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Rurality, Appalachia, and Adolescent Tobacco Use

Rural areas of the U.S.¢ are characterized by poorer health outcomes across all
ages relative to urban areas.!’® For example, people living in rural communities have
higher rates of infant mortality,!”® obesity,!”” COPD,!”¢ ischemic heart disease,!’® and
lung cancer incidence and mortality,'”® compared to adults living in urban communities.
Some factors underlying these poorer health outcomes in rural areas include lower

180,181 a5 well as cultural

educational attainment,'”” income,'’® and use of medical care,
factors that may support adoption and continuation of poor health behaviors.!?
Additionally, a major contributor to rural/urban health disparities is the elevated
prevalence of tobacco use and exposure to second-hand smoke in rural areas.'®* The
increased prevalence of tobacco use in rural areas is most prominent for non-menthol
cigarettes! 7183184 and SLT;'#3-185 yse of SLT is three times more prevalent among adults
living in rural areas than urban areas.'®* Disparities in life expectancy between rural and
urban areas are growing, and major causes for the increasing discrepancy include heart
disease, stroke, COPD, and lung cancer.'®® This highlights the importance of studying the
distributions and determinants of health behaviors, including tobacco use, that underlie
this disparity.

Disparities in rural/urban tobacco use begin during adolescence. Prevalence of

187-189

ever'®” and current use of tobacco products is higher among adolescents living in

rural compared to urban areas. One reason for this disparity may be the increased

¢ Rural areas are defined by the U.S. Census Bureau as all non-urban areas. Urbanized areas are defined as
areas of 50,000 or more people. Urban clusters are defined as areas of 2,500 to 49,999 people. All other
areas are defined as rural.'”
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perceived ease of access of cigarettes and SLT for rural adolescents compared to urban
adolescents.!®® This increased perceived ease of access to tobacco products is likely
driven by both the increased prevalence of tobacco use among adults in their
communities and the decreased prevalence of within-home smoking bans in rural
compared to urban areas.'®*> A second reason for this disparity could be increased

exposure to tobacco marketing,'¥!°!

as well as decreased media support for tobacco
control policies in rural areas compared to urban areas.'®? Finally, tobacco control
policies overall tend to be weaker in rural areas than urban areas. In rural areas, cigarette
excise taxes are marginally lower'® and indoor smoking bans are less common.'3?

Another way to classify communities in the U.S. is by Appalachian status. Over
25 million Americans live in Appalachia, which is comprised of both urban and rural
communities and covers 420 counties across 13 states.'”> The Appalachian region has
historically been characterized by widespread poverty, although recent diversification of
industry in some Appalachian communities has resulted in more economic heterogeneity
across the region and decreased poverty rates overall.'>> However, many Appalachian
counties are still considered economically distressed or at risk of becoming distressed. In
Ohio, for instance, three Appalachian counties are considered economically distressed
and ten are at risk of becoming distressed.'**

Health outcomes in Appalachian communities are poor compared to non-
Appalachian communities, especially for cancer. Cancer mortality rates are higher in

Appalachia than the rest of the U.S., particularly for colorectal cancer, cervical cancer,

and lung cancer.'®® Incidence of cancer across all sites is also higher in Appalachian
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communities than non-Appalachian communities, and there is evidence of this disparity
decreasing over time for some cancers.!”® However, disparities in the incidence rates of
lung and bronchus, oral and pharynx, or larynx cancer are not narrowing over time. '
Contributing to these disparities is the high prevalence of tobacco use in Appalachia.
Overall, the prevalence of smoking is nearly four percentage points higher in
Appalachian communities compared to the rest of the U.S., but the prevalence of
smoking across Appalachian communities differs substantially, ranging from 4% to 45%
of adults.!”” Prevalence of SLT use is also generally higher in states with Appalachian
counties compared to states without Appalachian counties, although there is also an
elevated prevalence of SLT use in western states with large rural populations.!'*®
Theorized causes of elevated prevalence of tobacco use in Appalachia,
particularly cigarette smoking and SLT use, are multifactorial. Demographic
characteristics of the region, including low socioeconomic status and education,'** as
well as economic reliance on tobacco farming in some communities,'®” contribute to
increased prevalence of tobacco use. For the latter point, there is additional evidence that
growing up in a tobacco-growing community puts youth at risk of earlier initiation of
tobacco use.? Cultural factors that are unique to Appalachia also contribute to increased
prevalence of tobacco use in the region. Appalachian residents tend to have close
interpersonal relationships with their extended family members,?®! and qualitative
research indicates that this closeness to family members who use tobacco contributes to
generational transmission of tobacco use behavior.!'%!%? Appalachian adolescents with

close ties to family members who use tobacco have relatively easy access to tobacco
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116 a5 well as role models of tobacco use.!” Regarding SLT use specifically,

products,
wishes to emulate male family members who use SLT motivate adolescent males to
initiate use of the product.''® Moreover, use of SLT has been described as a rite of
passage for male adolescents in Appalachian communities, seen as an almost inevitable
part of becoming a man.!!¢ Reinforcement of these cultural norms through tobacco
marketing may also increase the prevalence of tobacco use among adolescents and adults
in Appalachia. Conveying messages of masculinity, individuality, and ruggedness,?’?
SLT advertisements are perceived by Appalachia residents to reflect the culture of their
community.'!¢

In summary, rural and Appalachian communities experience poor health
outcomes, and one contributor to these poor health outcomes is the elevated prevalence of
cigarette and SLT use. Both types of communities are characterized by increased levels
of economic distress, as well as other factors supporting adolescent tobacco use. Such
factors include a high prevalence of tobacco use among adults, which increases youth
access to tobacco products and establishes tobacco users as role models; viewing tobacco
use as a rite of passage; exposure to targeted tobacco marketing; and weaker tobacco
control policies at the home and community levels. Improved understanding of how these

factors work together to affect adolescent tobacco use outcomes would be a step forward

toward reducing urban/rural and Appalachian/non-Appalachian health disparities.

Neighborhood Quality and Adolescent Tobacco Use
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Neighborhood quality, which is often operationalized using objective indicators
for socioeconomic status or racial composition of a neighborhood, or more subjective
indicators including safety, social cohesion, or collective efficacy, has been linked with
numerous health outcomes. Poor neighborhood quality has been associated with

h,203’204

increased risk of premature deat mental health problems,?*® and chronic

disease,204’2°6’207

as well as health behaviors that contribute to chronic disease, such as
poor diet and increased sedentary time.??%2% As youth enter adolescence, their greater
independence'® results in increased exposure to features of their neighborhoods and
larger communities.?!” Thus, investigation into how neighborhood quality influences
adolescents’ health behaviors, including tobacco use, is warranted.

The methods used to evaluate whether there is an association between
neighborhood quality and adolescent tobacco use outcomes have been varied, and
accordingly, studies have found mixed results. Much of the research has been
longitudinal in design, however, some longitudinal studies used prevalent rather than

(13

incident tobacco use as their outcomes. Next, the definition of a youth’s “neighborhood”
was in most cases his or her home census tract, but in other cases census block group or
school district. Additionally, some studies defined neighborhood quality by objective
measures (e.g., census-tract level indicators such as percent of families below the federal
poverty level), while others used subjective or perceived measures of neighborhood
quality (e.g., social cohesion or collective efficacy). Finally, the measures of objective or

subjective neighborhood quality have not been consistent across studies. For example, in

some cases a neighborhood is classified as disadvantaged if a certain proportion of
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households in that neighborhood are below the federal poverty level. In other cases, a
neighborhood is classified as disadvantaged based on composite scores of more than one
census indicators. Similarly, studies of more subjective measures of neighborhood quality
use different constructs to represent neighborhood advantage or disadvantage, such as
disorganization, collective efficacy, and perceived neighborhood drug involvement.
Starting with studies using objective measures of neighborhood quality, two
longitudinal studies of high school students identified that census tract-level indicators of

neighborhood disadvantage as measured at adolescents’ baseline homes were not
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associated with prevalent past-year use of cigarettes or e-cigarettes' " at follow-up.
Another study, which evaluated incident tobacco use, found that neighborhood
disadvantage measured in adolescents’ home census block groups at age 10-15 years did
not affect risk of tobacco initiation at follow-up, which was approximately three years
later for participants on average.?!> Conversely, in a cross-sectional study of Virginia
middle and high school students, living in a socioeconomically disadvantaged school
district was associated with increased odds of being a light (smoking 1-5 days of the past
30 days), medium (smoking 6-19 days of the past 30 days), or heavy (smoking 20 or
more days of the past 30 days) cigarette smoker compared to living in a more
socioeconomically advantaged school district, controlling for age and race.?!3

Studies of the association between perceived neighborhood quality and adolescent
tobacco use have generally arrived at more consistent conclusions. In one national U.S.

study, adolescents aged 12-18 years who lived in parent-perceived low quality

neighborhoods were more likely to be regular cigarette smokers (i.e., smoking daily for
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the past 30 days) than adolescents who lived in higher quality neighborhoods.!®* Another
study of adolescents who were 11- to 17-years-old identified that youths’ risk of smoking
progression (from experimentation to dependence) increased as the perceived prevalence
of smoking in their home census block group increased, after controlling for parental,
peer, and school classmate smoking.?!* This result suggests that neighborhood-level
modeling of tobacco use behaviors may influence youth tobacco use above and beyond
modeling that occurs at more proximal ecological levels. A third study found that
neighborhood disorganization (e.g., high rates of crime, abandoned buildings, and
graffiti) increased and neighborhood cohesion (e.g., helpful neighbors and shared
neighborhood values) decreased odds of past-year cigarette and e-cigarette use among
adolescents, and neighborhood problems with substance use increased odds of past-year
use e-cigarette use.'® A similar study of the association between objective and parental-
perceived indicators of neighborhood quality, however, identified that the association
between measures of perceived neighborhood quality and past-year tobacco use was
null.?!! Notably, although both of these studies were longitudinal by design, their
outcomes were prevalent rather than incident tobacco use.

Only one known study accounted for the duration of youths’ exposure to
disadvantaged neighborhoods based on census tract-level poverty rate, rather than
measuring neighborhood-level factors at only one point in time.?® Additionally, because
residential history started at age four years, exposure to neighborhoods with a high
poverty rate was ascertained prior to tobacco use initiation. This study identified that

longer duration of living in a high-poverty census tract (i.e., a census tract with more than
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20% of households below the federal poverty level) vs. a low-poverty census tract (i.e., a
census tract with fewer than 10% of households below the federal poverty level)
increased risk of cigarette smoking initiation by age 25 for white respondents, but not
black respondents.?®

This latter study’s finding that the effects of neighborhood disadvantage differed
for white and black respondents aligns with an earlier study’s findings that exposure to
low-quality neighborhoods adversely affected tobacco use behaviors for white
adolescents, but not black adolescents.?'> Potential reasons for this heterogeneity of
neighborhood effects by race are the differences in smoking trajectories'*® and increased
parental disapproval of smoking among black youth compared to white youth.'?” Another
explanation for heterogeneity of the effect of neighborhood quality on tobacco use across
racial groups in studies that only measure neighborhood quality at one point in time is
that black and Hispanic youth have a longer duration of living in disadvantaged
neighborhoods than white youth on average.?!® Thus, black youth and white youth who
live in the same disadvantaged neighborhood at a given point in time may have different
histories of exposure, risk factors, and protective factors related to tobacco use.

There is also evidence that the effect of individual-level SES on adolescent
tobacco use is modified by neighborhood quality, with low-SES youth who live in
disadvantaged neighborhoods having faster trajectories from experimentation to
established smoking than their higher-SES counterparts who live in disadvantaged
neighborhoods, controlling for race/ethnicity, gender, and urban/rural status.'?’ Other

individual- and interpersonal-level tobacco use risk factors that are modified by
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neighborhood quality are authoritative parenting style (which is most protective against

) 103
5

adolescent smoking among youth living in disadvantaged neighborhoods sensation

seeking (which increases risk of smoking initiation more among youth living in more

) 212
5

advantaged neighborhoods resistance self-efficacy (which was more protective

) 104
5

against tobacco use for youth living in more organized neighborhoods and peer

tobacco use (which increases risk of tobacco use less for youth who live in disadvantaged
neighborhoods).!%

In summary, due to the variety of methods used and definitions employed by
studies, it is difficult to ascertain exactly what the association is between neighborhood
quality and adolescent risk of tobacco use from the existing literature. Youth living
within neighborhoods are heterogeneous with respect to risk and protective factors for
tobacco use, and there is evidence that neighborhood quality interacts with these
individual- and interpersonal-level risk and protective factors. The existing evidence
base, therefore, underscores a need for improved understanding of how systems of

individual-, interpersonal-, and community-level risk and protective factors predict

adolescent tobacco use.

Neighborhood-Level Exposures Promoting Tobacco Use
Neighborhoods differ with respect to their tobacco-promoting and tobacco-

discouraging structural aspects,!’

and there is evidence that neighborhood disadvantage
and these structural aspects are associated. Low-SES areas have higher densities of

tobacco retailers®? and higher proportions of retailers that sell tobacco.*® Moreover,
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retailers in low-income, high-racial-minority areas tend to have lower tobacco prices°
and increased amounts of indoor and outdoor tobacco advertisements.** According to
tobacco industry internal documents, this targeting of low-SES, high-racial minority
communities was intentional ?%2!8

These associations are notable because adolescents are susceptible to the effects
of exposure to tobacco marketing in their communites.*® Living in a census tract with a
high density of tobacco retail outlets increased odds of current cigarette smoking among
youth and young adults.* Higher density of tobacco retailers per mile around
adolescents’ homes also increased frequency of cigarette smoking®!® and odds of ever

3840 particularly for young adolescents.*® Finally, adolescents who

cigarette smoking,
frequently visited retailers characterized by heavy tobacco advertising (e.g., convenience
stores, liquor stores, and small markets) had increased risk of cigarette smoking initiation,
after controlling for demographics, parental and peer smoking, risk-taking behavior,
media exposures to smoking, school performance, and after-school unsupervised time.??°

One path through which increased exposure to tobacco marketing may affect
youth tobacco use behaviors is through influencing smoker prototypes and social norms.
Tobacco retailer density per 1000 youth at the county level has been associated with
increased odds of youth thinking smoking makes them look cool.** Additionally,
increased density of tobacco retailers per square mile around adolescents’ homes has
been associated with higher perceived prevalence of adult smoking.*® However, the

evidence is mixed, as a study of mostly African American youth found no association

between tobacco retailer density within a half mile around adolescents’ homes and
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thinking adolescents who smoke look cool or have more friends.??! Another path may
involve adolescents’ beliefs about the ease of accessing tobacco products. Tobacco
retailer density per 10,000 people has been associated with increased perceived
availability of cigarettes and decreased perceived underage tobacco law enforcement.>® A
third path may be through affecting adolescents’ intentions to use tobacco. One study
identified that higher tobacco retailer density within a half mile around adolescents’
homes increased intention to smoke within three months, and living closer to a tobacco
retailer increased intention to smoke within five years.??! A fourth path may be through
reduced self-efficacy related to abstaining from smoking, as exposure to a high density of
tobacco retailers decreased adolescents’ readiness to quit smoking and increased their
likelihood of thinking they would accept a cigarette from a peer.??!

To conclude, youth are increasingly exposed to features of their neighborhoods as
they mature through adolescence. For youth who live in disadvantaged neighborhoods,
this also means increased exposure to tobacco marketing and reduced prices of tobacco
products. Because youth are price-sensitive and susceptible to the effects of exposure to
tobacco marketing, this results in an increased risk of tobacco use. Such findings provide

useful targets for policy-level interventions to reduce adolescent tobacco use.

Policy Approaches to Tobacco Control

Numerous tobacco control policies have been implemented in the U.S. at the
federal, state, and local levels. However, reductions in the prevalence of tobacco use have

not been equitable across the population.??? As described above, neighborhood
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composition is associated with tobacco retailer density and tobacco prices,*’ putting the
adolescents who live in neighborhoods with a low-SES, high-racial-minority population
at increased risk of exposure to high tobacco retailer density and low tobacco prices. This
section will focus on policies that may reduce these place-based disparities in
accessibility to tobacco products as well as policies that aim to reduce youth purchasing

of tobacco products overall.

Licensing and Zoning Laws

Licensing is used by states, counties, or cities to regulate businesses.?** States,
like Ohio, that require tobacco retailers to be licensed may place requirements on
businesses that sell tobacco, such as restricting sales to minors.??*> Other applications of
licensing laws are that they can restrict the types of retailers that can sell tobacco, how
close tobacco retailers can be to each other, how many can operate per a geographic area
(sometimes linked to population size), and how close retailers can be to schools.??*?2*
Zoning laws regulating land use can define what type of business are allowed to operate
in a district.??*> Thus, zoning laws could be applied to prevent or cap the number of
tobacco retailers operating in residential areas or areas that are frequented by youth.?**

To date, several municipalities have restricted the types of retailers that can sell
tobacco by banning sales at pharmacies.??> Simulation studies have found relatively
modest effects of this approach for reducing retailer density compared to other

approaches, however.??22® Longitudinal research comparing actual reduction in retailer

density in cities that implemented a ban on tobacco sales at pharmacies to comparable
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cities without a ban confirmed that this approach did result in a reduction in retailer
density.?? However, the magnitude of reduction in density appears to differ substantially
depending on the location,?? so it is unclear how this approach would affect tobacco
retailer density in Ohio. Importantly, no studies have concluded that banning tobacco

226,227 in

sales at pharmacies would reduce place-based disparities in tobacco availability;
fact, effects may be strongest in suburban communities.??’

Other approaches to reducing tobacco retailer density include limiting the
proximity of tobacco retailers to each other or to schools. Simulation studies evaluating
the effects of limiting the proximity of tobacco retailers to each other (typically using a
500-foot limit) have identified larger decreases in tobacco retailer density compared to
banning tobacco sales at pharmacies.??’-*?® Further, effects may be strongest in poor,
urban settings.??’” Similarly, prohibiting tobacco retailers within 1000 feet of schools may
lead to the greatest reduction in retailer density in low-income and high-racial-minority
census tracts.?*® Notably, these simulation studies all modeled the effects of these
approaches outside of Ohio. With Ohio’s blend of urban and rural—and Appalachian and
non-Appalachian—counties, the effects of simulations in New Y ork, Missouri,
California, and North Carolina may not translate to what would be observed in Ohio. The
only indication of potential difference in effects according to rurality come from a North

Carolina study that reported banning tobacco advertising at retailers within 1000 feet of

schools would affect 2.5 to 3 times as many retailers in urban compared to rural areas.?!

Policies Related to Tobacco Prices
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As tobacco prices tend to be lower in low-income, high-minority areas,*° laws that
set flat rate minimum prices (i.e., laws that prohibit tobacco products from being sold
under a certain price even with discounts) or eliminate tobacco price discounts are other
potential routes to reduce place-based disparities in tobacco availability.>**?** Even in
locations with high cigarette excise tax rates, discounts are widely available to reduce the
price of tobacco purchases. In fact, the cigarette industry spent $8.6 billion on advertising
and promotion in 2017; $7.4 billion was spent on price discounts to retailers and
wholesalers, and $301.9 million was spent on coupons.?** That same year, the SLT
industry spent $718.3 million on advertising and promotion, with $438.5 million going
toward price discounts to retailers and wholesalers and $76.9 million going toward
coupons.?* Thus, flat rate minimum price laws and bans on price discounts— assuming
the minimum price is set high enough—are methods to even out the distribution in prices

across neighborhoods of different incomes and demographics.

There is evidence that, in practice, flat rate minimum price laws do increase the
prices of tobacco products. In the past six years, Boston and three Minnesota
municipalities set minimum prices for single cigars and cigars sold in packs of 4 or
fewer.2*%37 In addition to seeing significant increases in the price of single and two-pack
cigars after policy implementation, the proportion of retailers sellng single or two- or
three-packs of cigars also decreased substantially. Additionally, compliance with the
policy was quite high, with 75-100% of retailers complying in each city.?**?3” In Boston,
there was also evidence that policy implementation reduced disparities in cigar price and

availability across neighborhoods,?’ though this was not evaluated in the Minnesota
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study. At the national level, recent research demonstrated that states with flat rate

minimum price laws for cigarettes had higher priced cigarettes, >

although it is possible
that such states have high support for tobacco control measures overall, which could also
lead to raised prices. These results are in contrast to older studies that found null or
opposite effects of minimum price laws (i.e., that minimum price laws resulted in lower
prices of cigarettes), but it should be noted that such laws were initially put in place to
protect smaller retailers from being undersold by large merchandisers and thus were not
very strong.?**2% Ultimately, simulation studies estimate that strong flat rate minimum
price laws would result in decreases in the prevalence of tobacco use, particularly for
lower SES individuals.?*"?*> There is also evidence that higher tobacco prices are

associated with increased smoking cessation,* and reduced smoking initiation among

adolescents.**

Similarly, prohibition of price discounts, including coupon redemption, multi-
pack discounts, and buy one/get one free offers (hereafter referred to as “price
discounts”) can be used to raise the price of tobacco products.?** From 2011 to 2016,
price discounts applied at the point-of-sale reduced the price of cigarettes by 25% to 37%
and little cigars by 4.1% to 19.2% in the U.S, with the magnitude of price reduction
depending on type of retailer.?** Even among youth who are too young to legally take
advantage of price discounts at the point-of-sale, there is evidence that this practice
promotes youth tobacco use. Youth exposed to tobacco coupons have increased odds of
being susceptible to smoking and intending to purchase cigarettes, as well as reduced

self-efficacy in quitting smoking.?** Policies banning coupon redemption and multi-pack
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discounts have been implemented in Providence, Rl and New York City, NY, and were
upheld in spite of tobacco industry legal challenges citing restriction of free speech.?*

In conclusion, the average price of cigarettes in the U.S. is far below the $10 per
pack cost recommended in the 2014 Surgeon General’s report.! Combining bans on price
discounts with flat rate minimum price policies raises prices above and beyond the effects
of flat rate minimum price laws alone,?*® and may accordingly lead to greater reductions
in the prevalence of youth smoking. One simulation study, for example, estimated that
banning the sale of cigarettes below $10 would result in 602,425 fewer adolescent
smokers in the U.S.; paired with a ban on price discounts, the total result would be
637,270 fewer adolescent smokers.?*” Importantly, the estimated reduction in smoking
prevalence was highest in states with low excise taxes and high prevalences of youth

smoking?*’—suggesting that such a policy approach may be particularly useful at

reducing the prevalence of youth tobacco use in Ohio.

Tobacco 21

Tobacco 21 (T21) policies prohibit the sale of tobacco products to youth or young
adults under 21-years-old. The primary rationale for this policy is that it limits the ability
of older teens and young adults ages 18-20 to supply tobacco products to their younger
friends, as one of the major sources of tobacco products among youth is through their
peers.2*® Additionally, such policies make it more difficult for adolescents and young
adults to try tobacco products during a period at which they are at high risk for doing so

and becoming addicted.! A simulation of the health impacts of a T21 policy enacted at
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the national level concluded that it would result in a 12% decrease in adult smoking
prevalence in the U.S., and that decreases in smoking initiation would be greatest among
youth ages 15-17 years.?*® Ultimately, this simulation estimated that increasing the
minimum legal age of tobacco sales to 21 years would result in 50,000 fewer lung cancer
deaths, 223,000 fewer premature deaths, and a reduction of 4.2 million years of life
lost.?* A different simulation study identified that T21 may result in reductions in adult
smoking prevalence equivalent to aggressive excise taxes.?>® As the 2009 TCA prohibited
the FDA from raising the minimum age to purchase tobacco products in the U.S. above
18 years,*® enactment of this policy has occurred at the state and local levels.

As of July 2019, 18 states and over 475 municipalities have passed a T21
ordinance,?®! including Ohio in 2019.2°2 Columbus, Ohio, prohibited the sale of any
tobacco product to youth or young adults under the age of 21 in September 2017.2%3
Across the U.S., T21 polices have widespread support, with over 70% of adults
supporting the policy in 2013.%5% In addition, in approximately 30 states, T21 policies
enacted at the local level are not subject to pre-emption by state law—removing a barrier
to implementation of this policy at the local level.?>> Importantly, there is evidence that
such policies do actually result in reductions in youth smoking. In Needham, MA, the
first city to pass a T21 policy, the rate of decline of youth current smoking exceeded that
of nearby comparison communities with no such policy.?*® The percentage of youth
under 18-years-old who purchased cigarettes also decreased more in Needham than in the

comparison communities.?>
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Flavored Tobacco Product Bans

The TCA banned the sale of flavored cigarettes with the exception of menthol;*
however, flavors of other tobacco products, including e-cigarettes, little cigars, hookah,
and SLT are still permitted in most states and localities.f Presently, Maine and New
Jersey are the only states to restrict the sale of flavored tobacco products.?>®?>° A rapidly-
growing list of over 200 localities have placed additional restrictions on flavored tobacco
products, including over 45 that have also restricted or banned sale of menthol
cigarettes.?”” Youth in the U.S. prefer flavored tobacco products: Among youth who were
current tobacco users in 2014, an estimated 70% had used at least one flavored product in
the past 30 days.?®® Additionally, promotion of menthol cigarettes and availability of
flavored cigars are more prevalent in neighborhoods with a high proportion of African

261262 contributing to place-based disparities in tobacco marketing.

Americans,
Overall, banning flavored tobacco products reduces youth tobacco use. After
flavored cigarettes were banned in the U.S., reductions were observed in the prevalence
of youth cigarette smoking and amount of cigarettes smoked by youth at the national
level.?®® At the same time, however, increases were observed in the prevalence of
menthol cigarette smoking and use of flavored cigars and pipes.?®* Thus, there is
evidence that the ban of cigarette flavors resulted in some youth substituting with

menthol cigarettes or other flavored tobacco products rather than abstaining completely.

A study of a more comprehensive flavor ban also found reductions in youth tobacco use.

fOn November 15, 2018, the FDA proposed rules to restrict sales of flavored e-cigarettes in retailers
without age restrictions (except for mint and menthol), ban menthol cigarettes and cigars, and ban flavored
non-premium cigars.?>’

48



In 2010, New York City started enforcing a flavor ban across all tobacco products (again,
menthol was excluded from the ban). In the following years, there was a decrease in the
prevalence of adolescent use of flavored tobacco products, as well as use of tobacco

overall .24

Conclusion

To summarize, tobacco control policies enacted at the federal, state, and local
levels have reduced youth tobacco use. Some policies, including licensing or zoning
laws, price laws, and flavor bans additionally have the potential to reduce place-based
disparities in tobacco accessibility. Other policies that may not affect place-based
disparities in tobacco accessibility, like T21, nonetheless reduce youth tobacco use

overall and are likely to have large, positive impacts on the population’s health.

Summary

Adolescent use of traditional tobacco products continues to decline in the U.S.
However, increases in the prevalence of emerging tobacco product use have offset these
declines, resulting in no change in the prevalence of adolescent tobacco use overall.’ A
substantial body of research has described the health effects of tobacco use, as well as
individual- and interpersonal-level risk factors for tobacco use. Additionally, living in
rural or Appalachian areas has been consistently associated with increased risk of using
tobacco products. How other aspects of place, such as perceived neighborhood quality,

affect adolescent tobacco use is less well understood. Polices have been implemented at
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the federal, state, and local levels to curb adolescent tobacco use, including policies that
increase tobacco prices, ban flavors, and raise sales ages to 21. How the implementation
of T21 affects other characteristics of the retail environment after being implemented is
unstudied, though. The overarching goal of this research, therefore, is to extend our
understanding of 1) how use of emerging tobacco products relates to risk of using
traditional tobacco products, 2) how exposure to low-quality neighborhoods affects risk
of using traditional and emerging tobacco products, and 3) whether implementation of

T21 policy results in changes to the tobacco retailer environment.
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Chapter 2. Research Design and Methods

Overview

The proposed research aimed to improve understanding of adolescent tobacco use
by evaluating factors at the individual, community, and policy levels of the social
ecological model. Respectively, this research: 1) identified whether e-cigarette use served
as a gateway to use of cigarettes and SLT, 2) described the effects of perceived
neighborhood quality on use of traditional and emerging tobacco products, and 3)
measured whether implementation of T21 policy was associated with changes to tobacco
retailer practices. Assessments of e-cigarettes’ potential gateway effects and the effects of
exposure to lower quality neighborhoods were completed using a prospective cohort of
adolescent males living in urban and Appalachian Ohio. The evaluation of potential
retailer changes post-implementation of T21 was completed using five years of audits of

Columbus, Ohio, retailers that held a cigarette dealer license.

SA1 & SA2: Setting & Participants

The Buckeye Teen Health Study (BTHS) is a prospective cohort study of N=1220
males ages 11- to 16-years-old who live in Franklin County (N=708) and Appalachian

Ohio (N=512) (Appalachian counties include Brown, Clermont, Guernsey, Lawrence,
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Morgan, Muskingum, Noble, Scioto, and Washington). Households were sampled using
address-based sampling (N=991) and convenience sampling methods (N=229). Male
youths’ parents, guardians, or other caretakers also enrolled in the study and provided
additional information about the male youths’ SES, household exposure to tobacco use,
and neighborhood during childhood. The study’s enrollment occurred from January 2015
to June 2016, and youth were followed every six months for two years; their parents were
followed yearly for two years.® Thus, male youths’ tobacco use was measured at
baseline, and six, twelve, eighteen, and twenty-four months later. Only males were
enrolled in the BTHS because an aim of the original study was to measure predictors of
SLT use, which is much more prevalent among males than females.®> While this limited
the generalizability of our results, it did improve our ability to stably measure whether e-

cigarettes served as a gateway to SLT use, which was unstudied to our knowledge.

SA1 & SA2: Procedures

Research Design

The objective of specific aim 1 was to determine whether youth who used e-
cigarettes were at increased risk of initiating use of cigarettes or SLT (risk of initiating
cigarettes and SLT were evaluated separately; see Figure 1). Thus, a prospective study
allowing for measurement of e-cigarette use prior to the occurrence of our outcomes was

necessary. For specific aim 1, this had the following implications on our research design:

¢ The full male youth and parent cohorts were followed for two years. A limited number of participants
completed three years of follow-up, however. Some parent data from the three-year follow-up were used in
aim 2 as described later.
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1. Youth who were ever users of e-cigarettes at baseline but reported no cigarette or
SLT use at baseline were retained in all analyses and part of the exposed (i.e., e-
cigarette user) group.

2. Youth who were ever users of e-cigarettes, as well as cigarettes or SLT, at
baseline were retained in product-specific (i.e., cigarette or SLT) analyses and
were part of the exposed group if their reported age of first using e-cigarettes pre-
dated their age of first using cigarettes or SLT. They were part of the unexposed
group if their cigarette or SLT use preceded their use of e-cigarettes.

a. Youth who were ever users of e-cigarettes, as well as cigarettes or SLT, at
baseline were removed from product-specific analyses if their reported age
of first use of e-cigarettes was equal to the age that they first used
cigarettes or SLT because temporality could not be established.

3. Youth who were never users of e-cigarettes, cigarettes, or SLT at baseline were
retained in analyses as long as they did not initiate e-cigarettes and cigarettes or
SLT at the same time point. If they initiated e-cigarettes prior to cigarettes or
SLT, they were part of the exposed group. If they initiated cigarettes or SLT

before e-cigarettes, or never initiated e-cigarettes, they were part of the unexposed

group.
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Ever e-cigarette use 1) Ever or 2) current cigarette

use

v

Ever e-cigarette use 1) Ever or 2) current SLT use

v

Figure 1. Simplified model of specific aim 1 research design.?
? This figure is only intended to convey temporality of the study design. The
potential outcomes framework and propensity score model are omitted here for

brevity.

The objective of specific aim 2 was to describe how perceived neighborhood
quality at age 10 was associated with risk of initiating emerging and traditional tobacco
products. Like specific aim 1, exposure to perceived neighborhood disadvantage had to
occur prior to youths’ initiation of tobacco products to measure risk. Unlike specific aim
1, exposure data was collected retrospectively from parents by inquiring about the
perceived quality of youths’ neighborhood at age 10.

While we were unaware of any quantified measure of a parent’s ability to reliably
recall details of their child’s residential history, such as neighborhood quality, asking
parents to recall addresses of a few key points in time in their child’s life has been
completed in prior research and thus is at least feasible.?®> Although our method of
ascertaining youths’ neighborhood exposures during middle childhood is subject to
information bias, the bias would be non-differential misclassification of exposure as it
was unlikely that parents’ ability to accurately recall the quality of their child’s
neighborhood at age 10 was related to their child’s use of tobacco products.
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Instrument Development

The baseline survey used for aims 1 and 2 measured ever and current use of e-
cigarettes, hookah, cigarettes, SLT, traditional cigars, and little cigars and cigarillos (see
Appendix A for items used in this research). Youth who reported ever use of a tobacco
product at baseline were asked how old they were when they first used that product. This
survey also measured sensation seeking, delay discounting, race, alcohol use, marijuana
use, and birthdate. Follow-up surveys of male youth measured ever and current use of the
same tobacco products. Tobacco and substance use items were obtained from the
Population Assessment of Tobacco and Health Study.?*® Sensation seeking®®’ and delay

268 jtems were also obtained from validated scales.

discounting
The baseline survey for parents/guardians measured their tobacco use and highest
level of education. Parents/guardians who lived with male youth at age 10 were
additionally asked to answer questions related to the perceived quality of that
neighborhood on their 24- and 36-month follow-up surveys. Items were obtained from

269,270 social

valid and reliable scales measuring perceived neighborhood safety,
disorder,?’! physical disorder,?’! and social cohesion.?’? As items measuring residential
history and neighborhood quality were added after the 24 month survey was already in
the field, these items were also added to the 36 month survey in an attempt to collect this

information for more participants. Study enrollment occurred over an 18-month period,

so these time points overlapped for six months.
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Data Collection

Tobacco use data for specific aims 1 and 2 were collected in the same way. At
baseline and 24-months, youth completed an audio computer-assisted self-interview
(ACASI) to answer most items. For this research, the only items that were not completed
in an ACASI format were delay discounting, race, and birthdate, which were collected in
an interviewer-administered format. For the other follow-ups, youth completed telephone
surveys. Youth were instructed to only say the number associated with their response on
telephone surveys instead of their actual response to increase honesty in reporting when
other family members might be nearby. Parent participants completed paper-and-pencil
self-administered surveys at baseline, on which they reported their highest level of
education and household tobacco use. All parent follow-ups were completed via

telephone survey.

Dependent Variables

For specific aim 1, the dependent variables were binary indicators of 1) ever use
of cigarettes, 2) current use of cigarettes, 3) ever use of SLT, and 4) current use of SLT.
Ever and current use of these products could be reported at any time point from baseline
through the 24-month follow-up. To be included in analyses, however, youth must not
have initiated use of these products at the same age they initiated e-cigarettes.

For specific aim 2, the dependent variables were binary indicators of ever use of
1) emerging and 2) traditional tobacco products. Emerging tobacco products included e-

cigarettes or hookah. Traditional tobacco products included cigarettes, SLT, traditional
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cigars, or cigarillos/little cigars. Age of initiating an emerging or traditional tobacco
product was ascertained in two ways, depending on when the participant started to use
the product. At baseline, youth self-reported the age that they first tried tobacco products,
which was used as the age of tobacco initiation for participants who had initiated tobacco
prior to baseline. For youth who reported their initiation of tobacco products on a follow-
up survey, the age that they were when they took the survey was recorded as their age of
first use. For youth who initiated more than one emerging or traditional tobacco product,

the earliest age of initiation of a product in the respective category was used.

Independent Variables

For specific aim 1, we derived two binary variables to identify participants who 1)
initiated e-cigarette use without first smoking cigarettes, and 2) initiated e-cigarette use
without first initiating SLT (i.e., the exposed groups). Participants were in the unexposed
groups if they never initiated e-cigarettes, or they initiated e-cigarettes after initiating
cigarettes or SLT. As described earlier, this was based on ages of initiation as reported at
baseline, as well as initiation of product use at follow-up time points.

For specific aim 2, the independent variables of interest were perceived measures
of neighborhood quality. For these measures, we first identified all cases where two
parent/guardian participants completed the perceived neighborhood quality items. In
these cases, we randomly selected one parent’s responses for analysis. We also reverse-
scored items as necessary so that they all were scored to have the lowest numbered

response as the most negative and highest as the most positive perception of
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neighborhood quality. Next, we performed a confirmatory factor analysis (CFA) of the
perceived neighborhood quality items answered by participants’ parents to confirm that
they loaded on safety, social disorder, physical disorder, and social cohesion factors.
Model fit was assessed using the root mean square error of approximation (RMSEA),
comparative fit index (CFI), Tucker-Lewis index (TLI), and chi-square goodness of fit
test. RMSEA values of 0.06 or lower and CFI and TLI values of 0.95 or higher were a
priori criteria for good fit.?”* Due to the large sample, we were likely to reject the chi-
square goodness of fit test in the presence of even minor deviations from multivariate
normality;?’* however, results were reported for transparency. If the model fit was
rejected according to the RMSEA, CFI, or TLI, an exploratory factor analysis would be
conducted to determine if a better factor structure could be identified. After the factor
structure was confirmed, we calculated the mean value of indicators on each scale for all
participants who answered at least 30% of the items on the scale. These means were used

as the exposure variables in our models.

Preparation for Data Analysis

Prior to aim 1 and aim 2 analyses, the baseline and follow-up datasets were
inspected to identify out-of-range or implausible values of our independent and
dependent variables. Due to the open-response field and ACASI data collection at
baseline, the age of tobacco product initiation was the most likely to contain implausible
values. Entries that were larger than the participant’s age were set to missing, as were

ages of initiation below age 6. Although it was possible that a child may have initiated
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tobacco products at age 5 or younger, it was perhaps more likely that he missed the “1”
when entering his age (i.e., he meant to enter “13” and instead entered “3”’). Moreover,
given the age of participants in this study, it was unlikely that participants accurately
recalled their age of first tobacco use during very early childhood.

After cleaning the datasets, multiple imputation of tobacco use outcomes, key
predictors, and covariates was completed. Due to differences in the analytic samples
between specific aims 1 and 2, as well as differences in predictor variables and
covariates, separate multiple imputation datasets were created for each aim. Incomplete
follow-up was observed for some participants; 92.7% completed the 6-month follow-up,
85.7% completed the 12-month follow-up, 82.5% completed the 18-month follow-up,
and 73.4% completed the 24-month follow-up. Because participants were permitted to
return to the study after missing a time point, the missing data pattern was arbitrary rather
than monotonic. The imputation plan was as follows:

1. For participants who missed an earlier time point but confirmed no tobacco
initiation at a later time point, the absence of tobacco use at a later time point was
filled in to the earlier time point.

2. Participants who were ever users of tobacco products at baseline had their ever
use of the applicable products carried forward to all future time points.

3. After completing steps 1 and 2, participants who were still missing tobacco use
outcomes had ever and current use imputed by conducting multiple imputation.

The same procedure was used to impute age of initiation for participants who
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reported implausible ages of initiation at baseline, as well as missing values of

predictor variables or covariates needed for aim 1 and aim 2 analyses.

The imputation models contained variables associated with intermittent or
complete drop-out from the study, as well as variables proposed to be used in specific

aims 1 and 2;%7

as described above, distinct imputation models were used for aims 1 and
2. Baseline covariates that had missing values due to item non-response but were needed
for the analytic model were also imputed (e.g., ever alcohol and marijuana use). As most
of the variables in our imputation model were not distributed multivariate normal, we
used multiple imputation by chained equations (MICE) rather than the Markov Chain
Monte Carlo procedure, which assumes a joint multivariate normal distribution for all
variables in the imputation model. MICE, in contrast, uses a separate conditional
distribution for each variable that will be imputed.?’® Variables were imputed in order
from least- to most-missing—creating a monotonic missing pattern as the imputation
progressed. Categorical variables were imputed using logistic regression (i.e., a “1” or
“0” was imputed), and continuous variables were imputed using linear regression. A total
of 25 imputed datasets were created for aim 1 anlayses.?’”” Due to a smaller proportion of
missing data in aim 2 analyses, a total of 5 imputed datasets were created. All aim 1 and
aim 2 analyses that follow were performed on the multiply-imputed datasets and results
were combined using Rubin’s method.?”®

For specific aim 1, the two derived e-cigarette ever use variables described above

were the dependent variables in the construction of propensity scores, which were used in

the estimation of the causal effect of ever e-cigarette use on cigarette and SLT use (see
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Model 1 for our potential outcomes framework). Although observational studies, such as
the present study, generally have an unknown treatment assignment mechanism, causal
inference is still feasible when the treatment assignment is regular. This means that the
treatment assignment is individualistic (i.e., one’s treatment assignment does not depend
on others’ treatment assignments), probabilistic (i.e., treatment assignment probability is
nonzero for all participants), and unconfounded (i.e., treatment assignment is exogenous,
or does not depend on covariates). As the present study met the first two criteria of
regular treatment assignment, the propensity scores, then, were a form of dimension
reduction that served to balance the distribution of covariates that may confound the
association between e-cigarette use and cigarette or SLT use (see Model 2 for a
simplified propensity score model). In other words, the goal was to create a scenario in
which covariates were balanced by “treatment” assignment, or that “treatment” was
independent of covariates as is the case with randomized experiments. It should be noted,
however, that the propensity score cannot be used to balance unmeasured confounders

and thus we cannot assume that his method removed all sources of bias.

Model 1. Potential Outcomes Framework for Specific Aim 1
Yo =TV + (1= T)YY
Where:
o Y?°PS =the observed cigarette or SLT use outcome for participant i
e T, =ever e-cigarette use by participant i

e V! = potential outcome associated with ever e-cigarette use for participant i
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e Y = potential outcome associated with never e-cigarette use for participant i

Model 2. Simple Propensity Score Model
e(X) =P(T =1|X)
Where:
e ¢(X) = the propensity score
e T =ever e-cigarette use

e X = matrix of covariates

The propensity score model included variables that were substantively associated
with e-cigarette use and could reasonably be thought to precede initiation of e-cigarette
use. These variables included birth year, race, region (Franklin County or Appalachia),
household socioeconomic status (highest level of parental education), tobacco use by
adults in the household, sensation seeking, delay discounting, and initiation of alcohol,
marijuana, or other tobacco products prior to e-cigarettes (except for cigarettes or SLT).
After propensity scores were estimated, we proceeded with analyses as described below.

To prepare for specific aim 2’s analyses, we constructed a dataset that included
indicators of ever use of emerging and traditional tobacco products, age of first emerging
and traditional tobacco product use or censoring, indicators of perceived neighborhood

quality, and the covariates used in aim 2 analyses (described below).
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Data Analysis Plan

For aim 1, we started by calculating the absolute standardized differences (ASD)
for covariates in the propensity score model prior to conducting the propensity score
match. This established a baseline of covariate distribution imbalance by ever e-cigarette
use prior to matching. Although ASD values were calculated for this project using R,
formulas for continuous and categorical predictors are provided in Equation 1. It should
be noted from the ASD formulas that this measure evaluated distribution-level covariate
balance rather than individual-level covariate balance. As estimating the treatment effect
only requires that the mean of covariates is balanced across treatment groups, this is
acceptable (see Appendix B). Next, we visually assessed common support, or the overlap
in the distribution of propensity scores among e-cigarette users and non-users by
comparing histograms of propensity score distributions for each group. Ideal common
support plots would demonstrate enough overlap in the distribution of propensity scores
to support matching e-cigarette users to non-users across the distributions of scores; such
overlap would allow us to estimate the population average treatment effect. If there was
limited overlap, we would only be able to estimate the population average treatment
effect on treated (or control). In this case, rather than estimating the causal effect of e-
cigarette use on cigarette or SLT initiation for all participants, we would be estimating
the causal effect of e-cigarette use on cigarette or SLT initiation for e-cigarette users
only. Thus, such a check pre-match was necessary to determine what causal effect we

estimated post-match.
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After these pre-match checks, we conducted an optimal match for both of our
propensity scores using the “matchit” and “optmatch” packages in R; the distance metric
for the match was the linear propensity score. The optimal match was used because it
finds the smallest total distance in the linear propensity score among all possible pairings.
We matched two never e-cigarette users to each e-cigarette user. After matching, we
again calculated the ASD to determine whether the balance of covariates improved. 4
priori, ASD values of <10% were considered acceptable.?” If ASD values indicated a
poor post-matching distribution of covariates, we would try different matching distance
metrics, including the propensity score, Mahalanobis distance, or Euclidean distance. If
that did not achieve acceptable ASD values, we would check whether higher-order terms
may be required in our propensity score model and consider completing a 1:1 match
instead. Finally, if acceptable ASD values were still not reached, we would include the
imbalanced covariate in the analytic regression model to reduce the bias in our estimated
causal effect.

Equation 1. ASD Formulas for Continuous and Categorical Covariates

loo(fTreatment - fControl)

2 2
JSTreatment + SControl

ASD =

100 (pTreatment - pControl)

\/PT(l —Pr) ‘2|‘ pc(1 —pc)

ASD =
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After the propensity score match was complete, we ran generalized linear models
(GLMs) with a log link to test whether ever e-cigarette use increased risk of initiation of
1) ever cigarette use, 2) current cigarette use, 3) ever SLT use, and 4) current SLT use
(Model 3). Although conditional logistic regression could also be used for this analysis
and would preserve the pairing structure,?® preservation of the pairing structure is

unnecessary for valid risk ratio estimates in prospective studies with matching.?!

Model 3. Generalized Linear Model Estimating Risk of Cigarette or SLT use According
to Ever E-Cigarette Use
g(x) = By + Biecigarette
Where:
e exp(fB;) = risk ratio comparing risk of cigarette (or SLT) initiation for e-cigarette

€VEer users compared to never users.

For aim 2, Cox proportional hazards models were used to estimate the short-term
(i.e., instantaneous) risk of initiating traditional tobacco products (cigarettes, SLT, and
cigars) and emerging tobacco products (e-cigarettes and hookah).” As described above,
the time variable was participants’ age in years. Adjusted models controlled for

confounding variables identified from a directed acyclic graph (DAG), including race,

" As some participants could be considered to never be at risk of using tobacco (i.e., the prevalence of
tobacco use is not expected to ever reach 100%), cure survival analysis models were considered. However,
as the study’s follow-up was only two years, and most participants were not followed to adulthood when
one might be considered no longer at risk of tobacco initiation, the application of cure models is
inappropriate as no participants could be considered long-term “survivors” of tobacco initiation.?%?
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tobacco use by adults in the household, region, and household socioeconomic status
operationalized by parental education (Figure 2). These confounders were selected based
on substantive reasoning and model selection was not be used. As the hazard ratio is non-
collapsible, inclusion of covariates in the model that were not true confounders could

result in biased estimates.?®’

Region
Race

Perceived / . | Tobacco
neighborhood » | initiation
quality w| y

Exposure to

t

rggralfggn Parental p Adult

g education tobacco use Impulsivity
in household

Figure 2. DAG demonstrating relationships between exposure to neighborhood
disadvantage, initiation of tobacco products, and potential confounding variables®

# This DAG describes the relationships between the exposure, outcome, and covariates
that might be considered as confounders. Examination of the relationships between
variables, however, reveals that it is only necessary to control for parental education,
parental tobacco use, region, and race, as they are likely to be associated with both the

exposure and outcome variables and are not on the causal pathway or selection factors.

Average values of the perceived neighborhood quality scales as described above

(i.e., safety, social disorder, physical disorder, and cohesion) were independent predictors
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in separate Cox proportional hazards models that also included tobacco use by adults in
the household, race, region, and parental education. Predictors were included in separate
models due to multicollinearity. Average values on the perceived social and physical
disorder scales were reversed so that higher values represented more socially or
physically disordered neighborhoods; average values on the perceived safety and
cohesions scales were left as they were from the CFA, with higher values representing
safer, more cohesive neighborhoods. Cox regression was then used to model the short-
term risk of initiation of traditional and emerging tobacco products (Model 4). Because
perceived neighborhood quality data were only available for participants’ neighborhoods
at age 10, youth who initiated tobacco use prior to this age were considered left truncated.
We evaluated linearity in the log-hazard by inspecting Martingale residuals plots,
which are plots of our model’s deviations from the observed data against values of the
independent variable we are testing. If the linearity assumption for any of our
independent variables was violated, as indicated by failure of the residuals to scatter
randomly around 0, we would inspect the distribution of responses and then categorize
the predictor variable into tertiles representing low, medium, and high levels of the
variable. After the linearity checks, we checked the proportional hazards assumption for
all predictor variables and covariates by inspecting Schoenfeld residuals plots and
conducting Schoenfeld residuals tests. When a covariate violated the proportional hazards
assumption, we stratified the Cox model by that covariate. If a predictor variable violated
the proportional hazards assumption, an interaction term between that predictor and time

would be included in the model.
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The final models resulted in hazard ratios (HR) estimating the short-term risk of
emerging or traditional tobacco product initiation that was associated with parents’
perceptions of safety, social disorder, physical disorder, and cohesion in boys’

neighborhoods at age 10, controlling for covariates.

Model 4. Cox Proportional Hazards Model of Short-Term Risk of Emerging (or
Traditional) Tobacco Product Use by Perceived Neighborhood Quality at Age 10
h(t|x, B) = ho(t)exp {Biper_quality + f,par_educ + Bsadult_tobacco
+ farace_black + fsrace_other + fgregion}
Where:
e per quality = participant’s score on the perceived safety, social disorder, physical
disorder, or cohesion scale
e par educ =1 if neither parent/guardian graduated from college; = 0 otherwise
e adult tobacco =1 if at least one adult in the participant’s household was a tobacco
user; = 0 otherwise
e race black =1 if participant is black non-Hispanic; = 0 otherwise
e race other = 1 if participant is not black non-Hispanic or white non-Hispanic; = 0
otherwise

e region = 1 if Appalachia; = 0 otherwise
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SA3: Setting

The objective of specific aim 3 was to determine whether the tobacco retail
environment changed post-implementation of T21 policy. From the alcohol literature,
age-based audience segmentation of marketing practices at retailers has been used to
appeal to “starter,” or young drinkers differently from “established,” or older drinkers.?%*
This resulted in marketing sweeter drinks that masked the taste of alcohol and were
cheaper or price-discounted to younger drinkers at retailers.?®* Investigation of tobacco
marketing practices by census tract characteristics suggests that the tobacco industry also
segments marketing practices in the retail environment by age. Tobacco retailers in areas

with younger populations had lower priced tobacco products®®

and were more likely to
have promotions for menthol cigarettes.?®® Thus, it follows that retailers that are no
longer permitted to sell tobacco to younger people may change their marketing practices
to be more appealing to more established tobacco users, which could result in higher
tobacco prices and reduced availability or promotion of flavored products. Conversely, it
is also possible that retailers could respond to T21 by trying to recruit new young adult
tobacco users with low prices or promotion of flavored tobacco products.

The setting for aim 3 was retailers holding a cigarette dealer license in Columbus,
Ohio, before and after implementation of T21. Although auditing a census of retailers for
this aim would have been ideal, it was only feasible to audit 74 to 103 of them in 2014,
2016, 2017, 2018, and 2019. Retailers were sampled by stratifying Franklin County by

location and median income levels, then drawing a random sample of retailers from each

stratum.?®” Over half of sampled retailers were convenience stores or gas stations, and the
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rest were grocery stores, mass merchandisers, pharmacies, liquor stores, bars/restaurants,
and tobacco shops. The same retailers were audited each year, and replenishment samples
of retailers were drawn over time. Although Franklin County retailers outside of
Columbus, Ohio, were also audited, they were not included in the present study due to
small cell sizes and uneven enforcement of T21 across localities that had implemented

T21.

SA3: Procedures

Research Design

To determine whether the trajectories of prices, availability of flavored products,
exterior advertising, and price promotions in retailers changed after implementation of
T21, we observed the retail environment before and after implementation. As stated
above, T21 was implemented in Columbus, Ohio, in September 2017.2>* This means that
we observed retailers for a three years before (2014, 2016, and 2017) and two years after

(2018 and 2019) T21 was implemented.

Instrument Development

The instrument used for retailer audits (provided in Appendix A) was adapted
from prior work.?®® Measures included the price of the cheapest pack of cigarettes in the
store; the price of one pack of Marlboro Reds, Newport Green Full Flavor Menthols, and
one blu disposable e-cigarette; availability of menthol cigarettes and flavored

cigarillos/little cigars, SLT, and e-cigarettes (yes/no for each product); exterior
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advertisements for large cigars, hookah, and flavored and unflavored cigarettes,
cigarillos/little cigars, SLT, and e-cigarettes (yes/no for each product; collected only from
2016 to 2019); and interior and exterior price promotions for large cigars, hookah, and
flavored and unflavored cigarettes, cigarillos/little cigars, SLT, and e-cigarettes (yes/no

for each product; collected only from 2016 to 2019).

Data Collection

Undergraduate and graduate student fieldworkers were trained to collect store
audit data. Moderate-to-good inter-rater reliability was achieved at each wave prior to
collecting data (Cohen’s k > 0.5). At each wave, data were collected by pairs of
fieldworkers during daytime in late spring or summer. In 2014, data were collected on
paper-and-pencil surveys. From 2016 to 2019, data were collected using a smartphone
Qualtrics survey, allowing for more discreet data collection. Most data were collected by
visually inspecting the retailer’s exterior and interior advertisements, promotions, and
available products. The price of the cheapest pack of cigarettes, however, was collected
by asking a clerk what the cheapest pack price was in 2014, 2016, and 2019. In 2017 and
2018, field workers obtained the price of the cheapest pack of cigarettes by asking to buy

the cheapest pack of cigarettes in the store (and then purchasing it).

Dependent Variables

As we were interested in describing how the retail environment may have

changed post-implementation of T21, there were several dependent variables
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characterizing the retail environment for this aim. Continuous dependent variables
included prices of 1) the cheapest cigarette pack, 2) Marlboro Reds, 3) Newport
Menthols, and 4) blu disposable e-cigarettes. Availability of flavored tobacco products
was modeled as a categorical variable (4 flavored products sold vs. fewer). The
remaining dependent variables were modeled as counts: 1) Count of flavored and
unflavored tobacco product categories with exterior advertisements, and 2) count of
flavored and unflavored tobacco product categories with interior or exterior price

promotions.

Independent Variables

The primary independent variables were year and implementation of T21 policy
at each year (yes vs. no). Other covariates used in this analysis were retailer type and
census tract indicators that have been associated with lower tobacco prices and
availability of flavored products. Retailer type was categorized as convenience store or
gas station vs. other. For census tract indicators, we first spatially joined each retailer to a
census tract using ArcMap,?*’ then merged in census tract indicators for proportion of
households under the federal poverty level (dichotomized at > 20% vs. less, using the
U.S. Census Bureau’s definition of high-poverty areas**’), proportion of black non-
Hispanic people (dichotomized at > 25% vs. less, as in prior research examining tobacco
retailer characteristics in Ohio?®’), and proportion of people under 18-years-old
(dichotomized at the Franklin County median). These census tract indicators controlled

for other factors that may drive characteristics of the retail environment. Census tract
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characteristics came from the American Community Survey’s five-year estimates for

2013 to 2017.

Data Analysis Plan

Mixed effects models with random intercepts and an unstructured covariance
matrix were used for all dependent variables, as this method distinguishes between-
retailer and within-retailer sources of variability.?*! It also allows retailers to vary
randomly in their baseline values of dependent variables. Another benefit of mixed
models for this analysis was that they do not require the same number or timing of
observations for each retailer. This was important as it allowed us to include retailers that
were missed for one of the years, as well as retailers that were audited but were
nonetheless missing data for one or more of our dependent variables. In all models, fixed
effects included year, T21 implementation, and the census tract indicators described
above. Random intercepts modeled differences in retailers’ means from the population
average. The alpha level was set at 0.01 for all analyses to account for multiple tests and
improve interpretability of results. SAS version 9.4 was used for all analyses.>?

Linear mixed effects models were used to model the price-related dependent
variables over time (Model 5). To determine whether the trajectory of prices changed
upon implementation of T21, a product interaction term of year and T21 was included in
the model. Assumptions of the linear mixed models, including homoscedasticity and
multivariate normality of errors, were evaluated by inspecting residuals plots and

quantile-quantile plots, respectively. Violations of either assumption would be addressed

73



by transforming the dependent variable to a form that resulted in meeting model

assumptions.

Model S. Linear Mixed Effects Model for Price Analyses
E(Y;|X,b;) = Bo + Biyear; + Bytob21; + Bs(year X tob21); + B,retailer_type;
+ Bspoverty; + Berace; + [ryouth; + by;
Where:
e E(Y;|b;) = the mean price of cheapest cigarettes, Marlboro Reds, Newport
Menthols, or one blu e-cigarette' for retailer i
e year = year of data collection for retailer i
e tob21 =tobacco 21 implemented for retailer i (yes/no)
e retailer type = type of retailer for retailer i (convenience store or gas station vs.
other)
e poverty = census tract poverty level for retailer i (high vs. moderate or low)
e race = census tract percent black non-Hispanic for retailer i (high vs. moderate or
low)
e youth = census tract percent school-aged youth for retailer i (high vs. moderate or
low)

e by; =random intercept for retailer i

i Results of blu e-cigarette models are not presented in the Chapter 5 manuscript due to a large proportion
of missing data and small variability in prices. Models would not converge.
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Logistic mixed effects models were used to model the count of flavored tobacco
products available (4 vs. 3 or fewer; Model 6). A product interaction term of year and
T21 policy was used to test whether the trend in odds of 4 flavored tobacco products
being available changed after T21 was implemented. Prior to final analyses, linearity in

the logit was assessed using fractional polynomials.

Model 6. Logistic Mixed Effects Model for Availability of Flavored Products
logit {E (Y;|X, b;)}
= Bo + Bryear; + Botob21; + B3 (year X tob21); + B,retailer_type;
+ Bspoverty; + Berace; + [ryouth; + by;
Where:
o logit {E(Y;|X, b;)} = the log-odds of selling 4 vs. fewer flavored tobacco products
for retailer i
e year = year of data collection for retailer i
e tob21 =tobacco 21 implemented for retailer i (yes/no)
e retailer type = type of retailer for retailer i (convenience store or gas station vs.
other)
e poverty = census tract poverty level for retailer i (high vs. moderate or low)
e race = census tract percent black non-Hispanic for retailer i (high vs. moderate or
low)
e youth = census tract percent school-aged youth for retailer i (high vs. moderate or

low)

75



e by; =random intercept for retailer i

Poisson mixed effects models were similarly used to model the count of our
remaining dependent variables (Model 7). A product interaction term of year and T21
policy was used to determine whether the trajectory of count of advertisements for
flavored products and price promotions changed after implementation of T21. We
conducted a chi-square goodness-of-fit test after running the multivariable Poisson
models; if the p-value was less than 0.05, we concluded that the Poisson model did not fit
the data. We concluded that there was overdispersion if the Pearson chi-square statistic
divided by the degrees of freedom was much greater than 1, and that there was
underdispersion if the Pearson chi-square statistic divided by the degrees of freedom was
much less than 1. If overdispersion was present, a negative binomial mixed model was
used.?” If underdispersion was present, a Poisson mixed model with robust standard

errors was used.

Model 7. Poisson Mixed Effects Model for Advertising and Promotions Analyses
log {E(Y;|X, b;)}
= Bo + B1year; + Bytob21; + B3 (year X tob21); + B,retailer_type;
+ Bspoverty; + Berace; + [ryouth; + by;
Where:
e log {E(Y;|X,b;)} = the mean log-count of exterior advertisements or price
promotions for retailer i
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year = year of data collection for retailer i

tob21 = tobacco 21 implemented for retailer i (yes/no)

retailer type = type of retailer for retailer i/ (convenience store or gas station vs.
other)

poverty = census tract poverty level for retailer i (high vs. moderate or low)

race = census tract percent black non-Hispanic for retailer 7 (high vs. moderate or
low)

youth = census tract percent school-aged youth for retailer i (high vs. moderate or
low)

by; = random intercept for retailer i
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Chapter 3. Electronic Cigarette Use and Risk of Cigarette and Smokeless Tobacco
Initiation among Adolescent Boys: A Propensity Score Matched Analysis

Abstract

Introduction. Electronic cigarette (e-cigarette) use among adolescents is associated with
increased risk of subsequent cigarette smoking initiation in observational research.
However, the existing research was not designed to answer causal questions about
whether adolescent e-cigarette users would have initiated cigarette smoking if they had
never used e-cigarettes. The current study used a causal inference framework to identify
whether male adolescent e-cigarette users were at increased risk of initiating cigarette
smoking and smokeless tobacco (SLT) use, compared to similar boys who had never used
e-cigarettes.

Methods. Boys from urban and rural Appalachian Ohio (N=1220; ages 11-16 years at
enrollment) reported use of e-cigarettes, cigarettes, and SLT at baseline and every six
months for two years. A propensity score matched analysis, completed in 25 multiple
imputation datasets, matched one e-cigarette user to two e-cigarette non-users. Risk ratios
(RRs) comparing risk of initiating cigarettes and SLT for e-cigarette users and nonusers

were estimated.
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Results. Compared to non-users, e-cigarette users were over twice as likely to later
initiate both cigarette smoking (RR=2.71; 95% CI: 1.89, 3.87) and SLT use (RR=2.42;
95% CI:1.73, 3.38).

Conclusion. Findings extend the existing evidence that e-cigarettes increase the risk of
initiating other tobacco products and support public health interventions to decrease

adolescent e-cigarette use.

Background

In 2018, the decreasing trend in prevalence of tobacco use among adolescents that
had been observed since 2011 ended due to increases in electronic cigarette (e-cigarette)
use.>® That year, 20.8% of high school students and 4.9% of middle school students in
the U.S. reported using e-cigarettes in the past 30 days, with e-cigarettes being the most
common product used.® Though e-cigarettes may prove to be a less harmful alternative
for adults who are current tobacco users, adolescents’ use of e-cigarettes is a public
health concern. Evidence from studies of adults suggests that e-cigarette use is associated
with poor cardiovascular health outcomes,?** and studies involving adolescents have
shown that e-cigarette users have increased risk of asthma,®® symptoms of chronic
bronchitis,®” and cough.®® Because relatively few youth use nicotine-free e-cigarettes,?”>
there are also neurological consequences associated with e-cigarette use due to nicotine
exposure. Nicotine dependence can begin during adolescence as a result of e-cigarette
use,”” and a developing brain’s exposure to nicotine can affect maturation processes

related to executive function, emotion regulation, and reward processing.'!!?
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Adolescent e-cigarette use is also associated with subsequent initiation of
cigarette smoking.” Several recent longitudinal studies have identified that non-smoking
youth who had used e-cigarettes at baseline were more likely than other youth to start
smoking cigarettes at follow-up.’ Such associations were found regardless of whether the
exposure was ever use! 0134157296297 (j e “having puffed an e-cigarette, even once or
twice) or past 30-day use.!08:153:155.296.298 A meta-analysis of nine longitudinal studies
identified that ever use of e-cigarettes at baseline increased the odds of ever cigarette use
at follow-up (pooled odds ratio [OR] = 3.62; 95% confidence interval [CI]: 2.42, 5.41).”
Past 30-day e-cigarette use at baseline similarly increased odds of past 30-day cigarette
use at follow-up (pooled OR = 4.28; 95% CI: 2.52, 7.27).” To our knowledge, only one
study measured the association between e-cigarette use and subsequent initiation of other
tobacco products.'® This study identified that baseline e-cigarette use was associated
with increased odds of initiating hookah, cigars, and pipes one year later.!®® However,
we are aware of no research that has evaluated whether e-cigarette use is associated with
risk of initiating tobacco products that are not inhaled, like SLT.

A critique of the argument that e-cigarettes increase the risk of cigarette smoking
initiation is that adolescents who progressed to cigarette smoking after using e-cigarettes
might have started using cigarettes anyway.? In other words, these youth may have a
“common liability” for tobacco use, which drives the observed associations.?**% This
argument is worth consideration due to the overlap in some risk factors for e-cigarette use
and cigarette smoking, including use of other substances,'>® impulsivity, older age, male

sex, and peer and family tobacco use.® However, other research has identified divergent
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risk factors for e-cigarette use and cigarette smoking. E-cigarette users tend to have less
severe mental health symptoms than cigarette smokers,” and the association between e-
cigarette use and subsequent cigarette smoking appears to be strongest among
adolescents who were otherwise at low risk of cigarette smoking.!?137-27 Other studies
have assessed whether the association between e-cigarette use and cigarette smoking is
bi-directional (e.g., cigarette use increases risk of later e-cigarette initiation), which
would suggest that e-cigarette users and cigarette smokers share common liability for
tobacco use; however, findings have been mixed.!>*1%

In addition to the possibility of a common liability for tobacco use driving the
association between e-cigarette use and cigarette smoking among adolescents, existing
studies are limited by relatively short follow-ups periods (with a few exceptions!?%153:15%),
which may not be enough time to observe the extent of the transition from e-cigarette use
to cigarette smoking initiation. Another limitation, due to the observational, longitudinal
design necessary to answer this research question, is that studies experience attrition that
is often related to risk factors for tobacco use. Though a few studies addressed item or
unit nonresponse using maximum likelihood estimation, weighting, or multiple

imputation153’1 55,296

most conducted a complete case analysis. Finally, the existing
research in this area was not designed to answer the causal question of whether
adolescents who started smoking cigarettes after they had used e-cigarettes would have
done so anyway. Although a randomized experiment would be the optimal way to

address this causal question, ethically it cannot be conducted. However, causal inference

methods such as propensity score analysis (matched or inverse probability of treatment
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weighting) can be used in observational research to better mimic random treatment

assignment.

Theoretical Framework

The theoretical framework for the current study is the social ecological model,
which describes how factors at the individual-, interpersonal-, community-, and policy
levels influence health behaviors.'® Many of the risk factors for e-cigarette use that were
described above (e.g., impulsivity, age, and sex) occur at the individual level. Peer and
family tobacco use are risk factors at the interpersonal level. Community-level risk
factors for e-cigarette use may include urbanicity or rurality, neighborhood quality,'* and
exposure to e-cigarette advertising.°!32 At the policy level, flavor bans or T21 policy
could reduce adolescent risk of e-cigarette initiation.>*?** An important feature of the
model is that it allows factors across multiple levels to individually and jointly affect
behavior. In the current study, we used observed risk factors across multiple levels to
estimate each participant’s risk of being an e-cigarette user. Ultimately, although we
could not include policy-level risk factors for estimation of propensity scores, results

could have policy implications.

Aim
The goal of the current study was to determine whether e-cigarette use is causally
related to ever and past 30-day cigarette or SLT initiation in a cohort of adolescent males.

Due to the possibility that a common liability for tobacco use drives the observed
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associations between e-cigarette use and cigarette smoking in the existing longitudinal
research, we used propensity score matching to create an analytic sample of exposed (i.e.,
e-cigarette users) and unexposed (i.e., e-cigarette never users) participants who were
balanced on risk factors for e-cigarette use. Then, we followed these cohorts
prospectively to measure whether risk of cigarette or SLT initiation differed between
groups. In addition to the causal approach, we aimed to strengthen the literature by
following participants for longer than existing research and using multiple imputation to

address missingness due to study attrition.

Methods

Design

Participants were enrolled into the Buckeye Teen Health Study from January
2015 through June 2016 and completed surveys every six months for two years. All
participants were 11- to 16-years-old at baseline and male, as an aim of the parent study
was to measure predictors of SLT use (which is more prevalent among males).> At
baseline, participants lived in urban Franklin County, Ohio (N=708) or one of nine rural
Appalachian Ohio counties (N=512); participants who moved out of a study county
during the study were eligible to continue participation. Male youth were 14 years old on
average at study enrollment and 69.2% were non-Hispanic white. Additional details
about the cohort’s demographics can be found elsewhere.>**%* A majority of participants

were recruited using address-based probability sampling (N=991), and the remainder
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were recruited using convenience sampling methods (N=229), including newspaper
advertisements, recruitment at community events, and flyers posted in the community.
Only one male youth was eligible to participate in each household. Up to two parents or

guardians (hereafter referred to as parents) could enroll in the study.

Procedures

The Ohio State University’s Institutional Review Board approved all study
procedures. Male youth provided assent, and their parents provided permission to enroll
in the study. Boys who turned 18-years-old during the study period were re-consented to
the study as adults. Parents who enrolled in the study provided informed consent.

The baseline and two-year follow-up sessions were completed in person at
participants’ homes or a mutually agreed-upon public location. Sensitive items (e.g.,
substance use) were administered via audio computer-assisted self-interviewing
(ACASI), and the remaining items were interviewer administered. When permitted, youth
were separated from their families when completing the ACASI portion of the
questionnaire. The six-, twelve-, and eighteen-month follow-up surveys were
administered over the phone. For sensitive items, youth were instructed to say the number
associated with their response rather than stating their full response to protect their
privacy (e.g., answering “B” instead of “menthol”).

Parents completed a self-administered survey at baseline to provide additional

information about the family’s socioeconomic status and tobacco use in the home.
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Measures

Dependent variables. Cigarette and SLT use were assessed at each survey using
items from the Population Assessment of Tobacco and Health (PATH) study.?%
Participants were classified as ever cigarette smokers if they answered “yes” to the
question: “Have you ever tried cigarette smoking, even one or two puffs?” They were
classified as past 30-day cigarette smokers if the last time they smoked a cigarette, even
one or two puffs, was in the past 30 days. Similarly, participants were classified as ever
SLT users if they selected “yes” for: 1) snus pouches; or 2) loose snus, moist snuff, dip,
spit, or chewing tobacco in response to the following question: “Have you ever used any
of the following smokeless tobacco products, even one or two times?” They were
classified as past 30-day SLT users if the last time they used snus or any other SLT

product was in the past 30 days. Participants self-reported their age of first using

cigarettes or SLT if they had ever used the product at baseline.

Independent variables. E-cigarette use was assessed at each survey using PATH
items.?%® Participants were classified as ever e-cigarette users if they answered “yes” to
the question: “Have you ever used an e-cigarette, such as Smoking Everywhere, NJOY,
Blu, or Vapor King, even one or two times?”” (These were popular e-cigarette brands at
the time of data collection.) Participants self-reported their age of first using e-cigarettes

if they had ever used them at baseline.
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Covariates. Covariates used in the propensity score model (described below)
included variables that were associated with e-cigarette use in the literature and could
reasonably be assumed to precede initiation of e-cigarette use. These variables included

) 298
2

birth year,?”® race (dichotomized to white non-Hispanic vs. other),?’® region (urban vs.

Appalachian), parental education (college degree vs. less), living with at least one adult

267 [Cronbach’s

tobacco user (yes vs. no),® impulsivity® (mean sensation seeking score
a=0.70] and the natural log of delay discounting®®® k-score), and substance use that was
initiated prior to e-cigarette use (other tobacco products, marijuana, and alcohol).!>>>%
Baseline values of all sociodemographic and impulsivity measures were used in the
propensity score models, as these were expected to be relatively stable. For substance
use, all waves of data were used, when available, to determine whether the substance
initiation occurred prior to e-cigarette use; tobacco use was assessed at each wave,
marijuana use was assessed at baseline, and alcohol use was assessed at baseline and the
12-month follow-up.

Susceptibility to using tobacco products was also used in the imputation models
and was measured at baseline and the 12-month follow-up. Susceptibility was assessed

for each product by asking participants whether they would smoke/use the tobacco

product soon and whether they would smoke/use the tobacco product if offered by a

29 ¢ 29 ¢

friend. Response options included “definitely yes,” “probably yes,” “probably not,” and
“definitely not.” Any response other than “definitely not” to either item was coded as
being susceptible to using the product. Results were combined across products to

determine whether each participant was susceptible to any tobacco product (yes/no).
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Male youth reported all covariate values except for region (assessed upon
sampling), parental education, and tobacco use by adults in the household (both parent-

reported).

Statistical Analyses

A sequence of statistical methods implemented during analysis is provided in
Figure 3.

Missing data. There was a small proportion of item non-response for tobacco use
and sociodemographic items (<5%). These values were imputed using hot deck single
imputation prior to the current study; see the Aim 1 Appendix for additional details. Item
non-response was also observed for baseline alcohol use, marijuana use, and impulsivity
measures (<9%). Moreover, item non-response and implausible values were observed for
self-reported age of first using substances at baseline (e.g., reporting first using e-
cigarettes at age 3). As hot deck single imputation had not already been performed, these
missing values were imputed using multiple imputation by chained equations (MICE;
imputation procedures described in detail below and in Aim 1 Appendix). Twenty-five
multiple imputation datasets were created.

Unit nonresponse was a larger issue, especially as the study progressed. Retention
was 92.7% at 6 months, 85.7% at 12 months, 82.5% at 18 months, and 73.4% at 24
months. Additional information about the missingness pattern and mechanism is provided
in the Aim 1 Appendix. Missing data as a result of unit nonresponse were handled in

three ways. First, in cases where non-use of a tobacco product or substance was reported
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at a survey wave that came after the missing wave, this non-use was used to fill in the
missing wave (e.g., a participant who said he had never used e-cigarettes on the 18-month
survey but missed the 12-month survey would be re-coded to be a non-user at the 12-
month time point). Second, ever use of a substance at an early wave was used to fill in
ever use of the same product on later, unobserved waves. Third, MICE was completed to
impute values that remained missing; 25 datasets were created. Multiple imputation was
implemented for ever use of e-cigarettes, cigarettes, SLT, other tobacco products,
alcohol, and marijuana across study waves. Current use of e-cigarettes, cigarettes, and
SLT were also imputed for all waves, conditional on participants being an ever user of
each respective product at each wave.

Propensity score estimation and matching, and all statistical analyses, were
completed in the 25 imputed datasets. Results were combined following Rubin’s

method.?”®

Propensity score model and matching. Prior to the estimation of propensity
scores, participants were classified into one of two exposure groups, which represented
the dependent variable in the propensity score model: e-cigarette ever users and e-
cigarette never users. Because we were estimating whether e-cigarette use increased the
risk of initiating cigarette smoking and SLT use, e-cigarette use had to precede initiation
of cigarettes or SLT for one to be included in the exposed group. Thus, the e-cigarette
users group included participants who reported e-cigarette use when they had not already

initiated cigarette smoking (for the cigarette incidence models) or SLT use (for the SLT
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incidence models); participants who had initiated both e-cigarettes and cigarettes/SLT at
baseline were classified as e-cigarette users if their self-reported age of first using e-
cigarettes was younger than that of cigarettes/SLT. The e-cigarette non-users group
included participants who never reported e-cigarette use or reported e-cigarette initiation
after they had already begun using cigarettes/SLT. Participants who initiated e-cigarettes
and cigarettes/SLT at the same age or survey wave were excluded from analyses and not
assigned propensity scores, as temporality of product initiation could not be established.

Multivariable logistic regression models including the covariates described above
were used to estimate the probability of each participant being an e-cigarette user (e.g.,
their propensity score). All time points were used to ascertain e-cigarette, cigarette, and
SLT use. In other words, participants who had initiated e-cigarettes any time through the
18-month follow-up were classified as e-cigarette users as long as they did not initiate use
of cigarettes or SLT first. Although propensity scores were estimated in the same way for
cigarette and SLT analyses, participants were assigned separate propensity scores for
cigarette and SLT analyses due to the possibility that they would be classified into
different exposure groups as a result of the temporality of their product use.

After propensity scores were estimated, common support was visually assessed by
inspecting histograms of propensity scores, stratified by e-cigarette user status. This was
done to ensure that there would be an adequate count of e-cigarette non-users to match to
e-cigarette users. Next, pre-match absolute standardized differences (ASDs) were
calculated to determine the extent of imbalance for each covariate according to e-

cigarette user status prior to matching. The propensity score match was then completed,
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with each e-cigarette user being matched to two e-cigarette non-users. An optimal
matching algorithm and linear propensity score distance were used to complete the
match. After the match was completed, ASDs for each covariate were again calculated,
stratified by e-cigarette user status. A priori, post-match ASD values <0.10 for all
covariates indicated an acceptable match.?’”® Propensity score estimation and matching
were completed using RStudio version 1.1.383.3% The packages “Matchlt” and

“optmatch” were used for the propensity score match.

Statistical analysis. Generalized linear models with log links were used to
estimate risk ratios (RRs) comparing the risk of: 1) ever cigarette use; 2) past 30-day
cigarette use; 3) ever SLT use; and 4) past 30-day SLT use according to e-cigarette user
group. Because the dependent variables were initiation of cigarettes or SLT at any age or
survey wave, we did not do a repeated measures analysis. Models were run in the 25
matched datasets; participants who were not matched were excluded from all analyses
(analytic sample sizes are reported in the Results section). Any covariate that remained
imbalanced after the propensity score match, as indicated by an ASD value > 0.1, would
be included in the final models to control for residual confounding. An alpha value of
0.05 was used to assess statistical significance. Statistical analyses were completed using

SAS version 9.4.2?
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Sensitivity Analysis

We conducted a complete case analysis using participants who were compliant at
all five time points and were not missing data for variables in the propensity score model.
A 1:2 propensity score match was also completed in this dataset and generalized linear
models with log links were used to estimate RRs as in the analysis using multiple

imputation.

Results

The analytic sample size across the imputed datasets after the propensity score
match ranged from 348 to 387 for cigarette incidence analyses (N=116 to 129 e-cigarette
users; N=101 to 126 initiated cigarette ever use) and from 435 to 486 for SLT incidence
analyses (N=145 to 162 e-cigarette users; N=108 to 131 initiated SLT ever use). The
difference in sample sizes between cigarette and SLT analyses was due to more
participants initiating e-cigarettes and cigarettes at the same age and therefore being
removed from the analysis.

Pre-match, there was sufficient common support in propensity scores by e-
cigarette user group (Figure 4), and thus all e-cigarette users in each dataset were able to
be matched to two e-cigarette non-users. Pre-match, there was notable imbalance in the
distribution of several covariates between e-cigarette users and non-users: use of other
tobacco products, use of marijuana, sensation seeking mean score, and birth year

according to e-cigarette use (all ASD values > 0.2; Table 1). Post-match, acceptable
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covariate balance was achieved in both the cigarette and SLT incidence analytic samples
(Table 2).

Although covariates were well balanced by e-cigarette use, there were some
differences in characteristics of the final analytic samples for cigarette and SLT incidence
analyses (Table 2). For example, the proportion of participants living in Appalachia was
greater in the cigarette incidence analytic sample. The proportions of participants who
were of minority race/ethnicity, marijuana users, and other tobacco product users were

higher in the SLT incidence analytic sample.

Risk of Cigarette and SLT Initiation

Compared to male youth who never used e-cigarettes, those who used e-cigarettes
were more than twice as likely to subsequently initiate ever cigarette smoking (RR=2.71;
95% confidence interval [CI]: 1.89, 3.87) and ever SLT use (RR=2.42; 95% CI: 1.73,
3.38; Figure 5). Moreover, they were at increased risk of becoming past 30-day cigarette

smokers (RR=2.20; 95% CI: 1.33, 3.64) and SLT users (RR=1.64; 95% CI: 1.01, 2.64).

Complete Case Analyses

All e-cigarette users were able to be matched to two non-users in the complete
case analyses. The total sample size was 135 in cigarette incidence analyses and 156 in
SLT incidence analyses. Acceptable balance was achieved for all covariates (results not
shown), with the exception of living with an adult tobacco user in the cigarette incidence
analytic dataset (ASD=0.12) and natural log of K-score in the SLT incidence analytic

dataset (ASD=0.11). Because these values were close to the a priori ASD cut-off of 0.10,
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and to more directly compare results between the complete case analyses and imputed
analyses, these covariates were not included in the final models.

Compared to the results from the imputed analyses, point estimates for all
complete case analyses were attenuated toward the null (Table 3). This, combined with

the reduced power driven by study attrition, led to no statistically significant findings.

Discussion

E-cigarette use increased the risk of initiating both cigarettes and SLT in a cohort
of adolescent boys who were balanced on risk factors for e-cigarette use. Additionally, e-
cigarette use increased the risk of having smoked cigarettes or using SLT in the past 30
days, which indicates more regular tobacco use among adolescents. We therefore add to
the growing literature that has demonstrated that e-cigarette use increases the risk of
using other tobacco products among adolescents in the U.S.

A causal link between e-cigarette use and onset of cigarette smoking or SLT use
is plausible physiologically and behaviorally. Physiologically, nicotine addiction and
dependence as a result of exposure to nicotine in e-cigarette liquid is a mechanism
through which e-cigarette use could plausibly lead to cigarette smoking and SLT use.”
This assertion is supported by evidence that use of other tobacco products has also been
associated with onset of cigarette smoking among adolescents, including hookah, other
non-cigarette combustible tobacco products, and SLT.?’® Behaviorally, the actions
involved in vaping e-cigarettes are similar to those involved in smoking cigarettes. Thus,

hand-to-mouth movement, puffing, and inhalation/exhalation habits can be established
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among e-cigarette users, even in the absence of nicotine, due to consistent repetition of
these behaviors that becomes automatic.>*® Moreover, the establishment of these
behaviors could lead to more positive expectancies related to cigarette smoking, which
mediates the association between e-cigarette use and cigarette smoking onset.>"’

Our findings that e-cigarette-using adolescents, who were otherwise similar to e-
cigarette non-users, were more likely to progress to cigarette smoking and SLT use have
serious public health implications. First, in addition to the respiratory health
consequences of vaping among youth,*”*" there is emerging evidence that e-cigarette use
is associated with poor cardiovascular health among adults.>®® Second, youth who
become addicted to nicotine will have to deal with the chronic condition of addiction.*?
Finally, the U.S. has made steady progress in reducing the prevalence of cigarette and
SLT use among adolescents since 2011.> The health consequences of using both products
have been well established for decades, and cigarettes remain the leading preventable

cause of death in the U.S.! If e-cigarettes do in fact lead more adolescents to using these

harmful tobacco products, the burden of tobacco on the public’s health will remain high.

Strengths and Limitations

One strength of the current study was the use of multiple imputation to address
attrition, which retained adolescents at high risk of tobacco use in the analyses. The
complete case analyses demonstrated that excluding these participants biased the
estimated RRs toward the null. This bias likely occurred because baseline ever and

current tobacco use, as well as predictors of tobacco use among adolescents like
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substance use and living with an adult tobacco user,®!>

were strongly associated with
study attrition. In other words, our sample after study attrition was at much lower risk of
tobacco use overall, and therefore the e-cigarette users who remained in the study likely
had a lower probability of transitioning to using a second tobacco product than those who
dropped out. Moreover, the sample size was much smaller, resulting in reduced power to
detect differences in risk of cigarette/SLT initiation by e-cigarette exposure group.

A second strength of our study was the use of a propensity score matched analysis
to estimate risk of cigarette and SLT initiation by e-cigarette exposure group, which
enabled us to demonstrate that the transitions from e-cigarette use to cigarette and SLT
use were not solely the result of a common liability for using tobacco products. A third
strength was our large pre-match sample size, which supported our ability to match every
e-cigarette user to two non-users in all 25 imputed datasets and achieve good post-match
covariate balance. A fourth strength was the longitudinal study design, which collected
data every six months from participants for two years, and additionally allowed us to
retrospectively evaluate whether youth who entered the study as dual users of e-cigarettes
and cigarettes/SLT had used e-cigarettes first. This allowed us to keep higher risk youth
who initiated tobacco use at earlier ages in the analysis.

There were also several limitations of the current study, which can be addressed
in future work to strengthen the evidence base on this topic. The first limitation was that
girls were excluded because the objective of the parent study was to examine SLT use,
which is more prevalent among adolescent males.? Given differences in the prevalence of

3,111

and risk factors for tobacco use according to sex, we cannot assume the same results
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would be found among girls. The second limitation was that our participants were
sampled from Ohio, and so results might not generalize to male youth in the rest of the
U.S. A third limitation was coarseness of measuring age of product use, which resulted in
excluding some e-cigarette users from analyses due to our inability to establish
temporality of product use. Given the rapid transitions between products that can occur
among adolescent tobacco users,>!? future work with more frequent follow-ups would be
useful.

A fourth limitation was that we could not include every important predictor of e-
cigarette use in the propensity score model. Notably, we could not include peer use of
tobacco or mental health symptoms in the propensity score model because we could not
discern whether those exposures were prior to e-cigarette use for participants who entered
the study as e-cigarette users. For other exposures in our propensity score model (i.e.,
region, parental education, tobacco use by adults in the household, and impulsivity) we
had to assume that the values of these variables were the same as they were prior to the
participant’s initiation of e-cigarette use. For region, the urban vs. Appalachian status was
also a coarse measurement, as the Appalachian region has heterogeneity in urbanicity and
rurality, as well as risk factors for tobacco use like area socioeconomic status.'*
Relatedly, the propensity score analysis only balanced observed covariates, and thus
unmeasured confounding remained a potential source of bias.

A fifth limitation was that, because we were restricted to using ever e-cigarette
use as the exposure variable (because we only knew the age that participants became ever

users), we were unable to conduct detailed analyses that would have more direct policy
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implications. For example, preference for flavored e-cigarettes among adolescents has
been associated with more frequent e-cigarette use’!! and cigarette smoking

312 among adolescents. Because we did not ascertain the age that

susceptibility
participants used the e-cigarette flavors they had tried, and therefore could not determine
whether flavored e-cigarette use preceded cigarette or SLT use among dual users, we
were unable to examine whether e-cigarette flavor preferences increased risk of cigarette
or SLT use. Findings of such research could be used to justify banning flavors of e-
cigarettes to prevent tobacco use among youth. Similarly, although participants reported
where they acquired tobacco products (e.g., from a retailer, from a friend or family
member, online, etc.), these measures were only obtained from past 30-day tobacco users

rather than all users of each product. In future work, knowledge of where participants

obtained their tobacco products could be used to support T21 policy implementation.

Conclusion

This study identified that e-cigarette use increased the risk of ever and past 30-day
cigarette smoking and SLT use initiation among adolescent boys. E-cigarettes pose a
public health threat, not only due to the health risks associated with their use, but also
because they may lead more adolescents to using cigarettes and SLT. Future work that
uses a causal framework to evaluate transitions into established tobacco use in adulthood

1s warranted.
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Tables and Figures

Missing Data
e Hot deck single imputation to address item nonresponse
e Use observed longitudinal data to fill in values for unit nonresponse
e Multiple imputation by chained equations to address remaining item and unit
nonresponse; creates 25 imputed datasets

Propensity Score Match
Estimate propensity scores
Assess common support of propensity scores by e-cigarette user group
Complete 1:2 match in 25 imputed datasets
Assess post-match covariate balance

Statistical Analysis
e (Generalized linear models with log links in 25 matched datasets
e (Combine results using Rubin’s method

Figure 3. Sequence of statistical method implementation
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Table 1. Pre-Match ASD Values Across 25 Imputed Datasets?

Cigarette incidence SLT incidence
analyses analyses

Region 0.08 0.15
Birth year 0.70 0.73
Adult tobacco user in household 0.19 0.16
Parental education 0.02 0.14
Race/ethnicity 0.10 0.18
Sensation seeking score 0.71 0.70
Natural log of K-score 0.11 0.04
Alcohol use 0.08 0.12
Marijuana use 0.05 0.31
Other tobacco use 0.18 0.51

Abbreviations: ASD=Absolute standardized difference

 Data were collected from adolescent males in urban and Appalachian Ohio. Hot deck
single imputation and multiple imputation by chained equations were used to impute
missing data due to item and unit nonresponse. ASD values reported in this table were
first calculated individually within each of the 25 imputed datasets, and then were
averaged across the datasets.
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Table 2. Characteristics of Ohio adolescent boys included in propensity score matched
analysis, 2015-2018*

Cigarette incidence

analyses SLT incidence analyses
E- E- E- E-
cigarette cigarette Post- cigarette cigarette Post-
ever never match  ever never  match
users users  ASD users users ASD

Appalachian region (%) 45.2 45.2 0.03 353 37.8 0.05

Birth year (mean) 2000.4 2000.4 0.03 20004 20004 0.03

Adult tobacco user in ~ 39.7 38.3 0.05 38.0 37.1 0.03
household (%)

Parent graduated college (%) 54.4 54.4 0.04 48.1 49.8 0.04

Minority race/ethnicity (%) 20.0 20.4 0.03 30.8 29.0 0.04

Sensation seeking score  3.37 3.35 0.03 3.35 3.31 0.04
(mean)

Natural log of K-score (mean) -4.03 -4.04 0.05 -4.12 -4.14 0.03

Alcohol use (%) 23.7 23.1 0.04 25.4 26.0 0.03

Marijuana use (%) 7.3 8.1 0.04 16.3 13.6 0.08

Other tobacco use (%) 20.8 20.7 0.03 33.4 28.8 0.09

Abbreviations: ASD=Absolute standardized difference

 Data were collected from adolescent males in urban and Appalachian Ohio. Hot deck
single imputation and multiple imputation by chained equations were used to impute
missing data due to item and unit nonresponse. Summary statistics and ASD values
reported in this table were first calculated individually within each of the 25 imputed
datasets, and then were averaged across the datasets. Due to rounding of descriptive
statistics, some ASD values are greater than 0 when there appears to be no difference in
balance of covariates.
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Table 3. Risk of cigarette and SLT initiation for e-cigarette users compared to non-users
estimated from a propensity score matched, complete case analysis, Ohio, 2015-2018?

Incident Cigarette Smoking Incident SLT Use

Ever use Past 30-day use Ever use Past 30-day use

RR  95%CI  RR 95%CI RR 95%CI RR 95%CI

E-cigarette
use
Never Ref Ref Ref Ref
Ever 2.22 0.90,547 125 041,3.82 1.67 0.72,3.86 1.56 0.58,4.18

Abbreviations: RR=Risk ratio; CI=confidence interval

 Data were collected from adolescent males in urban and Appalachian Ohio. RRs and
standard errors for confidence intervals were estimated following propensity score
matching using a generalized linear model with a log link.
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Figure 4. Assessment of Common Support in First Imputed Dataset?

# Common support histograms were consistent across imputed datasets.
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Figure 5. Risk of cigarette and SLT initiation for e-cigarette users compared to non-users
estimated from a propensity score matched analysis in 25 imputed datasets, Ohio, 2015-
2018?

 Data were collected from adolescent males in urban and Appalachian Ohio. Hot deck
single imputation and multiple imputation by chained equations were used to impute
missing data due to item and unit nonresponse. RRs were estimated following propensity
score matching in 25 imputed datasets using a generalized linear model with a log link.
RRs and standard errors used to calculate confidence intervals across the 25 imputed
datasets were obtained using Rubin’s method.?”8
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Supplementary Material

Aim 1 Appendix: Missing Data and Imputation Procedures

Item nonresponse. For the hot deck single imputation of missing baseline items,
participants were stratified by age at enrollment (11-12, 13-14, and 15-16 years), region,
and household adult tobacco use. This imputation was done prior to the current study, and
imputed values were left to be consistent with prior work. Hot deck single imputation
was completed using SAS version 9.4.2%2

For the multiple imputation of missing baseline items, logistic regression models
were used to impute substance use variables, and linear regression models were used to
impute the impulsivity measures and ages of first using tobacco products.

Unit nonresponse. Participants were not removed from the study due to missing a
survey wave, and thus the missing data pattern was not monotonic. Study attrition was
associated with several observed covariates, including non-white race, lower parental
education, living with an adult tobacco user, Appalachian region, alcohol use, marijuana
use, and any tobacco product use. Because of this, we assumed unit nonresponse was
missing at random (i.e., missingness was associated with observed rather than unobserved
variables).

To be consistent with the analytic model, the imputation model included all
covariates used in the propensity score model.?”> Susceptibility to using tobacco products
was also added to the imputation model due to its association with initiating tobacco
use.?”® Logistic regression models were used for the imputation, and 25 datasets were

created. MICE was completed using Stata version 14.2.3'3
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Chapter 4. Perceived Neighborhood Quality and Risk of Tobacco Use Among Adolescent
Boys: A Longitudinal Study

Abstract

Introduction. As the prevalence of traditional tobacco product (e.g., cigarettes, cigars,
and smokeless tobacco) use continues to decrease among adolescents in the United
States, the prevalence emerging tobacco product (i.e., e-cigarettes and hookah) use has
increased. Most of the investigation into risk factors for using traditional and emerging
tobacco products has occurred at the individual and interpersonal levels of influence.
Applying the social ecological model framework, the current study includes the
neighborhood-level and evaluates the effects of four measures of perceived neighborhood
quality (i.e., safety, social disorder, physical disorder, and cohesion) on adolescents’ risk
of initiating traditional and emerging tobacco products.

Methods. Adolescent boys (11-to 16-years-old; N=1220) and their parents from urban
and Appalachian Ohio enrolled in a longitudinal study in 2015 and 2016. Boys reported
ever use of traditional and emerging tobacco products at baseline (including the age they
initiated use of each product) and every six months for two years. Parents reported the
perceived quality of the neighborhood boys lived in when they were 10 years old. Cox

proportional hazards regression modeled the risk of initiating ever use of traditional and
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emerging tobacco products from age 10 through the end of adolescence, controlling for
race, parental education, tobacco use by adults in the household, and region.

Results. Measures of perceived neighborhood quality were obtained for N=542 boys.
Among these boys, parents’ perceptions of neighborhood physical disorder at age 10
(e.g., presence of litter, graffiti, and vacant buildings) was associated with increased risk
of initiating traditional tobacco products throughout adolescence (hazard ratio =2.01;
95% confidence interval: 1.09, 3.79). No other measures of perceived neighborhood
quality were associated with initiating traditional or emerging tobacco product use.
Conclusion. Living in a more physically disordered neighborhood during middle
childhood increased adolescent boys’ risk of initiating traditional tobacco products. This
study’s findings were limited by the large amount of attrition of parent participants,
which reduced our power and resulted in a cohort that was at reduced risk of tobacco use
overall. Results suggest that interventions and policies that target youth living in more
physically disordered neighborhoods may reduce their risk of initiating traditional

tobacco products.

Background

Over the past few years, the tobacco products used by adolescents in the United
States (U.S.) have changed rapidly. While the prevalence of cigarette, cigar, and
smokeless tobacco (SLT) use among high school students has declined from 2011 to
2018, the prevalence of electronic cigarette (e-cigarette) use increased from 1.5% to

20.8%, and the prevalence of hookah smoking remained fairly stable after spiking in
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2014.3% The pattern was similar for middle school students, although the prevalence of
hookah smoking increased from 2011 to 2018.*¢ Thus, progress is being made toward
reducing the use of traditional tobacco products (i.e., cigarettes, cigars, and SLT) among
adolescents in the U.S. at the same time that use of emerging tobacco products (i.e., e-
cigarettes and hookah, which has been historically used in other cultures but is new to the
U.S. marketplace) has increased.

Use of any tobacco product by adolescents has health consequences. Symptoms of
nicotine dependence begin to emerge even at low levels of tobacco use,?* and use of
cigarettes, SLT, e-cigarettes, and hookah have been associated with onset of nicotine
dependence symptoms during adolescence.”’ ™ Importantly, early age of initiation has
been associated with increased symptoms of nicotine dependence.”* Exposure to nicotine
during adolescence can adversely affect the functioning of nicotinic acetylcholine
receptors in the developing brain, which are involved in emotional regulation, executive
function, and reward processing.!! Alterations to adolescent brain development, in turn,
may be associated with the increased risk of depression and anxiety that have been

reported among adolescent tobacco users.’? Use of cigarettes and e-cigarettes has also

14,87 56,314

been associated with adverse respiratory symptoms and asthma among
adolescents.

The social ecological model, a framework describing how multiple levels of
influence affect health behaviors, can be used to describe adolescents’ risk of tobacco

use.'¢ Under this framework, risk factors for use of emerging and traditional tobacco

products occur at the individual, interpersonal, neighborhood, and policy levels of
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influence. Regarding individual- and interpersonal-level risk factors, older age (within

108,109 144,315

adolescence),’ male sex, other substance use, and peer and family use of

8,171 5

tobacco increase risk of using both emerging and traditional tobacco products.

Moreover, lower parental education, a proxy for lower socioeconomic status (SES), has

been associated with risk of cigarette smoking among adolescents,!!*12!

although studies
of its association with use of emerging tobacco products have had inconsistent
findings.”*!1%123 Race/ethnicity is another individual-level factor that appears to have
different associations with use of traditional vs. emerging tobacco products among
adolescents in the US. For example, e-cigarettes were the most-used tobacco product
among white non-Hispanic and Hispanic high school students in 2017 and 2018.3° Those
same years, cigars were the most-used tobacco product among black non-Hispanic high
school students.>$

Neighborhood-level risk factors can be examined using objective measures (e.g.,
census tract indicators of SES) or perceived measures (e.g., self-reported disorder and
cohesion) of neighborhood quality. Regarding the objective measures, studies of their
association with tobacco use among adolescents have had mixed results. Some studies
have concluded that adolescents who live in socioeconomically disadvantaged census

104,211,212 while others have found the

tracts are not at increased risk of using tobacco,
opposite.?®?!3 Regarding studies of the effect of perceived neighborhood quality on
tobacco use, higher levels of neighborhood disorganization and lower levels of

neighborhood cohesion have been associated with higher odds of cigarette and e-cigarette

use among youth.!* Additionally, adolescents who lived in neighborhoods that their
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parents perceived to be low quality were more likely to be regular cigarette smokers than
other adolescents.'® At least one study, however, concluded that adolescents who lived
in adult-perceived lower quality neighborhoods were not more likely to use tobacco.?!!
The existing literature into the effects of neighborhood quality on adolescent
tobacco use outcomes is limited in that: 1) prevalent rather than incident tobacco use is
typically modeled, and 2) most research has only focused on cigarette smoking. The
former is a limitation because it prevents examining more nuanced questions, such as
whether certain neighborhood characteristics are associated with earlier initiation of
tobacco products. This question is important because earlier use of nicotine products
results in a greater likelihood of continued tobacco use in adulthood.®® Moreover, when
modeling prevalent rather than incident tobacco use, the study can only answer the
question of whether tobacco use was initiated within a specified age range. As existing
research typically classifies participants as tobacco users based on their use in the past

year or past 30 days, 3104

participants who initiated tobacco use before enrolling in the
study but are intermittent users would not be counted as tobacco users.

Failure to study neighborhood-level risk factors for using non-cigarette tobacco
products is a limitation because adolescents use a variety of tobacco products.® Given the
observed discrepancies in individual-level risk factors (e.g., SES and race) for traditional
vs. emerging tobacco use, it is possible that there are also differences in neighborhood-
level risk factors for the use of these products among adolescents. This is also a limitation

because, in the current U.S. regulatory environment, cigarillos and little cigars can

typically be obtained for a lower price and in more flavors than cigarettes (in most
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municipalities)—potentially making them more appealing to adolescents.?!® Moreover,
lower-SES communities tend to have cheaper priced tobacco products,*® making them
more appealing to price-sensitive adolescents. Finally, failure to include SLT use when
estimating associations between the neighborhood environment and use of tobacco
ignores a product that is more prevalently used in rural and Appalachian areas,'”® which

continue to have stubbornly high rates of tobacco use.'”’

Theoretical Framework

The current study can be organized using two theoretical frameworks—one more
general and one more specific to the research question. The social ecological model, as
described above, is the more general framework.!'® For this study, we are primarily
interested in how qualities of the community (in this case, the neighborhood) that
adolescents lived in during middle childhood (i.e., age 10) affect their risk of initiating
emerging and traditional tobacco products through adolescence. Because individual-level
characteristics such as race and SES are strongly associated with neighborhood
characteristics and are also, on their own, associated with the risk of using emerging and
traditional tobacco products, they will be included in all analyses. Similarly, parental
tobacco use, a risk factor at the interpersonal level, is both associated with a family’s SES
(and thus its neighborhood) and an adolescent’s tobacco use outcomes, and therefore it is
important to control for.

The theoretical framework more specific to the current study is Diez Roux and

Mair’s model for neighborhood social control’s effect on health behaviors which
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connects the neighborhood environment to the manifestation of disparate health outcomes
(Figure 6).3!7 This study investigates the association between the neighborhood social
environment and tobacco use (i.e., a behavioral mediator) that leads to disparate health
outcomes. In particular, we are interested in whether parents’ perceptions of social
control in their child’s neighborhood at age 10 (operationalized through the constructs of
safety, social disorder, and physical disorder,) are associated with initiation of tobacco
use among adolescents. These aspects of neighborhood may relate to adolescent
substance use initiation through stress. The stress reduction hypothesis suggests that
adolescents may use substances (e.g., tobacco) to cope with stress from their
environments.>!® Moreover, these measures ultimately describe a lack of neighborhood
social control that can result from lower neighborhood SES.*'” Lower SES
neighborhoods tend to have a higher prevalence of adult tobacco use'?? and a higher
density of tobacco retailers,** which additionally put adolescents at increased risk of
tobacco initiation via increased perceived accessibility of tobacco products®® and social
norms promoting tobacco use.*

The construct of cohesion, which includes measures of trust, shared values, and
willingness to help one’s neighbors may relate to adolescent tobacco use initiation
through collective efficacy. Collective efficacy theory suggests that closeness and shared
trust among community members buffers adolescents against participating in harmful
behaviors, such as tobacco use.?’? This buffering occurs via community members
monitoring youth activities, taking action when youth participate in delinquent activities,

and advocating for resources to promote healthier choices for youth.?’? Thus, high levels
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of neighborhood cohesion may be protective against adolescent tobacco use due to adults
intervening when they notice youth using tobacco and advocating for community policies
to make tobacco less attractive or more difficult to obtain by youth.

Together, we expect that adolescents who live in communities that are perceived
to have poorer safety and cohesion, and greater social and physical disorder, will
ultimately have a greater risk of using tobacco products. Due to the relative newness of e-
cigarettes and hookah relative to cigarettes, cigars, and SLT, and the differences in risk
factors that occur at other levels of the social ecological model (i.e., one’s SES and race),

we will examine risk of using these products separately.

Aims

To address limitations of the existing literature and test the proposed theoretical
framework, the aims of the current study were to estimate the associations between
perceived neighborhood quality at age 10 and short-term risk of initiating 1) emerging

tobacco products, and 2) traditional tobacco products among adolescent boys.

Methods

Setting and Participants

Male youth ages 11- to 16-yearswere recruited from urban Franklin County, Ohio
(N=708) or one of nine rural, Appalachia Ohio counties (N=512). Only boys were
eligible to participate because an aim of the parent study was to measure predictors of

SLT initiation, and the prevalence of SLT use among gitls in the U.S. is quite low.> A
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majority of households (N=991) were recruited via probability address-based sampling;
the remainder (N=229) were recruited via convenience sampling methods. In households
where more than one male youth was eligible to participate, the one who had the most
recent birthday was selected. In addition to age and residency requirements, boys had to
have the capacity to complete study procedures (e.g., cognitive, vision, and hearing
abilities) to enroll.

Up to two parents or caregivers (hereafter referred to as “parents’) were permitted
to enroll in the study (N=1847). They provided additional information about household
socioeconomic status, tobacco use by household members, and the perceived quality of
male youths’ neighborhoods at age 10. Eligibility criteria included living in the same
household as the boy and serving as a caregiver of the boy if not a parent or guardian

(e.g., a grandparent).

Procedures

For the male youth cohort, data were collected at baseline via audio computer
assisted self-interviewing (ACASI) and interviewer administered questionnaires. ACASI
was used to administer sensitive items, such as substance use, and male youth completed
these items in a room by themselves when permitted. Less sensitive items, like
demographics and delay discounting, were interviewer administered.

Follow-up data were collected from male youth at 6, 12, 18, and 24 months post-
baseline. The 6- through 18-month follow-up surveys were administered over the

telephone. To protect participants’ privacy, participants were instructed to say the letter
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that corresponded with their response rather than their actual response (e.g., “B” instead
of “menthol”). At the 24-month follow-up, most participants repeated the in-person data
collection procedures from baseline (86.9%). To complete follow-ups with as many boys
as possible, phone surveys were used at this time point as well for participants who had
moved too far away to feasibly complete an in-person interview or were too busy to
complete the longer in-person session. The telephone version of the 24-month follow-up
survey collected the same tobacco use items that were needed for the current study, and
so their data were included in all analyses.

For the parent cohort, data were collected at baseline via a self-administered
paper-and-pencil survey. Parents completed follow-up surveys 12, 24, and 36 months
post-baseline via telephone; only 24- and 36-month follow-up data were used for the
current study, as these time points included items measuring perceived quality of the
male youths’ neighborhoods at age 10.

The Ohio State University Institutional Review Board approved all study
procedures. Male youth provided assent and their parents or legal guardians provided
permission. Boys who turned 18-years-old during the study were re-consented to study

procedures as adults. Parents provided consent to be interviewed.

Measures

Dependent variables. Dependent variables included ever (i.e., lifetime) use of: 1)
emerging and 2) traditional tobacco products (yes vs. no). Emerging tobacco products

included e-cigarettes, which are a relatively new tobacco product, or hookah, which is
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new to the U.S. Traditional tobacco products included cigarettes, SLT, traditional cigars,
or cigarillos/little cigars (hereafter referred to as cigars). Ever use of each tobacco product
was assessed at all time points. Ever use of inhaled tobacco products (i.e., cigarettes, e-
cigarettes, cigars, and hookah) was assessed with the following item: “Have you ever
tried [tobacco product], even one or two puffs?” For SLT, the item was asked separately
for snus and other forms of SLT, like dip or chewing tobacco, with the following item:
“Have you ever used any of the following smokeless tobacco products, even one or two
times?”” Responses to the e-cigarette and hookah ever use items were collapsed into the
outcome variable for emerging tobacco use (used either product vs. used neither product).
Responses to the cigarette, snus/SLT, cigars items were collapsed into the outcome
variable for traditional tobacco use (used any products vs. used no products).

Age of initiating an emerging or traditional tobacco product was ascertained in
two ways, depending on when the participant started to use the product. For participants
who had initiated tobacco use prior to enrolling in the study, their self-reported age of
first use was used. When they had already initiated more than one emerging or more than
one traditional tobacco product at baseline, the earliest age of first use was used. For
participants who reported initiating tobacco use on a follow-up survey, their age when
completing the survey was included in the analyses. When participants never initiated
emerging or traditional tobacco products, their age at the 24-month follow-up was used as
the censoring age in analyses.

Independent variables. Independent variables included parent-reported ratings of

269,270 272

perceived safety, social disorder,?”! physical disorder,?’! and cohesion?’? of male
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youths’ neighborhoods at age 10 years (Table 4). These items were added to the parents’
24- and 36-month follow-up surveys after data collection had begun. Because each wave
of data collection spanned 18 months, no parents completed the items on both follow-up
surveys. Only parents who lived with the male youth participant when was he was 10
years-old were eligible to answer the perceived neighborhood quality items. In cases
where both parents answered the items, one parent’s responses were randomly selected to
be used in analyses.

Prior to analyses, a confirmatory factor analysis (CFA) was completed to confirm
that the model with four latent variables acceptably fit the data. For the CFA, items were
re-scored to have higher values represent higher quality neighborhoods (i.e., more
safe/cohesive and less socially/physically disordered). 4 priori, root mean square error of
approximation (RMSEA) < 0.06, comparative fit index (CFI) > 0.95, and Tucker-Lewis
index (TLI) > 0.95 were the criteria to establish acceptable model fit. CFA was
completed using the lavaan package in RStudio version 1.1.383.395319

Following the CFA, mean scores of items on each scale were calculated to create
one continuous variable representing each scale to be used in analyses. To improve the
interpretability of model coefficients, items on the social and physical disorder scales
were re-scored so that higher averages represented more socially and physically
disordered neighborhoods. The scoring of the safety and cohesion scales were not
changed following the CFA.

Covariates. Variables that could confound the association between perceived

quality of participants’ neighborhood at age 10 and initiation of emerging or traditional
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tobacco products were included in all analyses. Confounding variables were selected
using a directed acyclic graph (Figure 7). Variables included race (white non-Hispanic,
black non-Hispanic, and other), region (urban vs. Appalachia), parental education
(college education vs. less), and tobacco use by any adult in the household (yes vs. no).
All confounding variables were measured at baseline and were treated as time-constant
covariates. Race was self-reported by male youth, region was recorded at sampling, and
parental education and adult tobacco use in the household were reported by parents.
Additional variables were used in the imputation model for imputing missing
tobacco use outcomes due to unit nonresponse (detail is provided below). These variables
were included due to their strong association with either unit nonresponse or tobacco
initiation. Variables included birth year, sensation seeking®®’ mean score (Cronbach’s
alpha = 0.70), log of delay discounting k-score,?*® ever alcohol use, ever marijuana use,
and susceptibility to using tobacco. Susceptibility to using tobacco was assessed
separately for each product by asking participants who had never used the product
whether they would smoke/use each tobacco product soon and if they would smoke/use
each tobacco product if offered by a friend. Response options included “definitely yes,”

29 ¢¢

“probably yes,” “probably not,” and “definitely not.” Any response other than “definitely
not” to either item was coded as being susceptible to using the product. Results were
combined across categories of emerging and traditional tobacco products to identify
participants who were susceptible to using any emerging or traditional tobacco products,

respectively. All variables were measured at baseline. Susceptibility to using tobacco was

re-assessed at 12-months, which was used to impute 18- through 24-month ever tobacco
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use outcomes. Ever alcohol use was re-assessed at 12 and 24 months. Ever marijuana use
was re-assessed at 24 months. Follow-up measures of alcohol and marijuana use were

used to impute tobacco use outcomes at concurrent and subsequent time points.

Missing Data

Item nonresponse. Item nonresponse was observed for a small proportion of
tobacco use and sociodemographic variables at baseline and follow-up (<5% missing).
Missing data for tobacco use variables, race, parental education, and tobacco use by
adults in the household were imputed using hot deck single imputation. Stratification
variables included age at enrollment (11-12, 13-14, and 15-16 years), region, and
household adult tobacco use. Hot deck imputation was completed using SAS version
9.4.22

Other covariates that were needed to impute missing tobacco use items due to unit
nonresponse (described below) were missing a small proportion of data themselves due to
item nonresponse. These covariates included sensation seeking mean score, log of delay
discounting k-score, and ever use of alcohol and marijuana (all <8% missing). Some
participants also reported implausible ages of first using tobacco (i.e., < 6-years-old), and
these values were set to missing. Multiple imputation by chained equations (MICE) was
completed to impute these values in five datasets. Items in the imputation model included
birth year, race, region, parental education, adult tobacco use in the household,

susceptibility to emerging and traditional tobacco products, and prior use of emerging
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and traditional tobacco products. Linear regression was used to impute continuous
variables, and logistic regression was used to impute categorical variables.

Finally, item nonresponse was observed for mean values of three predictor
variables: perceived neighborhood safety, social disorder, and cohesion (all <2%
missing). These mean values were imputed alongside the covariates describe above using
MICE.

Unit nonresponse. Although 742 parents completed the perceived neighborhood
quality scales on the 24- or 36-month follow-up survey, they only represented 542 male
youth participants (i.e., 200 surveys were from parents who had the same son, and only
one parent’s responses were randomly selected to be used in the analysis). Thus, there
was a substantial amount of missing data (56%) for the predictor variables due to unit
nonresponse. These values were not imputed, and all analyses were only completed on
the 542 youth whose parents answered these items.

Of the 542 male youth included in analyses, the following actions were completed
to address missing ever use of emerging or traditional tobacco products at each survey
wave due to unit nonresponse. First, ever use of an emerging or traditional tobacco
product that was reported on earlier survey waves was carried forward to later, missed
survey waves. Next, never use of emerging or traditional tobacco products reported on
later survey waves was carried back to earlier, missed survey waves. After those steps, a
small proportion of missing responses for ever use of emerging or traditional tobacco

products on a follow-up survey was observed (<5%). These missing responses were
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imputed using MICE to create five datasets. Only five datasets were created due to the

small amount of missing data present in the analytic dataset.’?’

All MICE procedures were completed using Stata version 14.2.313

Statistical Analyses

Overview. First, descriptive statistics were calculated to compare the distribution
of covariates for those who were included in the current study and those who were
excluded due to missing data for the perceived neighborhood quality variables. Next, Cox
proportional hazards regression was used to model the short-term (i.e., instantaneous) risk
of initiating: 1) emerging, and 2) traditional tobacco products by the four measures of
perceived neighborhood quality for participants’ neighborhoods at age 10 (perceived
safety, social disorder, physical disorder, and cohesion). Due to multicollinearity,
separate models were run for each predictor variable. Because the predictor variables
represented boys’ neighborhoods at age 10, boys who had initiated emerging or
traditional tobacco product use at or prior to age 10 (n=2 and n=8, respectively) were
removed from the risk set. In other words, the data were left truncated. All analyses
controlled for race, region, parental education, and tobacco use by adults in the
household. An alpha value of 0.05 was set to denote statistical significance.

Cox model assumption checks. Model assumptions were checked in each
multiple imputation dataset prior to completing final analyses. First, linearity of
continuous variables was assessed by visually inspecting Martingale residual plots;

failure of the residuals to scatter randomly around 0 indicated a violation of the linearity
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assumption. Next, the proportional hazards assumption was assessed by visually
inspecting Schoenfeld residual plots. A violation of the proportional hazards assumption
would be indicated by a trend in the Schoenfeld residuals over time. After inspecting the
plots, Schoenfeld residual tests were completed for each predictor and covariate. Model
assumption checks were completed using Stata version 14.2.313

Variables that did not meet the linearity assumption would be categorized into
tertiles representing low, medium, and high levels of the predictor variables. Variables
that did not meet the proportional hazards assumption would be stratification variables in
the Cox proportional hazards model. If the effects of our primary predictor variables were
not homogeneous across levels of the stratification variable (tested by including an
interaction between the predictor and stratification variable to the model), a product
interaction with time would instead be used in the final model to address the proportional
hazards violation.

Analyses. After ensuring Cox proportional hazards model assumptions were met,
final models were run and results were combined across the five imputed datasets using
Rubin’s method.?’® Estimated coefficients were exponentiated to produce hazard ratios
(HRs). Final Cox proportional hazards models and combination of results across the five

datasets were completed using SAS version 9.4.22
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Results

Participant Characteristics

The 542 boys in the analytic sample were 14.1-years-old on average when they
enrolled in the BTHS and 82.2% were white non-Hispanic; 36.7% lived in Ohio
Appalachia, 62.7% had at least one parent who graduated college, and 23.6% lived with
an adult tobacco user (Table 5). As demonstrated in Table 5, these boys were quite
different from those who were not included in the analytic sample due to their parents not
answering the perceived neighborhood quality items. Boys who were not included in the
current study were more likely to be emerging and traditional tobacco users, live in
Appalachia Ohio, and live with an adult tobacco user than the boys who were included.
The excluded boys were also less likely to be white non-Hispanic and to have a parent
who graduated college.

Two boys were removed from the risk set for emerging tobacco use analyses, and
eight boys were removed from the risk set for traditional tobacco use analyses due to
initiating use prior to or at age 10 years. The follow-up time for both analyses was from
age 11 through the oldest observed age, which was 19-years. Across the five imputed
datasets, 99 to 100 participants initiated ever use of emerging tobacco products and 115

to 117 initiated ever use of traditional tobacco products during the follow-up period.

Confirmatory Factor Analysis
The CFA results identified that the model with four latent variables (safety, social

disorder, physical disorder, and cohesion) had acceptable fit (RMSEA=0.059, CFI=0.964,
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TLI=0.954). The chi-square goodness of fit test rejected the model fit (3°[133]=373.3,
p<0.001), although this was expected given the large sample size, as even minor
deviations from multivariate normality can lead to a high chi-square statistic.?”* The

average scores for each predictor variable were strongly correlated (Table 6).

Short-Term Risk of Emerging Tobacco Product Initiation

All perceived neighborhood quality variables met the linearity assumption, in all
five datasets, according to Martingale residual plots (examples included Figure 8).
However, according to Schoenfeld residual plots and tests, one covariate (adult tobacco
use in the household) did not meet the proportional hazards assumption (examples of
results included in Table 7). A stratified Cox model was used as effects of all predictor
variables were homogeneous across strata of adult tobacco use in the household.

Overall, no measures of perceived neighborhood quality affected short-term risk
of initiating emerging tobacco products (Table 8). In general, living in safer, more
cohesive neighborhoods appeared to be protective, as did living in less socially and
physically disordered neighborhoods. However, results were not statistically significant

at the alpha = 0.05 level.

Short-Term Risk of Traditional Tobacco Product Initiation

All perceived neighborhood quality variables met the linearity assumption
according to Martingale residual plots, in all five datasets (examples included in Figure

9). According to the Schoenfeld residual plots and tests, parental education violated the

123



proportional hazards assumption (examples of results included in Table 7). A stratified
Cox model was used as effects of all predictor variables were homogeneous across strata
of parental education.

Only perceived physical disorder affected the short-term risk of traditional
tobacco product initiation. A one-point increase in the physical disorder scale was
associated with double the short-term risk of initiating a traditional tobacco product
(Table 8; p=0.02). No other measures of perceived neighborhood quality affected short-

term risk of traditional tobacco product initiation (Table 8).

Discussion

As the physical disorder in boys’ neighborhoods at age 10 increased, their short-
term risk of initiating ever use of a traditional tobacco product also increased, after
controlling for race, region, parental education, and living with an adult tobacco user.
Perceived safety, social disorder, and cohesion of their neighborhoods at age 10 did not
affect risk of initiating traditional tobacco products, although the associations were
generally in the hypothesized directions. Similarly, we identified no statistically
significant associations between parent-perceived neighborhood quality and adolescents’
risk of initiating emerging tobacco products, although estimated associations were again
in the hypothesized directions.

Our results are consistent with prior work that has identified associations between
perceived neighborhood quality and tobacco use among adolescents. Higher

neighborhood disorder (e.g., crime, graffiti, vacant buildings, and street fights) has been
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associated with increased odds of past-year cigarette and e-cigarette use in a study of
California high school students.!* Likewise, living in a neighborhood that one’s parents
rated as lower quality has been associated with increased odds of being a regular smoker
(i.e., smoking one cigarette per day for the past 30 days) in a nationally representative
sample of U.S. adolescents ages 12-18.1% With the current study’s focus on initiating
ever use of tobacco products and inclusion of participants who initiated tobacco use from
age 10 through adolescence, our results extend the literature on this topic.

Our results are also consistent with both the social ecological model and models
of neighborhood social control. Regarding the social ecological model, we identified that
one’s neighborhood characteristics affect his risk of beginning to use tobacco products
after controlling for individual- and interpersonal-level risk factors. Thus, the
neighborhood environment uniquely contributed to adolescents’ risk of starting to use
traditional tobacco products. Regarding models of neighborhood social control, we
identified that the neighborhood social environment affected the risk of initiating
traditional tobacco use, which ultimately contributes to health disparities (Figure 6).°!
According to the stress reduction hypothesis, people who are exposed to disordered
neighborhoods during middle childhood may be more likely to start using traditional
tobacco products to reduce the stress caused by their neighborhood environment.!8
However, because this study did not measure stress we could not test whether this
mechanism underlies the observed associations.

Our results are also plausible due to the potential for normative and structural

factors increasing risk of tobacco use in more disordered neighborhoods. Neighborhood
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disorder can manifest when a neighborhood has reduced resources, including financial
resources.’!” Lower SES neighborhoods, in turn, tend to have a higher prevalence of adult
tobacco use,'?> which has been associated with increased risk of tobacco use among
youth by affecting youths’ perceptions of tobacco accessibility and descriptive norms
related to tobacco use.*®**° Lower SES neighborhoods also tend to have increased density
of tobacco retailers,?? lower tobacco prices,** and more tobacco advertisements.** Thus, it
is possible that some of the association we observed between perceived neighborhood
disorder and initiation of traditional tobacco product use could be mediated by these
factors.

Overall, however, most of the measures of perceived neighborhood quality were
not associated with short-term risk of initiating tobacco use. Our lack of statistically
significant results could be due to a few factors. First, our study experienced significant
attrition among parent participants at the 24- and 36-month follow-up surveys (i.e., when
measures of perceived neighborhood quality were assessed). Some of this nonresponse
was due to timing, as the items had not been added to the parent survey yet (i.e., 32% of
parents’ windows for the 24- or 36-month survey did not overlap with when the measures
had been added). However, much of the nonresponse was due to parents not taking their
survey. Attrition was strongly associated with risk factors for tobacco use overall. Not
only did this reduce our power to detect effects, it also resulted in a cohort that was at
reduced risk of initiating tobacco products overall. Relatedly, the adolescent cohort was
relatively young, with some participants being censored as early as 13-years-old. Thus, it

is possible that perceived safety, social disorder, and cohesion do affect short-term risk of
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initiating tobacco products during adolescence, but we did not have enough tobacco
initiation events to detect an effect.

Regarding the lack of statistically significant findings for emerging tobacco
products in particular, given the mixed findings for individual-level SES and race as risk

factors for use of emerging tobacco products,°%!110:123

it is possible that associations
between neighborhood quality and emerging tobacco product use would not be as strong
as it is for traditional tobacco products, or that there would actually be no association.
Additionally, e-cigarettes and hookah were classified as emerging tobacco products in the
current study because they are newer to the U.S. marketplace. It is possible, then, that in
cases where adolescents were starting to use tobacco products for reasons related to their
neighborhood environment (e.g., stress reduction), that they found traditional tobacco
products easier to acquire from a friend or family member, through peers, or by
purchasing at a retailer, although the retailer environment could have changed with the
evolving tobacco marketplace in the interim.

Results of the current study can be used to inform interventions and future
research. As the association we observed between neighborhood physical disorder and
adolescent tobacco use has been reported previously,'** we add to evidence in support of
interventions that target youth who live in disordered neighborhoods. Given the stress-
reduction hypothesis,*!® interventions that provide youth with healthy ways to cope with
stress may be beneficial. Interventions aiming to reduce affiliation with peers who use

tobacco and increase efficacy in refusing tobacco products may also be beneficial for

youth who live in physically disordered neighborhoods.!® Municipal actions that reduce
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the presence of litter and broken glass or remove graffiti would additionally make
neighborhoods less physically disordered, and therefore may reduce the risk of initiating
tobacco products among adolescents who live there.

There are several directions that future research could take to advance our
understanding of the neighborhood’s effects on adolescent tobacco use. First, additional
investigation into individual-level mediators and modifiers of the association between
physical disorder and tobacco use would identify potentially modifiable risk factors or at-
risk groups of youth to be targeted with interventions. Second, research that also
incorporates objective neighborhood measures would be informative. For example,
examination of the potential correlation between perceived measures of neighborhood
quality and neighborhood-level factors that promote tobacco use (e.g., tobacco retailer
density, advertising, tobacco prices) would be useful to better understand our observed
association between perceived physical disorder and risk of traditional tobacco use
among adolescents. Additionally, investigation of these neighborhood-level factors that
promote tobacco use as mediators of the association between perceived neighborhood
quality and risk of tobacco use among adolescents would provide justification for policies
that may reduce risk of tobacco initiation in disordered neighborhoods. Third, research
that is designed from the outset to investigate the association between neighborhood
exposures and risk of tobacco use would ideally start at a much earlier age and follow
participants into adulthood. This would prevent early tobacco initiators from being

excluded from analyses, and further, other important tobacco use milestones (e.g.,
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progression to regular use or dependence) could be modeled more efficiently as

dependent variables.

Limitations

The following limitations apply to the current study. First, the exclusion of girls
limits our ability to generalize our results to all adolescents. Given observed differences
in risk factors for tobacco use between adolescent boys and girls at the intrapersonal
level,!'-113 it is possible that the observed associations found in this study do not apply to
adolescent girls. Second, we did not obtain objective measures of boys’ neighborhoods at
age 10. For example, it would have been useful to know details about the neighborhood’s
SES (e.g., percent of families living below the poverty level, racial composition, percent
unemployment, etc.) so that we could: 1) estimate whether these factors were associated
with risk of initiating tobacco, and 2) control for these effects in our analyses. In the
current study, the failure to control for these objective measures of neighborhood SES
leaves unmeasured confounding, which could have resulted in our results being biased
away from the null.

Third, our retrospective ascertainment of the perceived quality of boys’
neighborhoods at age 10 meant we had to make assumptions about the confounders we
controlled for. For example, we had to assume that boys who lived with an adult tobacco
user when they enrolled in the BTHS at age 11 to 16 also lived with an adult tobacco user
when they were 10. We also assumed that boys lived in the same region at age 10 that

they did when they enrolled. Moreover, ascertainment of neighborhood quality only at
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age 10 meant that our data were left truncated, or that participants who initiated emerging
or traditional tobacco use prior to age 10 were excluded from analyses. Obtaining
measures of neighborhood quality going back to birth would have prevented this issue. A
related, fourth, limitation was that we did not know the exact age that boys initiated
tobacco use. Instead, we were limited to self-reported ages for boys who had initiated
tobacco use prior to baseline, or six-month increments for boys who initiated tobacco use
over the course of the study. Moreover, boys were not asked to retrospectively report
when they started using tobacco products more frequently or when they became nicotine
dependent at baseline. Thus, we could not model short-term risk of either of these
outcomes in the current study.

Fifth, we did not measure parenting behaviors that could be protective in settings
of low neighborhood quality. One study found that parenting style (i.e., authoritarian,
authoritative, and permissive) modified the effect of neighborhood disorder on risk of
regular cigarette smoking among adolescents.!?®> Examination of this in the current study
would have been useful, as it would add to the evidence that parenting style interventions
may protect against tobacco use initiation for adolescents who live in more disordered
neighborhoods. A sixth limitation was that we relied on parents’ reports of neighborhood
quality. Although this has precedence in prior work,!? it is possible that youths’ reports
of neighborhood quality would differ. Thus, it is also possible that the associations we
observed between perceived neighborhood quality and tobacco initiation would differ if

we instead used youths’ perceptions of neighborhood quality.
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Strengths

Our study also had several strengths. First, this study was longitudinal in design
and used incident rather than prevalent tobacco use as the dependent variable. Both
factors allowed us to establish that our exposure variables did not occur after our outcome
variables. Although we did not use a causal framework, our results are stronger due to the
assurance of temporality of the associations we detected. Second, our use of Cox
proportional hazards regression rather than another type of generalized linear model (e.g.,
logistic regression) allowed us to model the short-term risk of initiating tobacco use from
middle childhood through the end of adolescence—even though a majority of our
participants had not reached adulthood by the end of their follow-up. In other words, we
did not have to limit analyses to ages that all participants had reached by the end of
follow-up to determine whether the risk of tobacco initiation differed according to
perceived neighborhood quality. Third, by using perceived neighborhood quality at age
10 as our exposure variable, few participants were removed from the analysis due to left
truncation. Importantly, this allowed us to include most early initiators of tobacco
products, who are at increased risk of becoming nicotine dependent and continuing
tobacco use in adulthood.®® Fourth, parents defined the neighborhood boys lived in at age
10; they were not asked to only think about the census tract or school district they lived
in, for example. This may have resulted in a more accurate representation of the areas
boys were exposed to than more arbitrary administrative boundaries. Fifth, modeling risk
of initiating emerging and traditional tobacco products separately added nuance to our

findings and made them more timely. As the prevalence of emerging tobacco product use
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continues to rise and the prevalence of traditional tobacco use continues to fall among
adolescents in the U.S.,? examination of risk factors for using these products separately
improves our understanding of what may be driving the surge in emerging tobacco
product use. A related, sixth, strength was that we included several tobacco products in
the current study rather than focusing on only one or two products. Given racial® and

1198

regional ”° differences in products used by adolescents in the U.S., this makes our results

more applicable to adolescents overall.

Conclusion

This longitudinal study identified that living in a physically disordered
neighborhood at age 10 increased boys’ risk of initiating ever use of cigarettes, SLT, or
cigars through adolescence. Although associations between other measures of perceived
neighborhood quality and risk of initiating emerging or traditional tobacco products were
not statistically significant in the current study, future work in a larger cohort that is also
at greater risk of tobacco use overall may be better powered to detect effects. Moreover,
future work that considers individual-, interpersonal-, and neighborhood-level mediators
and modifiers of the associations between perceived neighborhood quality and risk of
using emerging and traditional tobacco products could inform interventions and policy
approaches to reduce adolescents’ risk of initiating tobacco use. Continued study of risk
factors for using a variety of tobacco products will be necessary to achieve progress in

reducing adolescents’ use of both emerging and traditional tobacco products in the U.S.
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Tables and Figures

Environmental exposures

Neighborhood physical environments \
Food and recreational resources

Built environment
Residential segregation Aesthetic quality/natural spaces
by race/ethnicity and Services
socioeconomic position Quality of housing Health

lT Neighborhood social environments
mequaiies in Safety/violence
vl Social connections/ cohesion /
distribution Local institutions

MNorms

Personal characteristics
Material resources
Psychosocial resources

Biological attributes

Figure 6. Hypothesized relationship between the neighborhood environment and health
outcomes.?

2 Figure was obtained from Diez Roux & Mair, 2010.!7 The boxes highlighted in red
represent the associations being estimated in the present study.
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Figure 7. Directed acyclic graph demonstrating relationships between perceived
neighborhood quality, initiation of tobacco products, and confounding variables
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Table 4. Latent variables of perceived neighborhood quality, items, and scoring for

analytic models.

Latent variable

Item

Perceived
safety®

Many people in your neighborhood were afraid to go outside at
night.

There were areas of this neighborhood where everyone knows
“trouble” is expected.

You’re taking a big chance if you walk in this neighborhood alone
after dark.

I felt safe walking in this neighborhood.®
Violence was a problem in this neighborhood.

I felt safe from crime in this neighborhood.®

Perceived
social disorder®

How much of a problem was drinking in public?
How much of a problem was people selling or using drugs?

How much of a problem was groups of teenagers or adults
hanging out in the neighborhood and causing trouble?

How much of a problem was noise in the neighborhood?

How much of a problem was yelling or fighting?

Perceived How much of a problem was litter, broken glass, or trash on the

physical sidewalks and streets?

disorder® . .
How much of a problem was graffiti on buildings and walls?
How much of a problem was vacant or deserted houses or
storefronts?

Perceived This was a close-knit neighborhood.*

cohesion®

People in that neighborhood were willing to help their neighbors.®

People in that neighborhood generally didn’t get along with each
other.

People in that neighborhood shared the same values.®

People in that neighborhood could be trusted.®

@ Response options and scoring for Cox proportional hazards models were “1, strongly
agree;” “2, agree;” 3, neither agree nor disagree;” “4, disagree;” and 5, strongly

disagree.”

® Response options and scoring for Cox proportional hazards models were “3, a big
problem;” “2, somewhat of a problem;”, and “I, not a problem.”
¢ Item was reverse scored for Cox proportional hazards models.
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Table 5. Characteristics of participants included in the current study’s analytic sample vs.
those who were excluded?

Boys in analytic Boys outside of

sample analytic sample
(N=542) (N=678) p-value®

Age at enrollment (mean [SD]) 14.1 (1.6) 14.0 (1.6) 0.3
Ever used emerging tobacco product by 18.8 30.2 <0.001
end of follow-up® (%)
Ever used traditional tobacco product by 214 37.2 <0.001
end of follow-up® (%)
Race (%) <0.001

White non-Hispanic 82.2 71.5

Black non-Hispanic 8.5 15.9

Other 10.3 12.5

Appalachia region (%) 36.7 46.2 0.001
At least one parent graduated college (%) 67.2 42.9 <0.001
Lives with an adult tobacco user (%) 23.6 384 <0.001

? Boys in the analytic sample had at least one parent complete a follow-up survey at 24 or
36 months that included the perceived neighborhood quality items.

® The p-value for age of enrollment was obtained from a t-test. All other p-values were
obtained using chi-square tests.

¢ Because multiple imputation was not completed for missing tobacco use outcomes
among boys outside of the analytic sample, these rows only include distributions among
complete cases. Emerging tobacco products included e-cigarettes and hookah. Traditional
tobacco products included cigarettes, traditional cigars, cigarillos/little cigars, and
smokeless tobacco.
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Table 6. Correlations between average scores on perceived safety, social disorder,
physical disorder, and cohesion scales.?

Perceived Perceived Perceived Perceived
safety  social disorder physical disorder  cohesion

Perceived safety  1.00

Perceived social disorder  -0.87 1.00
Perceived physical disorder -0.74 0.86 1.00
Perceived cohesion  0.77 -0.61 -0.46 1.00

 Correlation coefficients using Fisher’s z transformation were combined across the five
imputed datasets using Rubin’s method.?”® All correlations significantly differed from 0
(all p-values <0.001).
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Table 7. Results of Schoenfeld residual tests in first imputed dataset®

x> DF p-value

Emerging tobacco use models

Perceived safety 0.05 1 0.82

Perceived social disorder 0.28 1 0.60

Perceived physical disorder 1.49 1 0.22

Perceived cohesion 0.03 1 0.87

Black non-Hispanic race 0.01 1 0.93

Other race 0.14 1 0.70

Parental education 2.31 1 0.13

Region 2.92 1 0.09

Adult tobacco user in household 4.62 1 0.03
Traditional tobacco use models

Perceived safety 0.00 1 0.98

Perceived social disorder 0.32 1 0.57

Perceived physical disorder 0.81 1 0.37

Perceived cohesion 3.08 1 0.08

Black non-Hispanic race 0.03 1 0.87

Other race 3.27 1 0.07

Parental education 4.13 1 0.04

Region 0.57 1 0.45

Adult tobacco user in household 1.52 1 0.22

Abbreviations: DF = Degrees of freedom

# Covariate values reported are from the perceived safety models; time (non-transformed)
was used to assess proportional hazards assumption. Results did not differ substantially
across models or datasets.
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Table 8. Short-term risk of initiating emerging and traditional tobacco products
according to perceived quality of neighborhood at age 10*

Emerging tobacco Traditional tobacco
products® products®
HR¢ 95% CI HR¢ 95% CI
Perceived safety 0.85 0.64,1.11 0.90 0.70, 1.17
Perceived social disorder 1.32 0.73, 2.40 1.30 0.76, 2.20
Perceived physical disorder 1.63 0.78, 3.41 2.01 1.09, 3.69
Perceived cohesion 0.78 0.57,1.07 1.07 0.76, 1.50

Abbreviations: HR = hazard ratio; CI = confidence interval

# Measures of perceived neighborhood quality were collected from parents and guardians
of male youth participants during the study’s 24- and 36-month follow-ups. Cox
proportional hazards models estimated the short-term risk of initiating emerging and
traditional tobacco products. All analyses controlled for race, region, parental education,
and tobacco use by adults in the household. Analyses were combined across five imputed
datasets using Rubin’s method.?”®

® Emerging tobacco products included e-cigarettes and hookah.

¢ Traditional tobacco products included cigarettes, traditional cigars, cigarillos/little
cigars, and smokeless tobacco.

4 HR associated with a one-point increase in the predictor.

139



A ° o °
° ° ! [ ° ! H !
() ° o 8o l °
° [
o 4 ° :
221 I )
©
>
©
=
°
8o [
E; S - ;_.___.- " e e 0 -= 4 ° ' ]
g ° H s ° $ U .' |
L]
'1% ° e o O o .
L]
Sofecs R
] N ® [}
° $ o
°
ol T T T T T
1 2 3 4 5
Perceived safety (mean)
- : °
L]
(] L]
L] M ° L]
M °
EREL
©
>
©
3 —_
3 -
Qo dac e -z R
2 ' ’ ° °
sy o o
< ! °
t °
3 °
S| ]
" L]
' .
L]
'7 T T T T T
1 15 2 25 3
Perceived physical disorder (mean)
bandwidth = .8

Figure 8. Martingale residual plots assessing linearity of perceived neighborhood quality
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# Results were consistent across imputed datasets.
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# Results were consistent across imputed datasets.
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Chapter 5. The Tobacco Retail Environment in Columbus, Ohio, Before and After
Tobacco 21

Abstract

Introduction. Tobacco 21 (T21) policies raise the minimum legal sales age to purchase
tobacco products from 18 to 21 years. To date, over 475 localities have implemented a
T21 policy in the United States. Columbus, Ohio, began enforcement of a Tobacco 21
(T21) ordinance in September 2017. The objective of the current study was to evaluate
whether the tobacco retail environment in Columbus changed after T21 implementation
with respect to trajectories of 1) cigarette prices, 2) availability of flavored tobacco
products, 3) exterior advertisements for tobacco products, and 4) price promotions for
tobacco products.

Methods. A stratified random sample of Columbus retailers holding a cigarette dealer
license was audited in 2014, 2016, 2017, 2018, and 2019 (N=74 to 103 retailers per year;
the same retailers were audited over time). Trained fieldworkers completed audits in pairs
during daylight in late spring and summer months. Generalized linear models with mixed
effects were used to evaluate whether time trends in prices of Marlboro Reds, Newport
Menthols, or the cheapest cigarettes; availability of flavored tobacco products; exterior

advertisements; and interior and exterior price promotions changed post-T21
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implementation. All models controlled for store type and census tract poverty level, race,
and percent youth.

Results. Implementation of T21 was associated with a change in the trajectory of the
price of Marlboro Reds (per-year price increase of $0.25 pre-T21 vs. $0.08 post-T21;
p=0.008). Similarly, the per-year change in count of price-promoted tobacco products
changed post-T21 (21% decrease per year pre-T21 vs. 29% increase per year post-T21;
p=0.004). No statistically significant changes in the trends of flavored product
availability or exterior advertisements were observed.

Conclusion. Implementation of T21 was associated with changes in the trajectories of
cigarette prices and price promotions. In both cases, the change in trajectory resulted in
tobacco products being available at lower prices than they would have been if the pre-
T21 trajectory had continued. Results underscore the need for continued surveillance of
the tobacco retail environment before and after localities or states implement T21

policies.

Background

Tobacco 21 (T21) policies raise the minimum legal sales age (MLSA) to purchase
tobacco products from 18 to 21 years. To date, 18 states (including Ohio, where the
policy was recently approved but is not yet implemented) and over 475 localities have
adopted T21 policies.>! An obvious benefit of T21 policies is that they make it more

difficult for adolescents and young adults to obtain tobacco products for themselves. As
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95% of adult smokers initiated smoking by the time they were 21-years-old, and 8%
initiated specifically between the ages of 18 and 21, this alone implies that T21 policies,
if well enforced, would reduce the prevalence of tobacco use among adolescents and
young adults. However, the primary rationale for implementing T21 is that it reduces the
ability of older teens and young adults to supply their younger friends with tobacco
products.?*®

Studies of T21 have provided support for this rationale, and they have further
described how policy implementation may affect the prevalence of youth tobacco use in
the United States (US). A simulation study of the potential impacts of a national T21
policy in the US identified that the greatest decrease in smoking initiation (an estimated
decrease of 25%) would be among 15- to 17-year-olds, who are likely to have people
ages 18 or 19 in their social networks.*?! Other research compared the trend in prevalence
of youth smoking in Needham, Massachusetts, which was the first locality in the US to
implement a T21 policy, to nearby communities that had not implemented T21. In the
four years following Needham’s implementation of T21, the prevalence of current
cigarette smoking among youth decreased more quickly in Needham than in nearby
communities, and decreases were observed for males, females, white, and non-white
youth.??? Moreover, the proportion of youth who purchased cigarettes at retailers
decreased more in Needham.?*?

Other benefits of T21 policies are that the public tends to approve of them and
there are relatively few legal difficulties associated with implementation. Regarding

policy support, 70.5% of adults and 63.9% of youth support raising the MLSA for
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tobacco products to 21 years in the US.?>**?3 Even a majority of adult current smokers

support T21 policies,?*

although, perhaps unsurprisingly, the same is not true of current
smokers under age 21.323324 Regarding legal difficulties, T21 laws cannot be challenged
under the First Amendment because they regulate purchasing rather than advertising or
other methods of communication.?> Also, although the Family Smoking Prevention and
Tobacco Control Act (TCA) prevents the Food and Drug Administration (FDA) from
raising the MLSA for tobacco products above 18 nationwide, it does permit state and
local governments to raise the MLSA.*® The main legal barrier to implementation of T21,
then, is state-level preemption of local governments’ ability to raise the MLSA for
tobacco products. In 19 states, state law preempts local governments from raising the
MLSA (although, in some cases, the preemption language is somewhat ambiguous).?> In
Ohio, before the state raised the MLSA to 21, state law did not preempt localities from
raising the MLSA above 18.2%

The city of Columbus, Ohio, passed a T21 ordinance in December 2016,%?° with
enforcement beginning in September 2017.2> In addition to raising the MLSA for
cigarettes, e-cigarettes, hookah, pipes, smokeless tobacco (SLT), cigars, rolling papers,
and other tobacco products and paraphernalia, the policy required: 1) identification
checks for sales up to age 30, 2) display of T21 signage at the point of sale and on display
cases, 3) prohibition of vending machine tobacco or paraphernalia sales, and 4)
acquisition of a license from the Columbus Public Health department to sell tobacco

products.>?® Additionally, retailers holding a tobacco sales license are inspected to

monitor their compliance with the T21 ordinance; civil fines of $500 are issued for the
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first violation, and civil fines of $1000 are issued for subsequent violations within two
years.>?” Tobacco sales licenses can also be denied or revoked as a result of failure to
comply with the T21 ordinance requirements.>?8

Ultimately, the T21 ordinance implemented in Columbus, Ohio, did not merely
replace “18” with “21” in the city law. Best practice guidelines for policies aiming to
prevent the sale of tobacco products to youth emphasize strong enforcement of the policy,
e.g., adequately funding enforcement, articulating the enforcement plan, conducting
regular compliance checks, and penalizing those found in violation of the policy.??!-3?°
Strong T21 policies, then, go beyond simply changing the MLSA. Columbus’ T21
ordinance follows best-practice guidelines for T21 policies, and therefore Columbus
provides a good setting to study the effects of T21 policies.

Because strong T21 policies change the age of tobacco-purchasing clients, it is
plausible that marketing of tobacco products will also change after T21 implementation.
One way that the retail environment might change would be to reduce the effort to attract
younger consumers. As retailers located in areas with more youth have lower priced

tobacco products and more promotions for menthol cigarettes,?8>-2%

it follows that prices
might increase and promotion of flavored products might decrease when the age of the
consumer base increases. It is also plausible, however, that prices might decrease and
promotion of flavored tobacco products would increase post-T21 implementation in an
effort to attract more young adults. Thus, investigation into whether, and how, the retail

environment changes post-T21 implementation is necessary to fully appreciate the

potential effects of the policy.
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Theoretical Framework

The theoretical framework motivating the current study is the social ecological
model, which describes how risk and protective factors for health behaviors occur at the
individual, interpersonal, community, and policy levels of influence.!® Studying the
effects of T21 implementation on the retail environment will describe how a policy
affects community-level risk factors for tobacco use. Community-level risk factors for
tobacco use include characteristics of the retail environment that youth and adults alike
may encounter in their day-to-day lives—regardless of whether they are tobacco users—
such as low tobacco prices and price promotions, advertisements, and availability of
flavored tobacco products.

Low tobacco prices and price promotions are two ways that the tobacco industry
makes their products more appealing and accessible to youth, young adults, and people of
lower socioeconomic status.*** In addition to the strong evidence that higher prices of
tobacco products are associated with reduced consumption of those products (via reduced
youth uptake, increased cessation, and decreased quantity of products consumed),*! there
is recent evidence that higher prices of cigarettes might drive youth and young adults to
using e-cigarettes.’*? In other words, at the same time that high tobacco prices discourage
use of a particular product, it is appears that they may also encourage substitution with
another product, and thus the effect of tobacco prices on overall patterns of tobacco use is
complex.

Tobacco product advertisements at retailers are other community-level risk

factors for tobacco use among youth and adults through influencing positive expectancies
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of using the product(s), smoker prototypes, and social norms.*** Youth who frequently
visit retailers with heavy tobacco advertising are at increased risk of becoming cigarette
smokers,?? and heavier share of advertising for e-cigarettes and SLT at retailers is
associated with increased use of those products among adolescents.*** Moreover,
exposure to tobacco advertisements reduces adult smokers’ probability of successful
smoking cessation.>*

Finally, availability of flavored tobacco products is a community-level risk factor
for tobacco use, particularly among youth and young adults. Youth and young adult

336,337 and

tobacco users in the US have a strong preference for flavored tobacco products,
an estimated 70% of youth current tobacco users report using a flavored product in the
past 30 days.?*° The TCA banned cigarette flavors other than menthol,*® but there are

currently no federal restrictions, or restrictions in Columbus, Ohio, on flavors of other

tobacco products (the FDA has proposed a ban on flavored e-cigarettes except for mint

and menthol at retailers that can be accessed by youth).>*8

Current Study

To our knowledge, no research has evaluated the effect of T21 implementation on
characteristics of the tobacco retail environment, such as prices, flavored product
availability, and advertising and promotions. This is a notable gap in the literature, as
characteristics of the retail environment affect youth and young adult tobacco use and
may change in response to a policy that increases the age of the consumer base. For

example, the alcohol industry’s marketing practices appeal to “starter,” or young drinkers
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differently from “established,” or older drinkers by marketing sweeter drinks at lower

prices.?®* The tobacco industry also practices audience segmentation by offering lower

285 286

priced tobacco products“® and more price promotions for menthol cigarettes”" in areas
with younger populations. Thus, the aims of the current study are to evaluate whether
trajectories in 1) cigarette prices, 2) availability of flavored tobacco products, 3) exterior
advertising, and 4) price promotions at tobacco retailers changed post-implementation of
T21 in Columbus, Ohio. As T21 ordinances continue to be rapidly adopted across the

country, including in the state of Ohio, results of this research will inform tobacco control

efforts to reduce tobacco use among youth and young adults.

Methods

Setting

A list of retailers holding a cigarette dealer license in Franklin County, Ohio, was
obtained in 2014. A stratified random sample of 100 retailers was audited that year (the
county was stratified by location and median household income).?®” Audits were repeated
at these retailers, as well as at a replenishment sample of retailers holding a cigarette
dealer license in 2016, 2017, 2018, and 2019 (N=90 to 121 retailers audited per year in
Franklin County). Although audits were completed at retailers throughout Franklin
County, only data from Columbus retailers (N=74 to 103 per year) were used in the
current study. All except for eight retailers were audited at least once in both the pre- and

post-T21 periods.
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Procedures

A retailer audit instrument was adapted from earlier work.?%® Data were collected
on paper-and-pencil surveys (2014) or on a smartphone Qualtrics survey (all other years).
Characteristics of retailers (described below) were obtained by visually inspecting each
retailer or asking the clerk for information that was not readily available (e.g., the price of
the cheapest cigarette pack in the store). Each year, retailers were audited during late
spring or summer months. All audits were completed during daylight hours. Prior to data
collection, undergraduate and graduate student fieldworkers were trained, and moderate-
to-good inter-rater reliability was established (Cohen’s k’s > 0.5). All audits were

completed in pairs.

Measures

Dependent variables. For analyses of cigarette prices, dependent variables
included the pre-tax price of one pack of Marlboro Reds, Newport Menthols, and the
cheapest cigarettes in the store. In cases where only post-tax prices were available (as
indicated on signage or from the clerk), the fieldworker noted this in the data collection
instrument and the tax was subtracted from the recorded price prior to analysis. Prices
were also inspected for unlikely values (e.g., <$2.00 per pack), which were set to missing
(N=3). Cigarette prices were obtained in all five years of audits.

For analyses of flavored tobacco products available, the dependent variable was

the count of categories of flavored products sold at each retailer. Flavored products that
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were assessed included menthol cigarettes, flavored e-cigarettes, flavored SLT, and
flavored cigarillos (all yes vs. no). A count of categories of flavored products available
was then calculated for each retailer (range: 0 to 4). Counts at each retailer were
dichotomized to eliminate small cells and improve interpretability: O to 3 products
(reference category) vs. 4 products. Flavored product availability was obtained in all five
years of audits.

For analyses related to exterior advertising of tobacco products, the dependent
variable was count of all tobacco products that were advertised outside the store. Exterior
advertisements for the following products were assessed: menthol and non-menthol
cigarettes; flavored and unflavored e-cigarettes, SLT, and cigarillos; large cigars; and
hookah (all yes vs. no). A count of all products advertised outside the store was then
calculated (range of observed values: 0 to 9). These measures were obtained from 2016 to
2019.

For analyses of price promotions, the dependent variable was the count of tobacco
products that had advertised price promotions inside and outside each retailer. Interior
and exterior price promotions for menthol and non-menthol cigarettes; flavored and
unflavored e-cigarettes, SLT, and cigarillos; large cigars; and hookah were assessed and
summed (all yes vs. no; range of observed values: 0 to 16). These measures were
obtained from 2016 to 2019.

Independent variables. Independent variables included year and T21

implementation (yes vs. no). Year was first recoded to 0 to 6 (from 2014 to 2019) to
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improve interpretability of results, and then centered at its mean to reduce
multicollinearity in regression models.

Covariates. Covariates included factors that have substantively been associated
with lower tobacco prices and availability of flavored tobacco products.>’ Additionally,
the distributions of variables selected as covariates changed over time due to replenishing
the sample of retailers after 2014, and thus they were controlled for in all analyses.
Covariates included retailer type (convenience store or gas station vs. other) and the
following indicators of census tract demographics: percent living below the poverty level,
(dichotomized at >20% vs. less*?), percent black or African American (dichotomized at
>25% vs. less?®”), and percent youth under 18-years-old (dichotomized at the Franklin
County median: >24.3% vs. less). To obtain census tract characteristics, retailers were
first spatially joined to census tracts using ArcMap version 10.3.2% Next, American
Community Survey five-year estimates for 2013 to 2017 of percent of people living
below the federal poverty level, percent black race, and percent youth under age 18 were

merged to each retailer by census tract.

Statistical Analysis

Overview. The goal of the analyses was to determine whether the trajectories of
cigarette prices, availability of flavored tobacco products, exterior advertisements for
tobacco products, and price promotions changed post-implementation of T21 in
Columbus, Ohio. All analyses used mixed models to account for repeated measures at

retailers over time. Random intercepts and an unstructured covariance pattern were
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specified for all models. Prior to completing final analyses, linearity of the association
between year and the dependent variable was assessed in all models. In models of prices
and count of exterior advertising and price promotions, this involved inspecting
scatterplots for non-linear trends. In models assessing availability of flavored tobacco
products, this involved a fractional polynomials assessment.

To test whether observed trajectories in the dependent variables changed post-T21
implementation, product interaction terms between T21 implementation and year were
included in the model (see example Model 8); statistical significance of interaction terms
was assessed using likelihood ratio tests. To account for multiple testing, an alpha level
of 0.01 denoted statistical significance of interaction terms (this alpha level was set due to
there being four interactions between year and T21 implementation tested, with the added
consideration of making results more interpretable, i.e., presentation of 99% confidence
intervals). In cases where interaction terms were statistically significant, trajectories
stratified by T21 implementation were reported. All models included fixed effects for
store type and census tract poverty level, percent black or African American race, and
percent youth as described above. Analyses were completed using SAS version 9.4.22

Cigarette price analyses. First, the distributions of the price of one pack of
Marlboro Reds, Newport Menthols, and the cheapest cigarettes were evaluated over time.
Next, mixed effects linear regression models were run to model trajectories in prices of
each product, as well as whether trajectories changed post-T21 implementation.
Restricted maximum likelihood was used for model estimation. Assumptions of linear

regression models, including homoscedasticity and normality of errors, were assessed by
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evaluating residual and quantile-quantile plots, respectively. Cigarette prices were
missing from up to 15% of retailers each year. Missing values were due to the retailer not
selling that brand of cigarettes or the price being unobtainable. These individual
observations with missing price data for each retailer were not used in model estimation
(other observations from the same retailer without missing price data were used in model
estimation).

Availability of flavored products analyses. First, the distribution of the count of
categories of flavored tobacco products at each retailer was evaluated by year. Next, we
calculated the proportion of retailers that consistently offered the same number of
categories of flavored tobacco products across all observed years. A mixed effects
logistic regression model was then run to estimate the odds of selling 4 vs. 0 to 3
categories of flavored tobacco products over time and whether the trajectory changed
post-T21 implementation.

Exterior advertisements analyses. First, the distribution of the count of exterior
advertisements for all tobacco products at each retailer was visually assessed. A mixed
effects Poisson model was then run to model the count of flavored and unflavored
tobacco products advertised over time, as well as whether the trajectory changed post-
T21 implementation. Robust standard errors were estimated to account for
underdispersion.

Price promotion analyses. First, the distribution of counts of tobacco products
with interior or exterior price promotions at each retailer were visually assessed. Next,

counts were modeled over time, and a change in the trajectory post-T21 implementation
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was evaluated, using mixed effects negative binomial regression. Poisson regression as

not used due to overdispersion.

Results

Retailer Characteristics

A total of 74 to 103 retailers holding a cigarette dealer license were audited in
Columbus, Ohio, in 2014 and 2016-2019. Descriptively, as time progressed, a larger
share of the audited retailers were located in census tracts with higher proportions of
people who were living below the poverty level and were black or African American
(Table 9). The proportion of stores that were convenience stores or gas stations in the

sample decreased from 2014 to 2019.

Cigarette Prices

There were no major violations of the assumptions of linear regression models, so
prices were left untransformed in all analyses to improve interpretability of results
(Figures 10-12). Descriptively, prices of Marlboro Reds, Newport Menthols, and the
cheapest cigarettes tended to increase from 2014 to 2019 (Table 10).

The trajectory of the price of Marlboro Reds changed after T21 was implemented
(p=0.008; Table 11 and Figure 13). Prior to T21 implementation, a one-year increase was
associated with a $0.25 increase in the mean price of Marlboro Reds. Post-T21
implementation, the increase in price was $0.08 per pack on average, which did not

significantly differ from a $0.00 increase (p=0.14). There were no changes in the price
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trajectories of Newport Menthols or cheap cigarettes after T21 was implemented. Prices
of Newport Menthols were lower at convenience stores and gas stations than other

retailers (p=0.01). No other covariates were associated with cigarette prices.

Availability of Flavored Products

Each year, 35.8% to 63.5% of retailers sold all four categories of flavored
products, and very few retailers sold fewer than two categories of flavored tobacco
products (Table 12). Approximately one-third (37.3%) of retailers sold the same number
of categories of flavored tobacco products across all years of observation. The change in
the trajectory of flavored tobacco product availability (odds of 4 vs. fewer flavored
products) after T21 implementation nearly met the threshold of statistical significance
(p=0.02). In the main effects model, a one-year increase was associated with a marginally
significant 29% increase in odds of selling 4 vs. fewer categories of flavored tobacco
products (p=0.03; Table 13). Retailers in census tracts with high poverty levels also had

75% lower odds of selling 4 vs. fewer categories of flavored tobacco products (p=0.002).

Exterior advertisements for flavored and unflavored tobacco products

Over one-third of retailers (34.4%) had no exterior advertisements for tobacco
products; the count of tobacco products advertised outside of retailers was right-skewed
(Figure 15). There was no change in the trajectory of count of tobacco products

advertised outside retailers after T21 implementation (p=0.13). In the main effects model,
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a one-year increase in year was associated with an estimated 22% decrease in the count

of tobacco products advertised outside retailers (p<0.001; Table 14).

Interior and exterior price promotions for tobacco products

The count of tobacco products with interior or exterior price promotions was right
skewed, and 38.1% of retailers offered no price promotions (Figure 16). The trajectory of
count of tobacco products with price promotions advertised inside and outside of retailers
changed post-T21 implementation (p=0.004; Table 15). Prior to T21 implementation, the
mean count of tobacco products with price promotions decreased by 21% per year
(p=0.04). After T21 implementation, the mean count of tobacco products with price
promotions increased by 29% per year (p=0.04). Retailers located in census tracts with a
high proportion of people living below the poverty level had a 47% lower count of

tobacco products with price promotions (p=0.006).

Discussion

Overall, in Columbus, Ohio, implementation of T21 was associated with changes
in the trajectories of the price of Marlboro Reds and count of price-promoted tobacco
products at retailers. In both cases, post-T21 trends resulted in tobacco products being
available at a lower price than they would have been if the pre-T21 trends had continued.
We did not identify statistically significant changes in the trajectories of flavored product

availability or exterior advertising post-T21 implementation. However, we observed a
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marginally significant increase in the odds of retailers offering all four measured flavored
tobacco products, and a decrease in the count of exterior advertisements for tobacco
products, over time.

Although we are unaware of other research examining the effects of T21 on
cigarette prices in the U.S., implementation of other tobacco control policies has been
associated with changes in cigarette prices. Specifically, the trend of cigarette prices post-
implementation of plain packaging in the United Kingdom (UK) and Australia has been
examined.>*%*" In both cases, prices of cigarette packs increased after plain packaging
was implemented, controlling for other time trends in prices.*****’ Notably, in both

settings, there was also evidence that consumers switched to roll-your-own cigarettes>

(which remained the cheaper option) or cheaper brands of cigarettes®*

after prices
increased. This evidence of switching to cheaper products is similar to results in the U.S.,
where higher cigarette prices have been associated with increased use of e-cigarettes
among youth and young adults.>*?

These findings after plain packaging implementation were contrary to our
findings related to the price of Marlboro Reds post-T21 implementation, as well as the
tobacco industry’s own argument that a shift to plain packaging would force brands to
compete through lowering prices.>*! Findings might differ for a few reasons. First, unlike
the broader target population of plain packaging laws,**? T21 is a policy aimed primarily
at reducing youth and young adult use of tobacco products. Thus, our findings that the

price of Marlboro Reds increased less than usual post-T21 implementation are

unsurprising, as young adults are price-sensitive consumers.** Moreover, Marlboro prices
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may have increased less post-T21 to encourage established adult smokers to purchase
more cigarettes to make up for the lost 18- to 20-year-old demographic—although 18- to
20-year-old adults only account for approximately 2% of cigarette sales in the U.S. so
this latter point might be unlikely.** Second, we only observed a change in price
trajectories of one brand of cigarettes, which was under the parent company of Altria. As
other research has averaged across brands rather than allowing for heterogeneity, it is
possible that specific brands did respond to plain packaging in the UK and Australia by
decreasing their prices. Third, our retailers were all located in one city, and thus the
trajectory in mean price of Marlboro Reds may have changed post-T21 as a result of
some other city- or state-specific effect that we did not capture. Further, contrary to high-
profile plain packaging laws implemented at a national level, the tobacco industry’s
pricing strategies might not be fine-tuned enough to make changes at the city level.
Ultimately, however, our findings suggest that Altria might respond to T21 ordinances by
holding prices down, but because we did not observe the same change in the trend of
cheap cigarette prices, it is unclear how much this change in trend for one brand would
affect cigarette smoking behaviors (e.g., initiation, cessation, and product switching).
Pre-T21, the count of tobacco products that were price promoted inside and
outside of retailers decreased over time in Columbus. A similar decreasing trend in price
promotions was reported at tobacco retailers in New York state over the same period of
time,>** indicating that this trend was not localized to the city of Columbus. However,
after T21 was implemented, we observed an increasing count of tobacco products that

were price-promoted inside or outside tobacco retailers. This change in trend suggests
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that tobacco companies responded to T21 policy by offering discounts for more tobacco
products, which could reasonably lead to increased tobacco use among price-sensitive
young adults;* this could also encourage larger purchase quantities for adults who are
established smokers.**> However, available data suggest that industry spending on price

promotions for cigarettes and SLT increased through 2017,23+23

so it is possible that our
findings are related to changing advertising and promotional activities that may or may
not be in response to implementation of T21 across states and localities.

Although we did not observe a change in the trajectory of categories of flavored
products available after T21 implementation, we did identify a marginally significant
overall increase in the odds of retailers selling 4 (vs. 0-3) categories of flavored tobacco
products over time. Conversely, we observed a decrease in the count of flavored and
unflavored tobacco products advertised outside of retailers over time. Regarding
availability of flavored products, our results may be related to the increasing popularity of
e-cigarettes. JUUL, in particular, has become especially popular in the past few years.'®
In fact, it is possible that the marginally significant change in the trend of flavored
product availability we observed post-T21 implementation was strongly related to the
soaring popularity of JUUL that occurred simultaneously. Regarding exterior advertising
for flavored and unflavored tobacco products, our results again align with tobacco retailer
surveillance data from New York state over the same period.>** Given the overall

decrease in tobacco industry spending on outdoor advertising for cigarettes and SLT

nationally from 2014 to 2017 (the latest year that spending data are available),**?% our
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results suggest that the decreasing trend we observed in exterior tobacco product

advertising was not localized to Columbus.

Future Directions

The results of the current study provide several directions for future research.
First, investigation into how other tobacco control policies affect community-level risk
factors for tobacco use (e.g., the retail environment) is warranted. Other tobacco control
efforts, including licensing or zoning laws that limit the density of tobacco retailers;
price-raising strategies such as tax increases, minimum price laws, and coupon
redemption/price discounting bans; and flavored product bans could all potentially be
associated with changes to how tobacco products are marketed at retailers. These
changes, in turn, could result in a decrease in community-level risk factors for tobacco
use—or the tobacco industry could adapt to policy changes and ultimately minimize the
effects of these policies. In either case, the public health community would benefit by
understanding the full impact of any tobacco control policy.

A second, related direction for future research would be evaluating how the
changes we observed in the current study after T21 implementation are associated with
actual tobacco use behaviors in Columbus, Ohio. As noted earlier, Marlboro was the only
brand of cigarettes, of the two that we observed, to hold down prices post-T21; this could
result in young adults who smoked other brands switching to Marlboro, or it could have
no effect because young adults were primarily smoking cheaper brands anyway. The

increase we observed in the count of price-promoted tobacco products post-T21,
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however, may more clearly result in increased tobacco use among young adults.
Investigation into whether this is actually occurring, and for what products, could justify
further tobacco control policies in Columbus (such as a price discounting ban) or
interventions to reduce initiation and promote cessation among young adults.

A third direction of future research would be investigation of community-level
risk factors for tobacco use that might occur in areas with a high concentration of young
adults, such as around universities, or locations frequented by young adults, including
bars and nightclubs, post-T21 implementation. In the US, the prevalence of current

tobacco use is highest among young adults (41%),34

and the tobacco industry has
historically promoted tobacco use in this demographic with targeted marketing, including
at bars and nightclubs.**” Surveillance of tobacco marketing practices in these settings,
which may or may not hold a license to sell tobacco, would be informative as the tobacco
industry may increase their marketing to young adults post-T21.

A fourth direction of future research would be closer examination of how specific
tobacco companies respond to T21. In the current study, we found that only Altria held
down their cigarette prices post-T21 implementation. It is possible that they were also
behind the increase in price promotions that we observed post-T21 implementation, and
that their cheaper brands of cigarettes might not have increased in price post-T21.
Exposing the tobacco industry’s strategies to manipulate consumers into using their
products has been a successful counter-marketing approach,**® and a better understanding

of how specific companies respond to the public health community’s attempts to reduce

tobacco use could be useful for future counter-marketing campaigns. A related, fifth
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direction of future research would be to gain understanding of why the changes we
observed occurred at tobacco retailers in Columbus, Ohio, after T21 had been
implemented. For example, qualitative interviews could be conducted with managers at
tobacco retailers to hear their opinions and experiences about price-related changes that

occurred after T21 was implemented.

Limitations

The current study’s findings should be interpreted in the context of the following
limitations. First, all of our retailers were located in Columbus, Ohio. Although this
allowed us to evaluate the effects of a well-designed T21 policy, the absence of a
comparison community prevented us from determining whether changes we saw in the
trajectories of cigarette prices and price promotions post-T21 were related to the T21
policy or some other factor specific to Columbus. Other Franklin County retailers were
audited for the parent study, but there were few non-Columbus retailers, which ultimately
led to small cells and model convergence issues. Future work that includes a larger
sample of retailers outside of Columbus, as well as research conducted in other
communities with strong T21 policies outside of Ohio, would be useful.

A second limitation was that we did not evaluate the change in price of different
tobacco products pre- and post-T21. Prices of Blu e-cigarettes were recorded at each year
of retailer audits, but due to limited variability in prices and a large proportion of missing
data (46% to 79% missing by year), models did not converge. Investigation of whether

the price of e-cigarettes, SLT, cigarillos, and roll-your-own tobacco changed post-T21
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implementation would be useful, as other research has demonstrated that increases in

332 and roll-your-own

cigarette prices are associated with increased use of e-cigarettes
tobacco.?*” If the prices of these other products do not increase as much as cigarettes
post-T21, for example, it might signal product substitution.

A third limitation was related to how we represented flavored product availability,
exterior tobacco advertisements, and price promotions in models. Rather than being a true
count of all flavored products, advertisements, and promotions, they reflected a count of
the product categories available, advertised, or promoted. Thus, our findings apply to the
variety of products available, advertised, and promoted, but not the total burden of
flavored products, advertisements, or promotions at retailers. A related, fourth limitation
was that an increase in count of flavored tobacco products available could have been due
to a retailer offering a new product category they had not sold before (e.g., a retailer that
had not sold e-cigarettes but began selling both flavored and unflavored e-cigarettes at a
later year). A final limitation was that we had no information about other methods of

advertising or price discounting that can affect tobacco purchasing behaviors but are not

native to the retail environment, such as direct mail advertisements or coupons.

Strengths

A major strength of the current study was that we had repeated measures on the
same tobacco retailers from 2014 to 2019. This provided more confidence in the
estimated trajectories in the pre- and post-T21 periods. Auditing the same retailers

repeatedly also allowed retailers to serve as their own controls, and thus unobserved
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differences in clientele characteristics or ownership/management that might contribute to
differences in our dependent variables were controlled. A second strength was that the
T21 policy in Columbus is strong, particularly because it includes enforcement and
penalty components. Not only does this make our findings related to changes in
marketing practices post-T21 more plausible, but it also provides information for other
localities or states about how the retail environment may change when T21 best-practices
are followed. A third strength was that all of our analyses controlled for type of store and
census tract demographics, which are substantively associated with our dependent
variables and were also descriptively associated with year of data collection in the current

study.

Conclusion

This study identified that implementation of T21 in a large midwestern city was
associated with changes in the trajectories of Marlboro prices and count of price-
promoted tobacco products at tobacco retailers. In both cases, changes indicated that the
tobacco industry was attempting to reduce the cost of purchasing products after T21 had
been implemented. Continued surveillance of the tobacco retail environment, in locations
with and without T21 policies, will be important to fully understand how implementation

of T21 may affect the retail environment.
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Models

Model 8. Example Mixed Effects Generalized Linear Model

E(Y;|X,b;) = By + Biyear; + Bytob21; + Bs(year X tob21); + B,retailer_type;
+ Bspoverty; + Berace; + [;youth; + by;
Where:

o FE(Y;|b;) = dependent variable

e year = year of data collection for retailer i

e tob21 =tobacco 21 implemented for retailer i (yes vs. no)

e retailer type = type of retailer for retailer i (convenience store or gas station vs.
other)

e poverty = census tract poverty level for retailer i (high vs. moderate or low)

e race = census tract percent black non-Hispanic for retailer i (high vs. moderate or
low)

e youth = census tract percent youth for retailer i (dichotomized at Franklin County
median)

e boi=random intercept for retailer i
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Tables and Figures

Table 9. Distribution of retailers over time according to store type and census tract
demographics, 2014-2019, Columbus, Ohio?

2014 2016 2017 2018  2019"
(N=77) (N=74) (N=98) (N=95) (N=103)
Convenience store or gas station 71.4 64.9 66.3 68.4 62.1
(%)
Census tract demographics
>20% below poverty level (%) 57.1 58.1 65.3 67.4 66.0
>25% black race (%) 46.8 48.7 60.2 59.0 55.3
% youth > county median (%) 57.1 60.8 58.2 59.0 55.3
A stratified random sample of retailers were audited by trained fieldworkers during
daylight in late spring and summer months of each year.
® Tobacco 21 was implemented in Columbus, Ohio, when audits were conducted in 2018

and 2019. Although the policy was implemented in 2017, all retailer audits that year were
completed prior to implementation.
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Table 10. Descriptive statistics summarizing prices of one pack of Marlboro Reds,
Newport Menthols, or the cheapest cigarettes offered at Columbus, Ohio, retailers?

2015 2016 2017 2018 2019
(N=77)  (N=74)  (N=98)  (N=95)  (N=103)
Marlboro (%)

Range 4.80,7.75 5.25,9.75 5.42,8.99 5.79,7.50 5.87,9.00
Mean (SD) 5.81 (0.44) 6.48 (0.61) 6.52(0.54) 6.74(0.39) 6.86 (0.63)

Median  5.71 6.40 6.39 6.63 6.73
Missing (N) 9 7 8 8 11
Newport ($)

Range 5.50,6.95 5.44,7.99 535,899 548 7.55 6.03,8.99
Mean (SD) 5.86 (0.28) 6.57 (0.34) 6.61 (0.55) 6.80(0.33) 7.03 (0.48)

Median 5.83 6.50 6.55 6.73 6.91
Missing (N) 11 10 7 6 14
Cheapest ($)

Range® 2.78,9.00 3.94,9.75 239,899 3.69,9.69 3.99,9.00
Mean (SD) 4.47 (0.97) 5.10(0.84) 5.00 (0.85) 5.16(0.80) 5.39(0.84)
Median  4.41 5.10 5.00 5.00 5.27
Missing (N) 7 5 5 3 10
A stratified random sample of retailers were audited by trained fieldworkers during
daylight in late spring and summer months of each year. Prices are pre-tax.
® The maximum price of the cheapest cigarettes at a retailer is sometimes greater than the
maximum price of Marlboro Reds or Newport Menthols due to a retailer not offering
those brands or prices for those brands being missing.
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Table 11. Prices of Marlboro Reds, Newport Menthols, and cheap cigarettes at

Columbus, Ohio, tobacco retailers pre- and post-T21?

Change in Price (99% CI)

Marlboro Reds ~ Newport Menthols

Cheapest pack

Year (one-year increase) - 0.24 (0.19, 0.29)
Post-T21 0.08 (-0.06, 0.23) -
Pre-T21 0.25(0.19, 0.30) -

T21 implemented - -0.11 (-0.27, 0.05)

Convenience store or gas  -0.18 (-0.35, 0.00) -0.21 (-0.35, -0.07)
station

Census tract demographics
>20% below poverty level 0.10 (-0.15,0.35)  0.03 (-0.13, 0.19)
>25% black race 0.17 (-0.07,0.41)  0.02 (-0.14, 0.18)
% youth > county median -0.08 (-0.32, 0.16) -0.05 (-0.20, 0.11)

0.22 (0.16, 0.29)
-0.12 (-0.33, 0.10)

-0.14 (-0.40, 0.12)

0.09 (-0.38, 0.55)
-0.01 (-0.45, 0.43)
-0.30 (-0.74, 0.15)

Abbreviations: T21 = Tobacco 21; CI = Confidence interval

# A stratified random sample of retailers were audited by trained fieldworkers during
daylight in late spring and summer months of 2014, 2016, 2017, 2018, and 2019. Prices
are pre-tax. Mixed effects linear regression models with random intercepts were fit.
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Table 12. Distribution of categories of flavored tobacco products sold at Columbus,
Ohio, retailers by year®

Count of categories of flavored tobacco products sold

0 1 2 3 4
Year (N, [%])
2014 8(10.4) 4 (5.2) 12 (15.6) 18 (23.4) 48 (45.5)
2016 1(1.4) 3(4.1) 6(8.1) 17 (23.0) 59 (63.5)
2017 3(3.1) 33.1) 19 (19.4)  26(26.5) 59 (48.0)
2018 2(2.1) 2(2.1) 14 (14.7) 43(45.3) 45 (35.8)
2019 9(8.7) 7 (6.8) 10 (9.7) 23(22.3)  68(52.4)

# A stratified random sample of retailers were audited by trained fieldworkers during
daylight in late spring and summer months of 2014, 2016, 2017, 2018, and 2019.
Flavored products assessed included menthol cigarettes and flavored e-cigarettes, SLT,

and cigarillos.
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Table 13. Count of flavored tobacco products sold at Columbus, Ohio, tobacco retailers
pre- and post-T21?

4 vs 0-3 flavored products sold

aOR (99% CI)

T21 implemented 0.36 (0.13, 1.03)

Year (one-year increase) 1.29 (0.94, 1.77)

Convenience store or gas station 1.96 (0.76, 5.02)
Census tract demographics

>20% below poverty level 0.25 (0.08, 0.77)

>25% black race 0.51(0.17, 1.53)

% youth > county median 1.04 (0.35, 3.11)

Abbreviations: T21 = Tobacco 21; aOR = Adjusted odds ratio; CI = Confidence interval
# A stratified random sample of retailers were audited by trained fieldworkers during
daylight in late spring and summer months in 2014, 2016, 2017, 2018, and 2019.
Flavored products assessed included cigarettes, e-cigarettes, SLT, and cigarillos. Mixed
effects logistic regression models with random intercepts were fit.
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Table 14. Count of flavored and unflavored tobacco products advertised outside of
Columbus, Ohio, tobacco retailers pre- and post-T21?

Multiplicative change in

count (99% CI)

T21 implemented 1.39 (1.02, 1.90)

Year (one-year increase) 0.78 (0.67, 0.90)

Convenience store or gas station 1.10 (0.68, 1.78)
Census tract demographics

>20% below poverty level 0.74 (0.40, 1.37)

>25% black race 1.36 (0.76, 2.46)

% youth > county median 1.53 (0.87, 2.69)

Abbreviations: T21 = Tobacco 21; CI = Confidence interval

# A stratified random sample of retailers were audited by trained fieldworkers during
daylight in late spring and summer months in 2016, 2017, 2018, and 2019. Exterior
advertisements for menthol and non-menthol cigarettes; flavored and unflavored e-
cigarettes, SLT, and cigarillos; large cigars; and hookah were assessed. Mixed effects
Poisson regression models with random intercepts and robust standard errors were fit.
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Table 15. Count of tobacco products with interior or exterior price promotions at
Columbus, Ohio, retailers pre- and post-T21*

Multiplicative change in

count (99% CI)
Year (one-year increase)
Post-T21 1.29 (0.94, 1.78)
Pre-T21 0.79 (0.58, 1.07)
Convenience store or gas station 1.24 (0.80, 1.92)
Census tract demographics
>20% below poverty level 0.53 (0.29, 0.96)
>25% black race 0.87 (0.49, 1.55)
% youth > county median 1.10 (0.62, 1.94)

# A stratified random sample of retailers were audited by trained fieldworkers during
daylight in late spring and summer months in 2016, 2017, 2018, and 2019. Interior and
exterior price promotions for menthol and non-menthol cigarettes; flavored and
unflavored e-cigarettes, SLT, and cigarillos; large cigars; and hookah were assessed.
Mixed effects negative binomial regression models with random intercepts were fit.
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Figure 10. Studentized residuals plots for Marlboro price linear mixed models
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Figure 11. Studentized residuals plots for Newport price linear mixed models
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Figure 12. Studentized residuals plots for cheapest cigarette price linear mixed models
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Figure 13. Estimated price of one pack of Marlboro Reds before and after T21
implementation, Columbus, Ohio®

A stratified random sample of retailers were audited by trained fieldworkers during
daylight in late spring and summer months of 2014, 2016, 2017, 2018, and 2019. Prices
are pre-tax. Estimated mean prices were obtained from mixed effects linear regression
models with random intercepts. Models controlled for store type and census tract poverty
level, race, and percent youth.
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Figure 14. Estimated log-count of tobacco products with price promotions inside or
outside of retailers before and after T21 implementation, Columbus, Ohio?

# A stratified random sample of retailers were audited by trained fieldworkers during
daylight in late spring and summer months of 2016, 2017, 2018, and 2019. Estimated
mean log counts of promotions were obtained from mixed effects negative binomial
regression models with random intercepts. Models controlled for store type and census
tract poverty level, race, and percent youth.
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Figure 15. Distribution of count of tobacco products advertised outside of retailers in
Columbus, Ohio?

# A stratified random sample of retailers were audited by trained fieldworkers during
daylight in late spring and summer months in 2016, 2017, 2018, and 2019. Exterior
advertisements for menthol and non-menthol cigarettes; flavored and unflavored e-
cigarettes, SLT, and cigarillos; large cigars; and hookah were assessed.
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Figure 16. Distribution of count of tobacco products with price promotions at retailers in
Columbus, Ohio?

# A stratified random sample of retailers were audited by trained fieldworkers during
daylight in late spring and summer months in 2016, 2017, 2018, and 2019. Interior and
exterior price promotions for menthol and non-menthol cigarettes; flavored and
unflavored e-cigarettes, SLT, and cigarillos; large cigars; and hookah were assessed.
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Chapter 6. Discussion

The long-term goal of this research is to reduce the prevalence of tobacco use
among adolescents in the U.S. This research was organized using the social ecological
model, which describes that risk and protective factors for health behaviors occur at
multiple levels of influence.!® The advantage of using this model to study tobacco use
among adolescents is that it can be used to more comprehensively 1) understand why
adolescents use tobacco and 2) guide interventions to reduce tobacco use. In other words,
rather than focusing on only individual-level risk factors for using tobacco products,
consideration of risk factors at the community and policy levels provides additional
information about the context of one’s health behaviors. In the field of tobacco control, in
particular, this more comprehensive focus is important because policies aiming to reduce
tobacco use have been vital to the success of tobacco control in the U.S.!

Using the social ecological model’s framework, the current research studied risk
factors at the individual, community, and policy levels. In the Aim 1 study, where we
focused on the individual level, we evaluated whether e-cigarette use served as a gateway
to initiation of cigarettes and SLT in a cohort of adolescent males. Although several
observational studies have examined this research question,” ours was the first to use a
causal framework and the first to evaluate risk of SLT initiation, which remains a public

health threat—particularly in Ohio Appalachia.!”® In the Aim 2 study, where we focused
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on the community level, we described how parent-reported measures of perceived
neighborhood quality were associated with boys’ risk of initiating use of traditional and
emerging tobacco products. Unlike the few other studies that have evaluated this research

103,104211 ywe modeled incident rather than prevalent tobacco use and estimated

question,
risk of initiating multiple tobacco products rather than focusing on only cigarettes and e-
cigarettes. In the Aim 3 study, where we focused on the policy level, we modeled
trajectories in characteristics of the tobacco retail environment in a sample of Columbus,
Ohio, retailers. We then evaluated whether observed trajectories changed post-T21
implementation. By studying retailers in Columbus, Ohio, we were able to observe how
the retail environment changed after implementation of a strong T21 policy.

Across the three aims, we have advanced the understanding of risk factors for
tobacco use among adolescents at the individual, community, and policy levels of the
social ecological model. In the Aim 1 study, we identified that boys who had ever used e-
cigarettes had an increased risk of initiating ever and past 30-day use of cigarettes and
SLT. Because we conducted a propensity score matched analysis, the boys who had used
e-cigarettes were very similar to boys who had never used e-cigarettes—with the
exception of their e-cigarette use. Additionally, our use of multiple imputation to address
unit nonresponse allowed us to keep boys who had a higher risk of initiating use of other
tobacco products in the analytic sample. Together, the use of propensity score matching
and multiple imputation demonstrated that it is reasonable to think of e-cigarettes as a

“gateway” to ever and current use of other harmful tobacco products among adolescents.

We provided evidence that the observed associations between e-cigarette use and use of
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other tobacco products is likely driven by more than simply a common liability for using
tobacco.

In the Aim 2 study, we found that boys who lived in a physically disordered
neighborhood at age 10 had a greater short-term (i.e., instantaneous) risk of initiating
traditional tobacco products, including cigarettes, cigars, and SLT throughout
adolescence. These findings agreed with earlier literature that evaluated whether
perceived neighborhood quality was associated with past year and past 30-day cigarette
and e-cigarette use.'*>!% However, we did not find associations between other measures
of perceived neighborhood quality and risk of traditional tobacco product initiation, nor
did we find associations between perceived neighborhood quality and risk of emerging
tobacco product initiation. Reasons for these null results could be related to the
substantial attrition and young ages of many participants in our cohort, which resulted in
reduced power and a cohort that was at lower risk of tobacco use overall. Additionally,
we did not measure how stressful the boys themselves found their neighborhoods at age
10. Because some of the association between perceived neighborhood quality and
tobacco use is hypothesized to be mediated by stress, it is possible that boys found other
aspects of the neighborhood, such as social disorder, less stressful. Finally, it is possible
that the lack of association between perceived neighborhood quality and risk of emerging
tobacco product use was due to the novelty of e-cigarettes and hookah in the U.S. They
might have been more difficult to obtain than traditional tobacco products, for example.

In the Aim 3 study, we detected a change in the trajectories of the price of

Marlboro Reds and count of price-promoted products after T21 was implemented in
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Columbus, Ohio. In both cases, the change in trajectory resulted in products being
available for a lower price than they would have been if the pre-T21 trajectory had
continued. We identified no change in trajectory post-T21 in availability of flavored
tobacco products or count of tobacco products advertised outside of stores. These results
suggest that implementation of T21 might be associated with changes to the retail
environment that make at least some tobacco products more accessible to price-sensitive

young adults.

Implications for Policy

As stated above, an advantage of using the social ecological model to organize
this research was that the results of these three studies can be used to inform more
comprehensive tobacco control policies aiming to reduce adolescent use of tobacco
products. Our findings that youth who use e-cigarettes are at greater risk of becoming
ever and current users of cigarettes and SLT add additional evidence about the harm of
youth e-cigarette use, which can be used to support policies that make e-cigarettes less

260

appealing to youth. Such policies could include bans on flavors,”" strategies to raise e-

cigarette prices or raise the MLSA,*2%

or setting other product standards that ultimately
make e-cigarettes less addictive or less appealing to youth (e.g., regulating nicotine
content and/or pH). Additional research that models causal associations between

characteristics of e-cigarettes (e.g., specific flavors, nicotine content, or pH) and risk of

initiating other tobacco products, as well as escalation of e-cigarette use from
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experimentation to regular use and nicotine dependence, would be useful evidence in
support of these policies.

With additional research into the mechanisms underlying the association we
observed between perceived physical disorder and risk of traditional tobacco product
initiation among adolescents, there could be policy implications of our findings. For
example, other research has identified that density of tobacco retailers is higher in lower-
SES census tracts.>? There is evidence of increased tobacco advertising and lower
tobacco prices in these census tracts as well.>%3* If adolescents living in physically
disordered neighborhoods are susceptible to using tobacco because they are stressed,
these other characteristics only serve to make tobacco products more accessible.
Licensing and zoning laws that limit the density of tobacco retailers or prevent them
being within a certain proximity of locations frequented by youth could then be used to
reduce risk of tobacco initiation for adolescents living in these neighborhoods.
Additionally, strategies to raise prices (e.g., excise taxes or minimum price laws) could
further reduce risk of tobacco initiation among youth.

By raising the MLSA from 18- to 21-years-old, T21 reduces the prevalence of
tobacco use among youth and young adults.>* However, we identified that it may also be
associated with changes to the tobacco retail environment that ultimately make some
tobacco products more affordable. These changes could be mitigated through concurrent
implementation of an excise tax increase on tobacco products, minimum price laws,
and/or a ban on price discounts at tobacco retailers. As none of these policies restrict

speech, there are fewer legal challenges to their implementation than other tobacco
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control policies.?> Additional investigation into whether the tobacco industry increased
the coupons distributed to consumers through direct mail or other sources would also be
useful to support implementation of minimum price laws or coupon redemption bans.
Moreover, research into how consumers actually responded to the change in trajectories
in the price of Marlboro Reds and count of price-promoted tobacco products would help

to frame the public health impact of the above policies.

Implications for Future Research

Findings from this research provide direction for future research across levels of
the social ecological model. At the individual level, the results of the Aim 1 study could
be extended by identifying which aspects of e-cigarettes, exactly, increase the risk of
initiating use of other tobacco products. As described above, these factors might be
flavors, nicotine content, or pH—although it is also possible that nicotine dependence or
establishment of a behavioral habit (e.g., hand-to-mouth repetition) largely drives the
transition to other products. Additionally, continued study of risk and protective factors
for e-cigarette use among adolescents, particularly research that includes girls, would be
useful for informing prevention and cessation interventions. From the Aim 2 study,
research into individual-level factors that might mediate or moderate the association we
identified between physically disordered neighborhoods and risk of initiating traditional
tobacco products would be informative for developing tobacco prevention programming.
For example, if stress mediates this association, then interventions teaching healthy

coping mechanisms that are targeted to youth living in physically disordered
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neighborhoods could be a successful method to prevent initiation of traditional tobacco
products. From the Aim 3 study, future research could be used to describe how
individuals of different ages and socioeconomic positions respond to changes in tobacco
prices post-T21 implementation. In addition to potentially providing support for price-
raising policies that were described above, results of such research would identify groups
of people who could be targeted with tobacco prevention or cessation interventions
concurrent with the implementation of T21 policy to mitigate the effects of price-
discounting strategies.

At the community level, the Aim 1 study’s results could be extended by
evaluating factors in the neighborhood and school environments that might mediate or
moderate the causal associations we observed between e-cigarette use and initiation of
cigarettes and SLT. For example, neighborhoods with increased tobacco retailer density
or exterior advertising for tobacco products might provide an environment that increases
adolescents’ risk of transitioning from e-cigarettes to cigarettes or SLT. Conversely,
schools with strong tobacco prevention programs might decrease the risk of this transition
(and, ideally, decrease the risk of initiating of e-cigarettes). The Aim 2 study’s results
could also be extended with future work, as described above, that identifies whether some
of the association between living in a physically disordered neighborhood and initiation
of traditional tobacco products is due to increased tobacco retailer density or tobacco
marketing in those neighborhoods. Other research that evaluates whether social norms
related to tobacco use may vary according to perceived neighborhood quality, in general,

would be useful to better understand the associations we observed. The Aim 3 study’s
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results could be extended by studying the effects of T21 in different communities—
particularly if they implemented T21 at different times. These results would provide
insight into whether the changes in marketing practices post-T21 that we observed in
Columbus, Ohio, were in fact related to T21 policy or part of a larger change in
marketing trends. Results would be even more useful if community types varied by urban
and rural status, as well as by sociodemographic characteristics. As the current research
used mixed models, consideration of these community characteristics could potentially
lead to development of models that predict how the retail environment will change post-
T21 implementation in a given community.

At the policy level, future work related to Aim 1 could model the effects of
different policies that aim to reduce adolescent e-cigarette use on risk of initiating
cigarettes and SLT. The benefit of conducting this work would be providing further
public health justification for policies aiming to reduce e-cigarette use among youth.
Future work related to Aim 2 could model the effects of policies that reduce tobacco
retailer density on adolescent tobacco use in differing contexts of perceived
neighborhood quality. Future work related to Aim 3 could evaluate how the tobacco retail
environment might change if T21 is implemented concurrently with other tobacco control

policies, such as tax increases, minimum price laws, or price discounting bans.

Limitations

Across the three aims, this research has the following limitations. The first and

most important limitation was that each study was a secondary data analysis. In the ideal
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Aim 1 and Aim 2 studies, we would have started following participants from earlier ages,
and followed up with them more frequently, to 1) more accurately obtain their ages of
initiating tobacco use and reaching tobacco use milestones like progression to current use
or nicotine dependence, and 2) establish temporality of risk factors for tobacco initiation.
Additionally, the ideal Aim 1 and Aim 2 studies would have included girls to improve
generalizability of study results. In the ideal Aim 3 study, we would have sampled more
tobacco retailers in central Ohio that were not in Columbus. This would have allowed us
to better establish whether the changes we observed post-T21 implementation were
related to T21 implementation or simply a change in regional trends that was
simultaneous with but unrelated to T21 implementation. For all aims, it would have also
been useful to have longer follow-ups, so that in Aims 1 and 2 all participants aged into
young adulthood, and in Aim 3 we could have more confidence in our estimated time
trends of marketing practices.

A second, but related, limitation was that all studies only took place in Ohio.
Although the relatively high prevalence of tobacco use in Ohio makes it a good setting to
study adolescent tobacco use,>> our results would have been more generalizable if
studies had included participants and retailers from different regions of the U.S. A third
limitation, specific to the Aim 1 and Aim 2 studies, was that our measure of region was
coarse. By dichotomizing participants by urban vs. Appalachian status, we did not
capture the heterogeneity of the Appalachian region, which contains varying levels of
urbanicity and rurality as well as economic distress.'®® This dichotomization could have

left unmeasured confounding in our analyses.
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A fourth limitation was that most data for the three studies were collected prior to
the surge in JUUL use among adolescents in the U.S. In the Aim 1 and Aim 2 studies, the
last time point of data collection for all participants was completed between January of
2017 and August of 2018, which was at the same time that the prevalence of JUUL use
was increasing dramatically among adolescents.® Thus, with another year of follow-up, it
is possible that results of both studies could change as a result of the increase in e-
cigarette use in the cohort. Similarly, the implementation of T21 in Columbus, and
therefore our post-T21 data collection period, overlapped with the increase in JUUL’s
market share.!® It is possible, then, that the changes we observed in marketing practices
at Columbus, Ohio, retailers were actually due to tobacco companies responding to the

rapid rise of a new product.

Conclusion

In conclusion, patterns of tobacco use are changing rapidly among adolescents in
the U.S., with the prevalence of e-cigarette use soaring as the prevalence of using more
traditional tobacco products continues to decrease.>® The current studies evaluated risk
factors for use of emerging and tobacco products in the U.S. at the individual,
community, and policy levels of the social ecological model. Together, study results
provide direction for future research and justification for policies to reduce adolescent

tobacco use in the U.S.
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Appendix A. Measures

SA1 & SA2 Measures

Items asked to male youth

1. Have you ever tried cigarette smoking, even one or two puffs?
1) Yes
2) No
DON'T KNOW
REFUSED

2. How old were you when you first tried cigarette smoking, even one or two puffs?
Please enter age in years in the space provided.

-
DON’T KNOW

REFUSED

3. When was the last time you smoked a cigarette, even one or two puffs? Would you
say...
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1) Earlier today

2) Yesterday

3) Not yesterday or today but sometime during the past 7 days

4) Not during the past 7 days but sometime during the past 30 days

5) Not during the past 30 days but sometime during the past 6 months
6) Not during the past 6 months but sometime during the past year

7) 1 to 4 years ago

8) 5 or more years ago

DON'T KNOW

REFUSED

4. Have you ever used an e-cigarette, such as Smoking Everywhere, NJOY, Blu or Vapor
King, even one or two times?

1) Yes

2) No

DON'T KNOW
REFUSED

5. How old were you when you first tried an e-cigarette, even one or two times?
Please enter age in years.

-
DON’T KNOW

REFUSED
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6. Have you ever smoked a cigar, cigarillo, or filtered cigar, even one or two puffs?
1) Yes
2) No
DON'T KNOW
REFUSED

7. How old were you when you first tried a [cigar|cigarillo/filtered cigar], even one
or two puffs? Please enter age in years.

-
DON’T KNOW

REFUSED

8. Have you ever smoked tobacco in a hookah, even one or two puffs?
1) Yes
2) No
DON'T KNOW
REFUSED

9. How old were you when you first tried a hookah, even one or two puffs? Please enter

age in years.

DON’T KNOW
REFUSED
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10. Have you ever used any of the following smokeless tobacco products, even one or
two times?

DON'T
1) Yes 2) No KNOW REFUSED

Snus Pouches

Loose snus,

moist snuff,

dip, spit, or
chewing
tobacco

11. How old were you when you first tried [snus|smokeless tobacco], even one or
two times? Please enter age in years.

-
DON’T KNOW

REFUSED

12. When was the last time you used snus pouches, even one or two times? Would you
say?

1) Earlier today

2) Yesterday

3) Not yesterday or today but sometime during the past 7 days

4) Not during the past 7 days but something during the past 30 days
5) Not during the past 30 days but sometime during the past 6 months
6) Not during the past 6 months but sometime during the past year

7) 1 to 4 years ago

8) 5 or more years ago

DON'T KNOW

REFUSED
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13. When was the last time you used smokeless tobacco, even one or two times? Would
you say...

1) Earlier today

2) Yesterday

3) Not yesterday or today but sometime during the past 7 days

4) Not during the past 7 days but sometime during the past 30 days

5) Not during the past 30 days but sometime during the past 6 months
6) Not during the past 6 months but sometime during the past year

7) 1 to 4 years ago

8) 5 or more years ago

DON'T KNOW

REFUSED

14. Have you ever used alcohol?
1) Yes
2) No
DON'T KNOW
REFUSED

15. About how old were you when you first started drinking, not counting small
tastes or sips of alcohol? Please enter age in years in the space provided.

-
DON’T KNOW

REFUSED

16. Have you ever used marijuana, hash, THC, or grass?

1  Yes
2 No

DON’T KNOW
REFUSED

17. About how old were you when you first started using marijuana, hash, THC, or grass?
Please enter age in years.
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DON’T KNOW
REFUSED

18. The next questions are about things some people like to do. Please tell me how much
you agree or disagree with the following statements.
I would like to explore strange places. Do you...

1 Strongly disagree

2 Disagree

3 Neither agree nor disagree

4 Agree

5 Strongly agree

-8 DON’T KNOW

-7 REFUSED
19. I like to do frightening things. Do you...

1 Strongly disagree

2 Disagree

3 Neither agree nor disagree

4 Agree

5 Strongly agree

-8 DON’T KNOW

-7 REFUSED

20. I like new and exciting experiences, even if I have to break the rules. Do you...
1 Strongly disagree
2 Disagree
3 Neither agree nor disagree
4 Agree
5 Strongly agree
-8 DON’T KNOW
-7 REFUSED

21. I prefer friends who are exciting and unpredictable. Do you...
1 Strongly disagree
2 Disagree
3 Neither agree nor disagree
4 Agree
5 Strongly agree
-8 DON’T KNOW
-7 REFUSED

22. You will now read a list of 9 choices between two money rewards. Please circle the
reward you would prefer; the smaller reward today, or the larger reward in the specified
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number of days. You will not receive the rewards that you choose, but we want you to
make your decisions as though you were really going to get the rewards you choose.
The choices you make are completely up to you. Please select the option that you prefer,
not what you think others would want you to choose. We do not expect you to choose one
particular reward over another.

Today Future
Would you prefer $55 today or $75 in 61 days?
Would you prefer $31 today or $85 in 7 days?
Would you prefer $78 today or $80 in 162 days?
Would you prefer $67 today or $75 in 119 days?
Would you prefer $69 today or $85 in 91 days?
Would you prefer $80 today or $85 in 157 days?
Would you prefer $33 today or $80 in 14 days?
Would you prefer $54 today or $80 in 30 days?
Would you prefer $41 today or $75 in 20 days?
DON’T KNOW
REFUSED

23. What is your race? Choose all that apply.

1  White
Black or African American
Native American, American Indian or Alaska Native

Native Hawaiian or Other Pacific Islander
Other:

DON’T KNOW

REFUSED

24. What is your date of birth?

whn bk~ W N

MM/DD/YYYY

Items asked to parents/guardians
1. What is the highest grade or level of school you completed?

Less than high school

Some high school, no diploma
GED

High school graduate—diploma
Some college but no degree

ooooog
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Associate degree—occupational/vocational

Associate degree—academic program

Bachelor’s degree (ex: BA, AB, BS)

Master’s degree (ex: MA, MS, MEng, Med, MSW)
Professional school degree (ex: MD, DDS, DVM, JD)
Doctorate degree (ex: PhD, EdD)

DON’T KNOW

REFUSED

pooopoooog

2. How many current tobacco users over 18 years of age are in your household?

PERSONS
U DON’T KNOW
U REFUSED

3. Did you live with [boy] or in the same neighborhood as he did when he was 10?
1 Yes
2 No - SKIP TO END
-8 DON’T KNOW - SKIP TO END
-7 REFUSED - SKIP TO END

Finally, I’d like to ask you a few questions about the neighborhood [boy] lived in on his
tenth birthday (probe 5 grade if necessary). Please say whether you strongly agree,
agree, neither agree nor disagree, disagree, or strongly disagree.

4. Many people in your neighborhood were afraid to go outside at night.
1 Strongly agree
2 Agree
3 Neither agree nor disagree
4 Disagree
5 Strongly disagree
-8 DON’T KNOW
-7 REFUSED

5. There were areas of this neighborhood where everyone knows “trouble” is

expected.

1 Strongly agree

2 Agree

3 Neither agree nor disagree

4 Disagree

5 Strongly disagree

-8 DON’T KNOW
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-7 REFUSED

6. You’re taking a big chance if you walk in this neighborhood alone after dark.
1 Strongly agree
2 Agree
3 Neither agree nor disagree
4 Disagree
5 Strongly disagree
-8 DON’T KNOW
-7 REFUSED

7. 1 felt safe walking in this neighborhood.
1 Strongly agree
2 Agree
3 Neither agree nor disagree
4 Disagree
5 Strongly disagree
-8 DON’T KNOW
-7 REFUSED

8. Violence was a problem in this neighborhood.
1 Strongly agree
2 Agree
3 Neither agree nor disagree
4 Disagree
5 Strongly disagree
-8 DON’T KNOW
-7 REFUSED

9. I felt safe from crime in this neighborhood.
1 Strongly agree
2 Agree
3 Neither agree nor disagree
4 Disagree
5 Strongly disagree
-8 DON’T KNOW
-7 REFUSED

10. This was a close-knit neighborhood.
1 Strongly agree
2 Agree
3 Neither agree nor disagree
4 Disagree
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5 Strongly disagree
-8 DON’T KNOW
-7 REFUSED

11. People in that neighborhood were willing to help their neighbors.
1 Strongly agree
2 Agree
3 Neither agree nor disagree
4 Disagree
5 Strongly disagree
-8 DON’T KNOW
-7 REFUSED

12. People in that neighborhood generally didn’t get along with each other.
1 Strongly agree
2 Agree
3 Neither agree nor disagree
4 Disagree
5 Strongly disagree
-8 DON’T KNOW
-7 REFUSED

13. People in that neighborhood shared the same values.
1 Strongly agree
2 Agree
3 Neither agree nor disagree
4 Disagree
5 Strongly disagree
-8 DON’T KNOW
-7 REFUSED

14. People in that neighborhood could be trusted.
1 Strongly agree
2 Agree
3 Neither agree nor disagree
4 Disagree
5 Strongly disagree
-8 DON’T KNOW
-7 REFUSED
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15. Still thinking about the neighborhood [boy] [lived in when he was 10|currently
lives in], please say whether the following characteristics of that neighborhood
were a big problem, somewhat of a problem, or not a problem.

16. How much of a problem was litter, broken glass, or trash on the sidewalks and
streets?
1 A big problem
2 Somewhat of a problem
3 Not a problem
-8 DON’T KNOW
-7 REFUSED

17. How much of a problem was graffiti on buildings and walls?
1 A big problem
2 Somewhat of a problem
3 Not a problem
-8 DON’T KNOW
-7 REFUSED

18. How much of a problem was vacant or deserted houses or storefronts?
1 A big problem
2 Somewhat of a problem
3 Not a problem
-8 DON’T KNOW
-7 REFUSED

19. How much of a problem was drinking in public?
1 A big problem
2 Somewhat of a problem
3 Not a problem
-8 DON’T KNOW
-7 REFUSED

20. How much of a problem was people selling or using drugs?
1 A big problem
2 Somewhat of a problem
3 Not a problem
-8 DON’T KNOW
-7 REFUSED

21. How much of a problem was groups of teenagers or adults hanging out in the
neighborhood and causing trouble?
1 A big problem
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2 Somewhat of a problem
3 Not a problem

-8 DON’T KNOW

-7 REFUSED

22. How much of a problem was noise in the neighborhood?
1 A big problem
2 Somewhat of a problem
3 Not a problem
-8 DON’T KNOW
-7 REFUSED

23. How much of a problem was yelling or fighting?
1 A big problem
2 Somewhat of a problem
3 Not a problem
-8 DON’T KNOW
-7 REFUSED
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SA3 Measures

. Type of Store
Convenience store without gas

Gas convenience store (e.g. 7-Eleven, Exxon, Speedway, Duke & Duchess, BP,
Marathon)

Drug store/pharmacy (e.g. Walgreens, Rite Aid)
Beer, wine, or liquor store

Grocery store (e.g. small market/deli/produce market) or supermarket (e.g. Stop &
Shop, Kroger, Big Bear, IGA)

Mass merchandiser (e.g. Walmart, Costco, BJ’s, Sam’s Club) or discount store
(e.g. Dollar General, Family Dollar)

Tobacco shop (e.g. cigar shops)
Bar or restaurant

Hookah Cafe

Vape shop

Drive-Through

Other

Display This Question:

If Type of Store = Other

2. If "other" type of store, specify:
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3. External Ads: Which products are advertised outside the store (on windows/doors,
building, sidewalk, parking lot or elsewhere)? Reminder--advertisements can be with or
without prices.

Cigarettes, non-menthol
Cigarettes, menthol
E-Cigarettes, unflavored
E-Cigarettes, flavored
Chew, snuff, or snus, unflavored
Chew, snuff, or snus, flavored
Cigarillos/Little Cigars, unflavored
Cigarillos/Little Cigars, flavored
Large Cigars
Hookah
On! nicotine crystals
Non-branded (e.g, "the best cigars in town")
No External Ads
4. External Promotions: Which products have promotions outside the store (on

windows/doors, building, sidewalk, parking lot or elsewhere)? Reminder--promotions
are offering a special/cheaper price.

Cigarettes, non-menthol
Cigarettes, menthol
E-Cigarettes, unflavored
E-Cigarettes, flavored

Chew, snuff, or snus, unflavored
Chew, snuff, or snus, flavored
Cigarillos/Little Cigars, unflavored
Cigarillos/Little Cigars, flavored
Large Cigars

Hookah

On! nicotine crystals

No External Promotions
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5. What products are sold here?
Cigarettes, non-menthol
Cigarettes, menthol
E-Cigarettes, unflavored
E-Cigarettes, flavored
Chew, snuff, or snus, unflavored
Chew, snuff, or snus, flavored
Cigarillos/Little Cigars, unflavored
Cigarillos/Little Cigars, flavored
Large Cigars
Hookah, unflavored
Hookah, flavored
Hookah that is nicotine free
Heat Not Burn Products (e.g., Revo)
On! nicotine crystals
No Tobacco Products Sold

6. What products are promoted inside the store?
Cigarettes, non-menthol
Cigarettes, menthol
E-Cigarettes, unflavored
E-Cigarettes, flavored
Chew, snuff, or snus, unflavored
Chew, snuff, or snus, flavored
Cigarillos/Little Cigars, unflavored
Cigarillos/Little Cigars, flavored
Large Cigars
Hookah
On! nicotine crystals

No Inside Promotions
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7. Are any of these products being sold?
Marlboro Reds
Newport Green Full Flavor
Blu disposable e-cigarette (magnificent menthol variety)

None

Display This Question:

If Are any of these products being sold? = Marlboro Reds

8. Marlboro Red advertised price:

Display This Question:

If Are any of these products being sold? = Newport Green Full Flavor

9. Newport Green Full Flavor advertised price:
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Display This Question:

If Are any of these products being sold? = Blu disposable e-cigarette (magnificent
menthol variety)

10. Blu disposable e-cig advertised price:

Display This Question:

If What products are sold here? = Cigarettes, non-menthol

Or What products are sold here? = Cigarettes, menthol

11. Cheapest cigarette pack in the store:
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Appendix B. Proof of Distribution-Level Balance Being Acceptable for Estimating the
Average Treatment Effect

Estimation of Treatment Effect

Model B1. In the model below, the value of some outcome, Y, depends on

treatment assignment, T, covariates, X, and random error.
Y=00+p:iT+p,X+¢
This model can be written as the following two expectations:
E(YIT =1) = By + 1 + B2X7=1
EY|T =0) =B+ ,82)_(T=0

The average treatment effect, then, can be estimated by calculating E(Y|T=1) —
E(Y|T=0). As this quantity depends on the mean of X, not individual values of X,
achieving distribution-level balance is acceptable for estimating the average treatment

effect.
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