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Abstract
Studies have shown e-cigarette use surged among youth, but there is limited literature
about how youth perceived the harm of these products. In this dissertation study,
perceived harm of e-cigarettes and e-cigarette use over time among youth in the United
States was explored. The dissertation study also included assessment of associations
between perceived harm and susceptibility to e-cigarette use. A subset of data from
Wave 1 and Wave 2 of the Population Assessment of Tobacco and Health (PATH) study,
a national longitudinal study, was utilized. The PATH study used a questionnaire to
capture self-reported data from non-institutionalized participants. Data from 12,154
youth who participated in the PATH study were analyzed. The results showed perceived
harm of e-cigarettes changed over time among youth and changes in perceived absolute
harm of e-cigarettes coincided with changes in e-cigarette use. The results also indicated
that perceived absolute harm of e-cigarettes was associated with susceptibility to use of e-
cigarettes and susceptibility to use of e-cigarettes was associated with subsequent e-
cigarette use. With the dissertation study, the need for integration of perceived harm of
e-cigarettes into tobacco control strategies aimed at reducing e-cigarette use among youth
was underscored.

Keywords: E-cigarettes, tobacco, youth, perceived harm
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Chapter 1: Introduction
Introduction to the Chapter

Electronic cigarette (e-cigarette) use among youth is a major public health
concern. This chapter includes the background, statement of the problem investigated,
and the goals achieved. In this chapter, the significance, purpose, and need for the study
are described and the research questions and hypotheses investigated are presented. In
addition, definition of terms and a brief summary of the information are presented.

Background to the Problem

Emerging nicotine delivery systems, such as e-cigarettes, offer a new way for
tobacco experimentation and use among youth (U.S. Department of Health and Human
Services [USDHHS], 2016). E-cigarettes dominated debates about innovative tobacco
product development within the tobacco harm trajectory. The long-term health effects of
e-cigarettes are unknown, yet these products have increased in popularity and use among
youth in the United States (US; Corey et al., 2013). Between 2017 and 2018, e-cigarette
use increased among middle and high school students, by 48% and 78%, respectively
(Cullen et al., 2018). In 2018, more than three million middle and high school students
were e-cigarette users (Cullen et al., 2018).

The use of any tobacco product by youth raises significant public health concerns
(USDHHS, 2012). Tobacco products contain nicotine, a chemical compound that causes
addiction and prolongs tobacco use, which accelerates the development of chronic
disease across the lifespan (USDHHS, 2012, 2014). Furthermore, nicotine exposure

during adolescence may have adverse health effects on brain development and could lead



to addiction (USDHHS, 2012, 2014). Efforts to reduce youth initiation and prevalence of
tobacco products are critical to public health (USDHHS, 2012, 2014).
Statement of the Problem

The adverse health consequences of tobacco use are well documented. The
Centers for Disease Control and Prevention (CDC) reported that tobacco use continues to
be the leading cause of preventable death in the United States (CDC, 2016b). Trends in
tobacco use indicate that uses of e-cigarettes have surpassed use of conventional
cigarettes among youth (Arrazola et al., 2015; National Institute on Drug Abuse [NIDA],
2014). This is problematic because longitudinal data on conventional cigarette use
indicated most tobacco use behaviors begin in youth or young adulthood (USDHHS,
2012, 2014). In addition, there are concerns about how e-cigarettes are perceived by
youth and the factors influencing their use. E-cigarettes are relatively new to the United
States market; therefore, longitudinal data to assess how perceived harm influence e-
cigarette use are scant.

The goal of this study was to explore perceived harm of e-cigarettes and e-
cigarette use overtime among youth in the United States. The investigator used responses
to questions from Wave 1 and Wave 2 of the Population Assessment of Tobacco and
Health (PATH) study to achieve the research goal. Wave 1 data were collected
September 2013 to December 2014 and Wave 2 data were collected October 2014 to
October 2015 by Westat. The PATH study was sponsored by a collaborative partnership
between the National Institute of Health and the U.S. Food and Drug Administration
(FDA). The study data are available to the public from the Inter-university Consortium

for Political and Social Research (ICPSR, 2017).



The investigator used data from the PATH study to assess changes in perceived
harm of e-cigarettes overtime among youth in the United States and to determine whether
perceived relative harm of e-cigarettes compared with conventional cigarettes was
associated with subsequent use of e-cigarettes. The investigator assessed whether
perceived harm was associated with susceptibility to use e-cigarettes and whether
susceptibility to use e-cigarettes was associated with subsequent use of e-cigarettes. The
results from this study are useful for developing effective tobacco control programs,
public policies, and research to reduce youth initiation and use of e-cigarettes.

Relevance

E-cigarette use among youth surged in the United States at an alarming rate.
These products were introduced in the United States in 2007, and by 2014, they were the
most popular tobacco product among youth (Arrazola et al., 2015). This increase in e-
cigarette use raised significant public health concerns due in part to the potential negative
health effects and the increase risk of addiction to tobacco products during adolescence
(USDHHS, 2012). In addition, e-cigarette use may serve as a gateway to use of
conventional cigarettes and other tobacco products, which may potentially renormalize
tobacco use (Fairchild, Bayer, & Colgrove, 2014; Rigotti, 2015). These significant
concerns have underscored the need for public health actions to reduce e-cigarette use
among youth.

An issue of concern was the extent to which perceived harm related to e-cigarettes
influenced use of e-cigarettes among youth (Amrock, Zakhar, Zhou, & Weitzman, 2015;
USDHHS, 2016). Studies indicated personal health beliefs partly determined smoking

behavior. Smokers were less likely than non-smokers to believe smoking caused adverse



health consequences (Aryal & Bhatta, 2015; Murphy-Hoefer, Alder, & Higbee, 2004;
Song et al., 2009). However, less is known about youth perceived harm in the context of
e-cigarettes (Pepper & Brewer, 2014). Studies about perceived harm of e-cigarettes
among adults showed e-cigarettes were perceived to be less harmful than conventional
cigarettes (Adkison et al., 2013; Choi & Foster, 2013, 2014, Etter & Bullen, 2011;
Goniewicz, Kuma, Gawron, Knysak, & Kosmider, 2013; Pearson, Richardson, Niaura,
Vallone, & Abrams, 2012).

Research studies about perceived harm related to e-cigarettes among youth are
scant. Ambrose et al. (2014) utilized cross-sectional data from the 2012 National Youth
Tobacco Survey (N = 24,658) to assess the relative harm perceptions of e-cigarettes in
comparison to conventional cigarettes among youth. The study results indicated that one
out of every three student perceived e-cigarettes as less harmful than conventional
cigarettes. Likewise, Amrock et al. (2015) utilized cross-sectional data from the 2012
National Youth Tobacco Survey to assess perceived harm of e-cigarettes among
adolescents and found 34.2% of those who were aware of e-cigarettes perceived them as
less harmful compared to conventional cigarettes. Longitudinal studies that examine
perceived harm of e-cigarettes overtime among youth are scant. Furthermore, studies
assessing association between perceived harm of e-cigarettes and use of e-cigarettes
among youth are limited.

The dearth of research about perceived harm of e-cigarettes and subsequent use of
e-cigarettes among youth may be due to various intertwined factors. These factors may
include (a) the lack of longitudinal data on this topic, (b) complexity with processing and

analyzing the data, (c) study associated time and cost, (d) access to data on the population



of interest, and (e) sensitivity and ethical issues with conducting research involving
youth. Available data from Wave 1 and Wave 2 of the PATH study presented an
opportunity to generate knowledge in this rarely explored area.

This dissertation study helped to fill this gap and expanded the literature about
perceived harm related to susceptibility and use of e-cigarettes among youth in the United
States. The study was framed within the theory of reasoned action. This theory was
introduced by Fishbein in 1967, and later refined by Fishbein and Ajzen in 1975. The
theory presents that “beliefs influence attitudes and subjective norms; these two
components influence intentions; and intentions influence behavior” (Ajzen & Fishbein,
1980, p. 80). Under this framework, the dissertation study utilized secondary, de-
identified data from the PATH study to examine relationships between perceived harm,
intentions (e.g., susceptibility to use e-cigarettes), and e-cigarette use. The belief that was
examined in the dissertation study is perceived harm related to e-cigarettes. Intention
was assessed in terms of susceptibility to use e-cigarettes. The behavior of interest for
the dissertation study was e-cigarette use. The dissertation study did not address
subjective norms.

Elements

The dissertation study addressed two research aims with two accompanying
research questions and four hypotheses, which were explored quantitatively. The first
aim was to assess changes in perceived harm of e-cigarettes overtime among youth in the

United States.



Research Question 1. How has the perceived absolute harm of e-cigarettes and
relative harm of e-cigarettes compared with conventional cigarettes changed
between Wave 1 and Wave 2 among a cohort of youth?

Research Question 2. Do changes in the perceived absolute harm of e-
cigarettes coincide with changes in e-cigarette use status between Wave 1 and

Wave 2?

The second aim was to examine the associations between perceived harm of e-

cigarettes, susceptibility to use of e-cigarettes, and e-cigarette use.

Hypothesis 1 (Ho). Perceived relative harm of e-cigarettes compared with
conventional cigarettes, age, gender, and smoking status are not associated
with e-cigarette use at Wave 1.
Hypothesis 2 (Ho). Among e-cigarette non-users at Wave 1, perceived relative
harm of e-cigarettes compared with conventional cigarettes, age, gender, and
smoking status are not associated with subsequent use of e-cigarettes at Wave
2.
Hypothesis 3 (Ho). Among e-cigarette non-users at Wave 1, perceived harm of
e-cigarettes is not associated with susceptibility to use of e-cigarettes.
Hypothesis 4 (Ho). Susceptibility to use of e-cigarettes at Wave 1 is not
associated with use of e-cigarettes at Wave 2.

Definition of Terms
Belief refers to an individuals’ perception about consequences of a specific

behavior (Azjen & Fishbein, 1980).



Cigarette smoker refers to having tried smoking conventional cigarettes even
one or two puffs.

Conventional cigarette refers to a roll of tobacco wrapped in paper or in any
substance not containing tobacco and offered to consumers as a cigarette or
roll-your-own tobacco (FDA, 2018).

E-cigarette refers to battery-operated vaporizers that simulate smoking a
cigarette and may contain nicotine, but do not involve the burning of tobacco
(CDC, 2014).

E-cigarette use refers to having tried an e-cigarette even one or two times.
Electronic nicotine delivery systems refer to products that vaporize a solution
which the user inhales. In addition to nicotine, when nicotine is present, the
primary constituents are propylene glycol with or without glycerol and
flavoring agents (World Health Organization [WHO], 2014b).

Not susceptible to e-cigarette use refers to a firm intention not to try an e-
cigarette.

PATH refers to the Population Assessment of Tobacco and Health survey.
Perceived absolute harm refers to how much an individual thinks people harm
themselves when they use e-cigarettes.

Perceived relative harm refers to perception of the harmfulness of e-cigarettes
compared with conventional cigarettes.

Susceptible to e-cigarette use refers to the absence of a firm intention not to
try an e-cigarette.

Youth refer to individuals who are age 12 to 17.



Summary

The popularity and use of e-cigarettes among youth have increased. Trends in
tobacco use indicate uses of e-cigarettes surpassed use of cigarettes among youth
(Arrazola et al., 2015). Furthermore, between 2017 and 2018, e-cigarette use increased
among middle and high school students by 48% and 78%, respectively (Cullen et al.,
2018). Perceived harm in the context of e-cigarette use among youth has only been
examined in a few studies, and longitudinal data on this issue are sparse. The dissertation
study used longitudinal data from a cohort of youth in the United States to explore youth
perceived harm related to e-cigarettes. Chapter 1 included an introduction to the study.

In Chapter 2, the review of relevant literature is presented.



Chapter 2: Review of the Literature
Introduction to the Chapter

A review of relevant literature pertinent to the study concepts and theoretical
framework are presented in this chapter. The chapter is organized into five sections. In
the first section, the historical overview of research literature is presented. In the second
section, the theoretical framework is presented. In the third section, relevant research
literature about e-cigarettes is presented. In the fourth section, information that is known
and unknown about e-cigarette use among youth is summarized. In the fifth section, the
contributions of the study to tobacco control are discussed. This chapter also includes a
brief summary of the information.

Historical Overview

E-cigarettes have epitomized an evolution in a long history of tobacco products
and were the most popular prototype of the electronic nicotine delivery systems category
(USDHHS, 2016). They were introduced in the United States in the 2007 and have since
surged in popularity and use (USDHHS, 2016). Trends in tobacco use indicated that use
of e-cigarettes have surpassed use of conventional cigarettes among youth (Arrazola et
al., 2015; NIDA, 2014). E-cigarettes were promoted as a safer alternatives to conventional
cigarettes (USDHHS, 2016). As such, the historical overview of conventional cigarettes is
relevant to the evolution of e-cigarettes. Conventional cigarettes were a major tobacco product
innovation that appeared in the United States in the early 19" century. Prior to that time, tobacco
was predominantly used for chewing, pipe smoking, inhaling, and cigar smoking (USDHHS,
2000). The distinct features that separated conventional cigarettes from other forms of tobacco

products had a critical role in their availability and use as a cheaper tobacco form that drove an

increase in tobacco use (USDHHS, 2000).
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Conventional cigarette smoking surged in the early 20" century due in part to
technological advances for mass production, growth of a consumer culture, and effective
national advertising and promotion (USDHHS, 2016). Early concerns about tobacco use
focused on hygiene and moral issues; however, as conventional cigarette use increased,
the apparent risks associated with tobacco use became apparent (USDHHS, 2016). Early
studies had links between conventional cigarette smoking and adverse health conditions.
One epidemiological study published in 1938 indicated smoking to be associated with an
impairment of longevity (USDHHS, 2016). Additional studies demonstrating
associations between smoking and overall mortality emerged in the late 1940s and early
1950s, but it was the landmark 1964 surgeon general’s report on smoking and health that
gave credence to the dangers of smoking (USDHHS, 2000). This report was pivotal to
generating interest in efforts to stem the use of tobacco products (USDHHS, 2000).
Since then, the knowledge of the health consequences of tobacco use has vastly expanded
(USDHHS, 2016).

The morbidity and mortality related to tobacco use are well documented. The
CDC (2016b) affirmed that conventional cigarette smoking leads to morbidity and is the
leading cause of preventable death in the United States. Conventional cigarette smoking
harms nearly every organ and organ system in the body and is responsible for an
estimated 480,000 deaths annually in the United States (USDHHS, 2014). There is an
estimation that in 2009, approximately 14 million individuals had at least one lifetime
smoking-related serious medical condition, including cancer, heart attack, stroke,
diabetes, or chronic obstructive pulmonary disease (Rostron, Chang, & Pechacek, 2014).

In 2014, projections for the effect of smoking on health indicated that 5.6 million youth
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currently age 0 to 17 will die prematurely from smoking-related illnesses, and the annual
smoking-attributable economic cost exceeded $280 billion (USDHHS, 2014).

The primary active ingredient in tobacco products is nicotine, a chemical
compound that causes addiction (USDHHS, 2012, 2014). The various vehicles used for
nicotine delivery have distinct features and social susceptibilities. Nicotine delivery was
crucial to the development of conventional cigarettes in the 20" century and is a major
component of the diverse class of e-cigarettes (USDHHS, 2016). Use of any tobacco
products by youth raised significant concerns because in addition to the significant
adverse health outcomes, addiction to tobacco products may occur in those who
experiment or start using tobacco products in adolescence (USDHHS, 2012). “Nicotine
exposure during adolescence, a critical window for brain development, may have lasting
adverse consequences for brain development” (USDHHS, 2014, p. 37). Because the
majority of adult smokers reported that they started smoking during youth or young
adulthood, efforts to reduce youth initiation and prevalence of tobacco products are
critical to public health (USDHHS, 2012, 2014). Mitigating youth use of e-cigarette is a
major public health priority (CDC, 2016a).

The brain continues to develop and undergo changes during adolescence.
Introducing drugs during this time period may have long-lasting effect (USDHHS, 2016).
According to NIDA (2018b), people often use drugs to feel good, feel better, do better, or
due to curiosity and social pressure. The prefrontal cortex, the brain’s rational region, is
still maturing during adolescence, which places them at increased risk for making poor
decisions (USDHHS, 2016). Although the initial decision to use drugs were usually

voluntary, continued use could impair self-control, which is the hallmark of addiction
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(NIDA, 2018b). Biological and environmental factors can increase the risk of addiction.
These factors included genes, stage of development, gender, ethnicity, family, school,
and neighborhood (NIDA, 2018b).
Ilicit Substance Use

Understanding the extent of illicit substance use among youth may provide insight
into e-cigarette use. Monitoring the Future tracked various illicit substance use and
related factors among eighth-, tenth-, and 12"-grade students in the United States. These
substances included marijuana, inhalants, lysergic acid diethylamide (LSD), cocaine,
crack, amphetamines, methamphetamine, heroin, narcotics, hallucinogens, ecstasy,
Molly, alcohol, tobacco products, and steroids (Johnston et al., 2019). Johnston et al.
(2019) found the factors related to illicit substance use were specific to each substance
and perceived benefits, perceived adverse outcomes, peer norms, and availability were
associated with use. An analysis of the Monitoring the Future national survey results
from 1975 to 2018 showed that since 2011, the proportion of students who used illicit
substances remained between 48% to 50% (Johnston et al., 2019). However, prior to
2011, distinct fluctuations in the trends in illicit substance use were noted. Between 1975
and 1981, illicit substance use among students increased from 55% to 66% and between
1981 and 1992 decreased from 66% to 41%. However, between 1992 and 1999 illicit
substance use increased from 41% to 55% and between 1999 and 2009 decreased from
55% to 47%. Marijuana was the most used illicit substance among students (Johnston et
al., 2019). Vaping of various substances were also monitored. The Monitoring the
Future survey on vaping was revised in 2017 to capture vaping of specific substances

such as nicotine (e.g., e-cigarettes). Between 2017 and 2018, nicotine vaping surged 10
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percentage points, which was the largest recorded increase in any specific substance use
in the 44 years of the Monitoring the Future survey (Johnston et al., 2019). According to
Johnston et al. (2019), the nicotine vaping prevalence rate among students in the 12'"-
grade was 30%.

Several researchers have reported on interventions aimed at reducing substance
use among youth. Cuijpers (2002) conducted a systematic review of the literature to
identify characteristics of effective drug prevention programs. The findings showed most
programs often contained the following elements: have proven effects, used interactive
delivery methods, used social influence model, focused on norms, included commitment
and intention not to use, added community interventions, used peer leaders, and added
life skills. Despite these key features, it was difficult to ascertain effective characteristics
of drug prevention programs due to variability in interventions, formats, targets, targeted
substances, age groups, and theoretical frameworks (Cuijpers, 2002).

Edalati and Conrod (2019) evaluated a personality-targeted interventions program
with high-risk adolescents. The program was embedded in the community and offered
substance use intervention at school levels to high-risk adolescents who otherwise may
not have had access to these types of programs. The findings indicated targeting risk
factors, such as anxiety, impulsivity, sensation seeking, hopelessness, and sensitivity,
reduced rates of alcohol and illicit drug use and substance-related harms by
approximately 50%, and the effects lasted for up to 3 years (Edalati & Conrod, 2019).

Das, Salam, Arshad, Finkelstein, and Bhutta (2016) conducted a systematic
review of the literature on intervention for substance abuse in adolescents and found the

most evaluated programs were school-based. The findings indicated different effective
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approaches based on the program targets. Interventions for tobacco use or smoking
included school-based prevention programs, family-based interventions, and mass media
campaigns. Interventions for drug abuse, including interventions against drugs and
cannabis use, included school-based interventions based on combination approaches
focusing on social competence and social influences. The researchers noted a lack of
data on the deferential effects of programs based on gender or contextual factors. In
addition, there was a lack of data on sustainability and long-term effect of substance
abuse programs. Furthermore, the effectiveness of Internet-based interventions, policy
initiatives, and incentives were unknown, and there was a lack of standardized measures
for interventions and outcomes (Das et al., 2016).

NIDA advocated for research-based prevention programs at the parental, school,
and community levels that enhance protective factors and reverse or reduce risk factors
(NIDA, 2018b). According to NIDA, research indicated protective factors included good
self-control, parental monitoring and support, positive relationships, good grades, school
anti-drug policies, and neighborhood resources. On the other hand, risk factors included
aggressive behavior in childhood, lack of parental supervision, poor social skills, drug
experimentation, availability of drugs in schools, and community poverty (NIDA,
2018b). NIDA'’s drug abuse prevention programs for children and adolescents included
universal, selective, or indicated approaches, depending on the target audience (NIDA,
2018b). NIDA’s universal programs were designed to address common risk and
protective factors for all children in a specific setting (e.g., school or community). The
selective programs were intended to be used to target groups of children and adolescents

who have specific factors that increased their risk of drug use. The indicated programs
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were intended to be used to target youth who have already started using drugs (NIDA,
2018b). Common features among the various substance abuse programs for youth
included targeted interventions.

Theoretical Framework

The theory of reasoned action is a useful framework for identifying key
behavioral and normative beliefs for which targeted interventions can be designed to
change intentions and behavior (Glanz, Lewis, & Rimer, 1997). The theory of reasoned
action presents a framework for assessing relationships among beliefs, attitudes, norms,
intentions and behavior (Ajzen & Fishbein, 1980). With the PATH study, aspects of
these constructs were captured in the context of tobacco use. The PATH study presents
data on factors influencing tobacco use, including data on beliefs, such as harm
perception, susceptibility to use e-cigarettes, and e-cigarette use (ICPSR, 2017).

The theory of reasoned action contends that individuals consider the implications
of their actions before they decide whether or not to part take in a given behavior. The
theory presents the idea that intention is the immediate determinant of an action, meaning
intention predicts behavior (Ajzen & Fishbein, 1980). According to Ajzen and Fishbein
(1980), intention is the function of attitudes and norms. The authors postulated that
attitudes are a function of beliefs. They explained that behavioral beliefs are the beliefs
underlying a person’s attitudes towards a behavior, whereas normative beliefs are the
beliefs that formulate a person’s perceived social norms (Ajzen & Fishbein, 1980).

Several health researchers have used the theory of reasoned action (Glanz et al.,
1997). Gimenez-Garcia et al. (2013) assessed the influence of culture for perceived risk

of HIV infection and condom use among young people with Mexican and Spanish origin.



16

The study was guided by the theory of reasoned action. The study variables included (a)
the perception of HIV risk and fear of infection, (b) the perception of high-risk groups of
becoming infected, (c) the perceived severity of HIV infection, (d) the perceived
reliability of the use of condoms, (e) the barriers of condom use as a preventive method,
(F) the notion of self-efficacy in some situations related to condom use, (h) the behavioral
intention of using condom in a future sexual situation, and (i) the use of condoms in
different practices (vaginal, anal, and oral sex) and situations (casual partner, steady
partner, and after using drugs). The researchers found differences between the risk
behavior profiles based on origin or gender. The findings showed Mexican participants
exhibited higher levels of perceived risk or severity of HIV while Spanish participants
exhibited higher levels of the fear of HIV. In addition, the researchers found predictors
of condom use differed depending on origin and gender. The authors recommended
considering cultural differences when developing strategies to prevent HIV transmission
(Gimenez-Garcia et al., 2013).

Constructs from the theory of reasoned action were used by researchers to
examine behavioral beliefs and normative beliefs associated with the use of waterpipes to
smoke tobacco. The researchers found that current smoking status, including use of
waterpipes, predicted smoking intentions (Noonan & Kulbok, 2012). Martinasek,
Haddad, Weldon, and Barnett (2017) explored behavioral beliefs, subjective norms,
attitudes, and behavioral intention among smokers of waterpipe tobacco. The study was
also guided by the theory of reasoned action. The participants included students from a
liberal arts university in Florida. The data were collected via email with the use of a

cross-sectional survey. Participants were asked to report their beliefs and opinions using
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a seven-point Likert scale ranging from extremely unlikely to extremely likely related to
(a) physical, (b) mental, (c) social, (d) recreational, (e) cultural, and (f) health. The health
belief items included perceived harm. The researchers also measured attitudes towards
waterpipe smoking, subjective norms, and intentions to smoke a hookah. The researchers
found associations between smoking behavior and the constructs from the theory of
reasoned action. The beliefs reported by smokers were more strongly related to attitudes
towards hookah than with subjective norms (Martinasek et al., 2017).

In another study, researchers applied the theory of reasoned action to examine the
influence of beliefs about the addictiveness of e-cigarettes, e-cigarette advertising appeal,
and tobacco use behaviors to predict behavioral intention to use an e-cigarette in the near
future (Trumbo & Kim, 2015). Beliefs about the addictiveness of e-cigarettes were
measured in terms of whether e-cigarettes were less addictive than conventional
cigarettes. Appeal of e-cigarette advertising was measured in terms of whether a product
and advertisement was enjoyable, likable, or appealing. Attitudes were measured in
terms of having positive assessments of e-cigarettes as a new form of smoking and norms
were measured in terms of positive perception that significant others would approve of e-
cigarette use. The researchers found beliefs that e-cigarettes were not as addictive as
conventional cigarettes were independently associated with intention to use e-cigarettes.
In this study, 32% of participants believed or strongly believed that e-cigarettes were not
as addictive as conventional cigarettes. The researchers also found significant
associations between appeal, attitudes, and norms. Furthermore, they found that attitudes

and norms were associated with intentions (Trumbo & Kim, 2015).
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The predictive value of the theory of reasoned action was examined by Sheppard,
Hartwich, and Warshaw (1988). They conducted two meta-analyses of studies, which
utilized the theory of reasoned action, to investigate the effectiveness of this model.
These studies were conducted across a wide range of contexts, including smoking
cigarettes, donating blood, and use of birth control pills. One meta-analysis included 87
studies of the relationship between intention and behavior across different domains. The
other meta-analysis included 87 separate studies of the relationship between attitude,
subjective norm, and intention. The meta-analyses were used to support the predictive
value of the theory of reasoned action and showed that the predictive utility of the model
remained strong across conditions (Sheppard et al., 1988). Cooke and French (2008) also
conducted a meta-analysis of studies utilizing the theory of reasoned action and the
theory of planned behavior in the domain of screening attendance. The researchers
examined the strength of the relationships between (a) attitude and intention, (b)
subjective norm and intention, (c) behavior control and intention, (d) intention and
behavior, and (e) perceived behavior control and behavior. Thirty-three studies were
included in the analysis. The researchers found that attitudes had a large-sized
relationship with intentions and subjective norms had a medium-sized relationship with
intentions across studies (Cooke & French, 2008).

Limitations of the theory of reasoned action included factors not captured under
this theoretical framework. The focus of the underlying concepts of the theory of
reasoned action is on attitudes towards a behavior and subjective norms to understand
and predict behavior intention (Ajzen & Fishbein, 1980). This theoretical framework

does not capture personality characteristics, demographic variables, social roles, or goal
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intentions (Ajzen & Fishbein, 1980). Furthermore, factors involving choices among
alternatives or perceived control over a behavior are outside the limits of this theory
(Ajzen & Fishbein, 1980; Glanz et al., 1997; Sheppard et al., 1988). The theory of
reasoned action is best used with prospective study designs as cross-sectional designs
may not discern sequence of events (Glanz et al., 1997; Sheppard et al., 1988).
Research Literature Specific to the Topic

E-Cigarette Attributes

E-cigarettes were distinguishable from conventional cigarettes in that
conventional cigarettes burned the tobacco leaf, whereas e-cigarettes vaporized liquid
that contains nicotine for the purposes of inhaling (WHO, 2014a). Although product
attributes, design, and ingredients may vary by manufacturer, e-cigarettes typically
consisted of an integrated structure containing a cartridge filled with a humectant carrier
(such as propylene glycol or glycerin) mixed with varying concentrations of chemicals
with nicotine or non-nicotine solution and a heating element powered by battery, which
turned the liquid substance into an aerosol that was inhaled by the user (Cobb, Byron,
Abrams, & Shields, 2010; FDA, 2015). Most e-cigarettes resembled conventional
cigarettes, cigars, or pipes, but some looked like everyday items, such as pens and USB
memory sticks (FDA, 2015; WHO, 2014b). Zhu et al. (2014) conducted Internet
searches for e-cigarettes on English-language Web sites and found over 460 brands and
over 7,760 unique flavors of e-cigarettes on the market. The most common ingredients
listed on e-cigarette product labels were nicotine, propylene glycol, vegetable glycerine

or glycerol, flavoring, and water (Zhu et al., 2014).
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Chemistry data for e-cigarettes showed variations in the levels of nicotine. The
data also showed variations in the levels of other harmful or potentially harmful
constituents (FDA, 2015; WHO, 2014b). The FDA’s analysis of two popular brands of
e-cigarettes found detectable levels of known carcinogens and toxic chemicals (FDA,
2014). Goniewicz, Hajek, and McRobbie (2014) analyzed vapors from 12 brands of e-
cigarettes and found some toxic substances, but the levels were nine to 450 times lower
than in cigarette smoke and were comparable to levels found in other nicotine products.
Cheng (2014) performed a systematic review of the literature related to the chemistry of
e-cigarettes and found various substances known to be toxic or carcinogenic were in the
aerosols, cartridges, and emissions of e-cigarettes. Cheng (2014) found the levels of
constituents, such as nicotine, tobacco-specific nitrosamines, aldehydes, metals, volatile
organic compounds, flavors, solvent carriers and tobacco alkaloids, varied across
products.

Other researchers have also showed variations in nicotine concentration in e-
cigarettes. In one study, researchers found that some e-cigarettes labeled as nicotine free
contained detectable levels of nicotine. The researchers also found nicotine concentration
in e-cigarettes sold in the United States ranged from 0 to 36.6 mg/mL of nicotine
(Goniewicz et al., 2015). Goniewicz, Hajek, et al. (2014) conducted a study with five
popular brands of e-cigarettes and examined the nicotine content in the cartridges and
vapor. They found variations of up to 12% relative standard deviation between different
batches of the same brand. In other words, they also found that nicotine in the vapor was
not related to variation in nicotine content in the e-liquid. Goniewicz et al. (2013) also

conducted a study of 16 e-cigarette brands that were popular in the Polish, United
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Kingdom, and United States market. Likewise, there were variations in nicotine
vaporization. The nicotine in the vapor produced by 20 series of 15 puffs ranged from
0.5 mg to 15.4 mg and was not related to the nicotine content (Goniewicz et al., 2013).
E-Cigarette History, Claims, and Uses

The concept for e-cigarettes emerged in the early 1960s. The first e-cigarette
patent was filed in 1963 for "a smokeless non-tobacco cigarette” (Gilbert, 1963). The
inventor described this product as “replacing burning tobacco and paper with heated,
moist, flavored air” (Gilbert, 1963, p. 1). Modern e-cigarettes were invented by Lik who
obtained an international patent in 2007 for an electronic atomization cigarette containing
only nicotine without tar (Lik, 2007).

E-cigarettes were the most popular prototype of a broader class of emerging
tobacco products referred to as electronic nicotine delivery systems (WHO, 2014b).
These products delivered nicotine and other substances to the respiratory system (World
Health Organization, 2009). Although e-cigarettes were a subset of electronic nicotine
delivery systems, the terms e-cigarette and electronic nicotine delivery systems have been
used interchangeably. Other terms, including e-cig, vape, vaper, and vaping, have also
been used to refer to e-cigarettes (Zhu et al., 2014).

E-cigarettes entered into the United States market in 2007 (Pauly, Li, & Barry,
2007). Since then, the products have surged in popularity (Zhu et al., 2014). E-cigarettes
were often sold as either a disposable product or as a refillable product. With the
disposable versions, the unit was discarded after the liquid solution was expended. The

refillable products were designed to allow the liquid to be replenished (Zhu et al., 2014).
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One vital tool used to influence behavior was marketing. Researchers have
shown associations between marketing and smoking initiation behaviors (USDHHS,
2012). The potential for marketing to influence e-cigarette initiation and use is a public
health concern (USDHHS, 2016). In one study, researchers examined the persuasive
themes in tobacco advertisement and found e-cigarette advertisements highlighted quality
and price as well as comparative advantages over conventional cigarettes (Banerjee,
Shuk, Greene, & Ostroff, 2015). Richardson, Ganz, Stalgaitis, Abrams, and Vallone
(2014) found magazines advertisements for e-cigarettes often depicted health- and non-
health- related themes, including sexual, romantic, and social content.

Marketing claims for electronic nicotine delivery systems, including e-cigarettes,
varied among manufacturers, but the products were promoted as a safer alternative to
conventional cigarettes (Grana, Glantz, & Ling, 2011). Zhu et al. (2014) found various
claims about e-cigarettes on the Internet. These included claims such as e-cigarettes were
(a) less harmful than conventional cigarettes, (b) a substitute for places where one cannot
smoke, (c) cheaper than cigarettes, and (d) effective for smoking cessation. The products
have been featured in movies, used by prominent celebrities on late night shows, featured
on talk shows, and included in gift bags for the 2010 Grammy attendees (Grana et al.,
2011). These research studies were conducted prior to the issuance of FDA’s 2016
deeming rule, which extended FDA’s regulatory authorities to other tobacco products,
including e-cigarettes (FDA, 2018).

Various reasons have been cited for using tobacco products. Researchers have
found that curiosity was one of the drivers for using conventional cigarettes (Nadora et

al., 2014; Pierce, Distefan, Kaplan, & Gilpin, 2005). Likewise, curiosity has been cited
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as a reason for using e-cigarettes (Biener, Song, Sutfin, Sangler, & Wolfson, 2015). Li,
Newcombe, and Walton (2015) examined adults in New Zealand and found curiosity and
desire to quit smoking as the most common reasons cited for using e-cigarettes. Etter and
Bullen (2011) conducted an online survey in English and French to assess e-cigarette
users (a) profile, (b) utilization patterns, (c) satisfaction, and (d) perceived effects. The
study included 3,587 participants over the age of 18 who were self-selected visitors to
Web sites dedicated to e-cigarettes. The participants reported various reasons for using e-
cigarettes. The researchers found that one of the main reasons cited for using e-cigarettes
was due to perception that e-cigarettes were less toxic than other tobacco products (84%).
Other reasons identified for using e-cigarettes were (a) to deal with tobacco cravings
(79%), (b) to address tobacco withdrawal symptoms (69%), (c) to quit smoking or avoid
smoking relapse (77%), (d) lower cost than smoking (57%), and (e) used in situations
when smoking was prohibited (39%) (Etter & Bullen, 2011). Pepper and Brewer (2014)
conducted a systematic review of the literature on electronic nicotine delivery systems,
including e-cigarettes, and found similar reasons cited for using these products, which
included (a) quitting smoking, (b) using a product that was healthier than conventional
cigarettes, and (c) to avoid smoking restrictions.
Prevalence of E-Cigarette Use among Youth

The appeal of e-cigarettes among youth raised serious concerns (Fairchild et al.,
2014). Researchers indicated an increase in use of e-cigarettes by adolescents in the
United States (Caroll Chapman & Wu, 2014). Between 2011 and 2013, e-cigarette use
among never-smoking youth increased threefold from 79,000 in 2011 to more than

263,000 in 2013 (Bunnell et al., 2015). Data from the 2011 to 2014 National Youth
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Tobacco Survey showed e-cigarettes were the most commonly used tobacco product
among youth (Arrazola et al., 2015). In 2014, approximately two million high school
students were e-cigarette users (Arrazola et al., 2015). Between 2017 and 2018, e-
cigarette use increased by 78% (11.7% to 20.8%) among high school students and 48%
(3.3% to 4.9%) among middle school students (Cullen et al., 2018). In 2018, over three
million middle and high school students were e-cigarette users (Cullen et al., 2018).

Other researchers have also reported that a notable proportion of youth were using
e-cigarettes. The 2015 National Youth Tobacco Survey estimated that approximately
27.1% of adolescents in the United States have tried e-cigarettes, which represents
approximately 7,260,500 individuals (USDHHS, 2016). The Monitoring the Future 2014
Survey results showed that among eighth-, tenth-, and 12"-grade students, past month use
of e-cigarettes was 8.7%, 16.2%, and 17.1%, respectively (NIDA, 2014). In 2014, 13.4%
of high school students reported ever use of e-cigarettes (Arrazola et al., 2015). Data
from the 2014 National Youth Tobacco Survey analyzed by the CDC and the FDA
showed that among high school students who were current users of e-cigarettes, 15.5%
used the product on 20 or more of the preceding 30 days (Neff et al., 2015).

The types of adolescent using e-cigarettes were described by researchers who
found that many have never smoked conventional cigarettes. Corey et al. (2013) found
that between 2011 and 2012, lifetime e-cigarette use among youth doubled from 3.3% to
6.8%, and current use doubled from 1.1% to 2.1%. The researchers also found that 9.3%
of lifetime and 20.3% of past-month users had never smoked conventional cigarettes.
Similarly, Camenga et al. (2014) found that from February 2010 to June 2011, past

month use of e-cigarettes doubled among high school students, and a notable proportion
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(12.5% in February 2010, 17.2% in October 2010, and 16.1% in June 2011) of current e-
cigarette users never smoked conventional cigarettes. Barrington-Trimis et al. (2015)
assessed the role of e-cigarette psychological factors on risk of e-cigarette or cigarette use
in 11""- and 12"- grade students in the Southern California Children’s Health Study.
They found that 40.5% of current e-cigarette users never smoked a conventional
cigarette.

Health Consequences

The health consequences of tobacco use are well documented, but the net public
health effect of e-cigarette use is unknown (Callahan-Lyon, 2014; Durmowicz, 2014).
Burn injuries and explosions related to e-cigarettes have been reported in the literature
(Brownson et al., 2016; Chen, 2013; Corey, Chang, & Rostron, 2018; Durmowicz, Rudy,
& Chen, 2016; McKenna, 2017; Rudy & Durmowicz, 2016; Toy et al., 2017; Walsh,
Sheikh, Johal, & Khwaja, 2016). Similarly, serious adverse events related to e-cigarettes,
including pulmonary and cardiac issues, have been cited in the literature (Alzahrani,
Pena, Temsgen, & Glant, 2018; Chen, 2013; Kaur, Pinkston, Mclemore, Dorsey, & Batra,
2018; Liu et al., 2018).

Considerable attention has been given to the potential benefits and risk of e-
cigarettes in the absence of evidence relating to the long-term health consequences of
these products. To project the potential health effects, researchers have examined the
constituents in e-cigarettes. However, the dynamic and diverse compositions of e-
cigarettes made assessing the potential health effects challenging (USDHHS, 2016).

Nicotine exposure. Nicotine is the main chemical compound that causes and

sustains the addicting effects of tobacco products (USDHHS, 2014). Due to the paucity
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of long-term e-cigarette data, evidence from other nicotine products offers a useful
analogy of the potential health effects (USDHHS, 2016). Nicotine from e-cigarettes
affected the brain similarly to nicotine from other sources (NIDA, 2018a). Nicotine from
e-cigarettes was absorbed into the bloodstream from the lungs and activated the brain’s
reward circuits. Nicotine increased dopamine levels, which reinforced reward behaviors
that motivated some individuals to continue to use nicotine (NIDA, 2018a; USDHHS,
2016).

Most tobacco use begins in childhood and adolescence, and approximately 88%
of adult smokers reported that they initiated use of conventional cigarettes by the age of
18 (USDHHS, 2012). In youth, nicotine exposure is of major concern because of the
potential for addiction in this population (USDHHS, 2012). In comparison with adults,
nicotine has more severe and durable effects on the brains of youth (USDHHS, 2016). In
addition, nicotine exposure during youth may affect cognitive function and the
developing brain (USDHHS, 2014).

During youth and young adulthood, the brain undergoes major neurobiological
development. Yuan, Cross, Loughlin, and Leslie (2015) highlighted clinical and
preclinical data and examined the distinct neurobiological and nicotine sensitivity of the
adolescent’s brain. They noted that during adolescence, a reorganization of the structural
and functional brain regions occur. These reorganizations are necessary for mature
cognitive and executive function. Yuan et al. (2015) also reported that nicotine exposure
may alter adolescent brain and signal addiction pathways. In addition, chronic exposure
to nicotine produced alterations in neurochemistry and behavior that are different for

adolescence compared to adults (Yuan et al., 2015).
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In preclinical studies, researchers found that chronic nicotine use in adolescence
compared with adults enhanced dopamine-mediated behaviors, increased locomotor
activity, and enhanced sensitivity and susceptibility to other drugs, including acquisition
of cocaine, methamphetamine, and alcohol self-administration (Yuan et al., 2015). In
addition, chronic nicotine use in adolescence reduced cognitive function, including
decreased attention span, increased impulsivity, altered emotional responses, and
enhanced anxiety and fear (Yuan et al., 2015). Weiss et al. (2008) examined the
association between nicotine acetylcholine receptor (nAChR) genetic variants and
nicotine dependency in three cohorts of long-term smokers. These smokers were of
European origins and were recruited in Utah, Wisconsin, and by the National Heart,
Lung, and Blood Institute (NHLBI) Lung Health Study researchers. The researchers
found a link among early nicotine exposure, common genes related to the severity of
addiction (CHRNA5-A3-B4 haplotypes), and adult nicotine addiction.

The risk of nicotine addiction depends on the dose and method of delivery
(USDHHS, 2016). E-cigarettes offer a new method for nicotine delivery. Addiction can
begin in individuals who experimented with tobacco use during teenage years (USDHHS,
2012). Adolescents appear to be vulnerable to the adverse effect of nicotine on the
central nervous system (USDHHS, 2012). Furthermore, in one health report, there were
conclusions that “nicotine exposure during adolescence, a critical window for brain
development, may have lasting adverse consequences for brain development” (USDHHS,
2014 p. 37).

Smoking cessation. Studies on the efficacy of e-cigarettes as a smoking

cessation tool had mixed results. Some studies showed that e-cigarettes may aid with
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smoking cessation. In one study, researchers found that smokers who used e-cigarettes
substantially decreased cigarette smoking (Polosa et al., 2011). In a longitudinal study of
adults in two United States metropolitan areas, researchers found that smokers who used
e-cigarettes daily for at least one month were six times more likely to report that they quit
smoking compared to smokers who did not use e-cigarettes or only used e-cigarettes once
or twice (Biener & Hargraves, 2015). In randomized studies conducted with e-cigarettes,
there were also indications for use of the products for smoking cessation. In a 12-month
randomized control trial consisting of 300 smokers not intending to quit smoking, it was
found that the use of e-cigarettes reduced conventional cigarette consumption in
participants at Week 12 and Week 52 by 22.3% and 10.3%, respectively. The researchers
also found the use of e-cigarettes resulted in complete abstinence from smoking at Week
12 and Week 52 by 10.7 % and 8.7%, respectively, of participants (Caponnetto et al.,
2013). In arandomized control study of 657 participants in New Zealand, there was an
assessment for whether e-cigarettes with nicotine were more effective than patches or
placebo e-cigarettes for smoking cessation. The researchers found 13 weeks use of e-
cigarettes that contained nicotine resulted in increased smoking abstinence at Month 6
compared with e-cigarette patches or placebo (Bullen et al., 2013).

Other researchers have found smokers who used e-cigarettes were no more likely
to quit smoking than those who did not use e-cigarettes (Adkison et al., 2013; Vikerman,
Carpenter, Altman, Nash, & Zbikowski, 2013). Adkison et al. (2013) surveyed current
and former smokers in four English-speaking countries. The researchers found trial and
use of electronic nicotine delivery systems were associated with smoking status.

Electronic nicotine delivery system users were more likely to reduce the number of
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conventional cigarettes smoked per day than non-users, but quitting smoking did not
differ between electronic nicotine delivery system users compared with non-users.
Vickerman et al. (2013) analyzed data from 2,758 callers to six state tobacco quit-lines 7
months after quit-line enrollment. Approximately 31% of callers seeking cessation
services had ever tried e-cigarettes, and approximately 9% were current users of e-
cigarettes. The researchers found e-cigarette users were less likely than those who had
never used e-cigarettes to have quit tobacco use. The U.S. Preventative Services Task
Force (2015) reviewed the evidence on smoking cessation and concluded that the
“current evidence is insufficient to recommend electronic nicotine delivery systems for
tobacco cessation in adults, including pregnant women” (p. 1). These research studies
were conducted prior to the issuance of FDA’s 2016 deeming rule, which extended
FDA'’s regulatory authorities to other tobacco products, including e-cigarettes (FDA,
2018).

Initiating use of conventional cigarettes. The uptake of e-cigarettes among
never-smoking youth has sparked concerns about e-cigarette use as a gateway to
addiction and renormalization of smoking (Fairchild et al., 2014; Rigotti, 2015). One
researcher found youth who were ever e-cigarette users (43.9%) were more likely to
indicate intentions to smoke conventional cigarettes than youth who were never-e-
cigarette users (21.5%; Bunnell et al., 2015). Leventhal et al. (2015) conducted a
repeated-measures prospective observational study to examine e-cigarette and
combustible tobacco use among a cohort of 2,530 ninth graders attending 10 California
high schools. Measures were assessed at baseline, at six-month follow-up, and at 12-

month follow-up. At baseline, all students were non-smokers, and 222 (8.8%) had ever
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used an e-cigarette. Ever users of e-cigarettes were more likely to report past six-month
use of any combustible tobacco products than never-e-cigarette users at the six-month
follow-up (30.7% vs 8.1%) and at the 12 month follow-up (25.2% vs. 9.3%).

Findings from other studies also indicated e-cigarette use may lead to initiation of
other tobacco products. Barrington-Trimis et al. (2016) followed a cohort of 11" and 121"
graders in Southern California to examine whether e-cigarette use increased the risk of
conventional cigarette initiation. The study included 146 never-smoking-e-cigarette users
and 152 never-smoking, never-e-cigarette users at baseline. Follow-up assessment
occurred approximately 16 months from baseline. The researchers found at follow-up
around 40% of e-cigarette users and around 10% of never-e-cigarette users initiated
cigarette smoking. Primack, Soneji, Stoolmiller, Fine, and Sargent (2015) also found in a
cohort of youth and young adults, baseline e-cigarette use was associated with
progression to conventional cigarette smoking. Likewise, Wills et al. (2017) followed a
cohort of students in Hawaii who were in Grades 9 and 10 and found students who used
e-cigarettes at baseline were three times more likely to smoke conventional cigarettes one
year later.
Relevant Concepts

Perceived harm. Perception of the positive and negative consequences of an
action is a key predictor of behavioral intentions and future behavior (Azjen & Fishbein,
1980; Glanz et al., 1997). Risk perception has been studied in the context of
conventional cigarette smoking and may be relevant to e-cigarettes use. Researchers
have established a relationship between risk perception and smoking behavior. Ina

longitudinal study of 395 high school students in northern California, it was found that
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smoking behavior was directly related to perception of smoking risk and benefits. Those
who perceived low long-term risks related to smoking behavior were 3.64 times more
likely to initiate tobacco use than those who perceived high long-term risks related to
smoking behavior (Song et al., 2009). Murphy-Hoefer et al. (2004) surveyed 1,020
college students to determine perceived risk of conventional cigarette smoking and
addiction to nicotine. The results of the study showed smokers tended to underestimate
the risks associated with smoking compared with non-smokers (Murphy-Hoefer et al.,
2004). Smokers (32%) were less likely than non-smokers (60%) to believe health risks
were associated with smoking on the weekends or a couple days per week (Murphy-
Hoefer et al., 2004).

The general United States adult population believed e-cigarettes were less harmful
than conventional cigarettes (USDHHS, 2016). Several researchers found e-cigarette
users perceived e-cigarettes to be less harmful than conventional cigarettes (Adkison et
al., 2013; Ambrose et al., 2014; Amrock et al., 2015; Choi & Foster, 2013; Choi &
Foster, 2014; Etter & Bullen, 2011; Goniewicz et al., 2013; Pepper & Brewer, 2014;
Pearson et al., 2012). Most studies of e-cigarette harm perception included adults. In a
population-based prospective cohort study of 2,624 Midwestern young adults aged 20 to
28, 53% of those who were aware of e-cigarettes agreed e-cigarettes were less harmful
than conventional cigarettes, and 26% agreed e-cigarettes were less addictive than
conventional cigarettes (Choi & Forster, 2013). Another researcher analyzed data from a
national online survey of adults aged 18 years and older and the Legacy Longitudinal
Smoker Cohort, which included adult smokers, aged 18 to 49. The researchers found

among smokers who were aware of electronic nicotine delivery systems, 70.6% of
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participants in the online survey and 84.7% of participants in the Legacy Longitudinal
Smoker Cohort believed electronic nicotine delivery systems were less harmful than
conventional cigarettes (Pearson et al., 2012). In a qualitative study, researchers
investigated perceived harm related to e-cigarettes in a focus group with young adults
(18-26 years old) from the Minneapolis-St. Paul Minnesota metropolitan area who had
never tried e-cigarettes (Choi, Fabian, Mottey, Corbett, & Forster, 2012). Participants
expressed mixed beliefs related to the harmfulness of e-cigarettes compared with
conventional cigarettes (Choi et al., 2012).

Studies in which youth’s perceived harm of e-cigarette use were assessed are
limited. These studies primarily involved use of cross-sectional surveys. Data from the
Monitoring the Future Survey showed 14.2% of 12"-grade students viewed e-cigarettes
as harmful (NIDA, 2014). In an exploratory study consisting of 104 male high school
students, researchers found e-cigarette use behavior was strongly associated with
perceived risks of e-cigarettes. Furthermore, the researchers found e-cigarettes were
perceived as less risky compared with conventional cigarettes (Chaffee et al., 2015).
Other researchers also indicated similar findings among youth. Ambrose et al. (2014)
utilized data from the 2012 National Youth Tobacco Survey (N = 24,658) to assess the
relative perceived harm of e-cigarettes compared with conventional cigarettes among
youth and found one out of every three students perceived e-cigarettes as less harmful
than conventional cigarettes. Likewise, Amrock et al. (2015) utilized data from the 2012
National Youth Tobacco Survey to assess perceived harm of e-cigarettes among
adolescents and found 34.2% of those who were aware of e-cigarettes perceived e-

cigarettes as less harmful compared to conventional cigarettes. The researchers also
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found more males (38.8%) than females (29.4%) perceived e-cigarettes as less harmful
than conventional cigarettes.

Susceptibility. The theory of reasoned action presents that a predictor of future
behavior is intention to perform the behavior (Azjen & Fishbein, 1980). Susceptibility
may signal the prospect of future experimentation with tobacco products (Pierce, Choi,
Gilpin, Farkas, & Merrit, 1996). In one longitudinal study, researchers found
susceptibility was a strong independent predictor of subsequent conventional cigarette
use. Susceptibility to conventional cigarette use was measured by the following
questions: “Do you think that you will try a cigarette soon?” “Do you think that you will
be smoking cigarettes 1 year from now?” and “If one of your best friends were to offer
you a cigarette, would you smoke it?” (Pierce et al., 1996).

The 2015 National Youth Tobacco Survey indicated about 38.4% of high school
students and 32.1% of middle school students in the United States were susceptible to
future e-cigarette use (USDDHS, 2016). However, there is limited national longitudinal
data that capture susceptibility in the context of e-cigarette use. In one study, researchers
utilized longitudinal data from middle and high school students in Connecticut to
examine whether susceptibility predicted subsequent e-cigarette use. Susceptibility was
measured by the following questions: “If one of your best friends offered you an e-
cigarette, would you smoke it?” and “Do you think that in the future you might
experiment with e-cigarettes?” E-cigarette use was assessed at baseline and follow-up 6
months later (Bold, Kong, Cavallo, Camega, & Krishnan-Sarin, 2016). The researchers

found susceptibility was a strong predictor of e-cigarette initiation at Month 6 (OR =
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4.27, 95% CI [3.12-5.85]) and also a strong predictor of past 30-day e-cigarette use (OR
=5.10, 95% CI [3.38-7.68]; Bold et al., 2016).
Summary of the Known and Unknown about the Topic

Tobacco use led to preventable diseases and premature death (USDHHS, 2014).
E-cigarettes were the most popular prototype of the electronic nicotine delivery systems
category, and most e-cigarettes contained nicotine and other harmful or potentially
harmful constituents (FDA, 2015; WHO, 2014a). These products were promoted as a
safer alternative to conventional cigarettes (Grana et al., 2011). Use of e-cigarette has
increased among youth (Carroll Chapman & Wu, 2014). The appeal of these products to
youth raised significant public health concerns (Fairchild et al., 2014). Results from
longitudinal studies indicated an association between e-cigarette use and initiation of
other tobacco products (Barrington-Trimis et al., 2016; Leventhal et al., 2015; Primack et
al., 2015; Wills et al., 2017).

Most researchers who examine youth’s perceived harm of e-cigarettes assessed
the perceived relative harmfulness of e-cigarettes compared with conventional cigarettes
and mostly used cross-sectional designs (Ambrose et al., 2014; Amrock et al., 2015;
Chaffee et al., 2015). The limited research about perceived harm of e-cigarettes among
youth indicated e-cigarettes were perceived as less harmful than conventional cigarettes
(Ambrose et al., 2014; Amrock et al., 2015). Data regarding the relationship between
perceived harm of e-cigarettes and e-cigarette use are scant (Ambrose et al., 2014).
Furthermore, the long-term health consequences of e-cigarette use are unknown

(Callahan-Lyon, 2014; Durmowicz, 2014).
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Contribution the Study Makes to the Field

In the absence of consensus about the long-term health effects of e-cigarettes,
youth’s perceived harm of e-cigarettes have important implications for program
development, public policies, and research to mitigate use of tobacco products in this
population. The insight gleaned from the dissertation study can be used for program
development to address perception or misperception related to e-cigarettes among youth.
The dissertation study results may be used to inform public health policies, education,
planning, and practice related to tobacco control. The dissertation study findings have
expanded the literature about perceived harm of e-cigarettes and intentions to use e-
cigarettes among youth.

Summary

Reducing tobacco-related death and diseases continues to be a national priority
(CDC, 2016). An issue of major public health concern is youth use of e-cigarettes
(Fairchild et al., 2014). There were over 460 e-cigarette brands on the market (Zhu et al.,
2014). E-cigarettes varied in design, content, and ingredients, but most of these products
contained nicotine, an addictive substance (Cobb et al., 2010; FDA, 2015). Some e-
cigarettes also contained harmful or potentially harmful constituents (FDA, 2015). The
long-term health effects of e-cigarette use are unknown, yet study findings indicated e-
cigarette users perceived e-cigarettes as safer than conventional cigarettes (Adkison et al.,
2013; Ambrose et al., 2014). In addition, almost one third of youth in the United States
were susceptible to use of e-cigarettes (USDHHS, 2016). Some researchers found youth

who have never smoked conventional cigarettes were using e-cigarettes (Corey et al.,
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2013; Barrington-Trimis et al., 2015). These findings raised significant public health
concerns, and interventions are needed to curtail e-cigarette use among youth.

The theory of reasoned action was used to guide this dissertation study. This
theory is a useful framework for understanding the importance of specific beliefs,
attitudes, norms, and intentions related to a behavior (Glanz et al., 1997). The aim of the
theory is to understand and predict behavior. The dissertation study has captured aspects
of the theory of reasoned action in the context of e-cigarettes in that the investigator
examined relationships between perceived harm, susceptibility, and e-cigarette use. The
investigator did not address subjective norms. The study contributed to the field of
tobacco control by expanding the literature for perceived harm of e-cigarettes among

youth.
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Chapter 3: Methodology
Introduction to the Chapter

In this chapter, the research methods, including the specific procedures employed
and data analyses, are described. The chapter includes an overview of the study sample
and key variables. This investigator used quantitative research methods similar to those
used in other studies pertaining to e-cigarette use. For example, Amrock et al. (2015)
used data from the 2012 National Youth Tobacco survey to examine correlates of e-
cigarette harm perception and use of e-cigarettes. The strength of the dissertation study
includes the use of a large nationally representative sample to gain insight into youth’s
perceived harm of e-cigarettes.

Research Design and Methodology

Quantitative research uses numeric information and involves processes that are
formal, systematic, and objective to describe and test relationships among variables
(McCusker & Gunaydin, 2015). This quantitative study involved secondary analysis of
de-identified data from the PATH study. This archival data was accessed from ICPSR
(2017). The PATH study had a self-reported questionnaire to capture data from
participants. The design was used for data to be captured from a large population in a
consistent manner and reduced opportunity for bias from an interviewer. However, this
design has less depth about a phenomenon and does not allow for probing. In the
dissertation study, the investigator explored changes in perceived harm related to e-
cigarettes and relationships between perceived harm of e-cigarettes and e-cigarette use

among youth in the United States. The investigator also explored associations between
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perceived harm of e-cigarettes and susceptibility to use of e-cigarettes. The investigator
used correlational designs to address the research questions and hypotheses.

Secondary analysis involved the use of existing data to answer research questions
or test new hypothesis and offers an economical and efficient means for conducting
studies (Johnston, 2014). With the use of secondary data, the investigator was able to
have access to de-identified data for the population and phenomena of interest to address
the research questions. The PATH study has captured tobacco-related knowledge,
attitudes, and behaviors from a nationally representative youth population (Hyland et al.,
2017; ICPSR, 2017). Although the PATH study was not design for the dissertation
study, use of data from Wave 1 and Wave 2 presented a feasible option for conducting
the study.

Participants

This dissertation study was restricted to the 13,651 youth who participated in the
PATH study. These participants lived in civilian, non-institutionalized settings in the
United States (Hyland et al., 2017). The sample was selected based on age, awareness of
e-cigarettes, and e-cigarette use. Individuals who were age 12 to 17 at Wave 1 of the
PATH study were included in the study. Youth who did not respond to the PATH study
question on awareness of e-cigarettes or who selected “No,” “DON’T KNOW,” or
“REFUSED” in response to the PATH study question about awareness of e-cigarette at
Wave 1 were excluded. In addition, youth who did not provide a response to the PATH
study question on ever-use of e-cigarettes at Wave 1 were excluded from the study.
Statistical Package for the Social Science (SPSS) version 24 was used to select the

sample based on the study criteria.
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Specific Procedures
Instruments and Measures

Population Assessment of Tobacco and Health Study. The PATH study is a
longitudinal cohort study of 45,971 participants, including 13,651 youth. The study
included individuals aged 12 years and older who resided in civilian, non-
institutionalized settings in the 50 States and the District of Columbia. The study data
was collected under a research contract with Westat and funded through a collaborative
partnership between the National Institute of Health’s NIDA and FDA’s Center for
Tobacco Products (Hyland et al., 2017; ICPSR, 2017).

The PATH study used a four-staged stratified probability sampling design to
select baseline Wave 1 participants. The first stage of the sampling included selection of
156 primary sampling units. These sampling units consisted of counties or groups of
contiguous counties. At the second stage, 6,049 sampling units were formed. At the
third stage, 166,088 mailing addresses were sampled. At the fourth stage, 76,539
sampled persons within households occupying dwelling units at sampled addresses were
selected. In general, up to two youths were sampled within a household. If more than
two youths were in a household, two were selected at random for the sample (Hyland et
al., 2017; ICPSR, 2017). At Wave 1, a total of 13,651 youth completed the interview
with an overall youth response rate of 78.2% unweighted and 78.4% weighted. At Wave
2, a total of 10,081 youth continued in the PATH study and completed the interview with
an overall retention rate of 88.5% unweighted and 88.4% weighted (ICPSR, 2017). An
additional 5,855 youth were recruited at Wave 2 of which 2,091 completed the interview

(ICPSR, 2017).
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The baseline (Wave 1) data were collected from September 12, 2013, to
December 14, 2014, and the Wave 2 data were collected from October 2014 to October
2015 (ICPSR, 2017). Both the Wave 1 and Wave 2 data were collected in person, using
audio computer-assisted self-interviewing (ACASI) for the youth interviews. The youth
interviews averaged around 35 minutes (ICPSR, 2017).

Variables. Secondary data from the PATH study were used to address the
research questions and hypotheses discussed in Chapter 1. The full questionnaire utilized
to capture the data for the PATH study is available on the ICPSR’s Web site (ICPSR,
2017). In addition to demographics data, the investigator examined responses to relevant
questions from the PATH study questionnaire that addressed the research questions and
hypotheses.

Study eligibility. Responses to the following questions from the PATH study
questionnaire were evaluated to determine eligibility for the study:

e May I please have {Program: Insert Youth Name}’s date of birth?

e Have you ever seen or heard of an electronic cigarette or e-cigarette before

this study?

e Have you ever used an e-cigarette, such as NJOY, Blu, or Smoking

Everywhere, even one or two times?

Demographic variables. Four demographic variables were used to describe the
sample: gender, age, race, and e-cigarette use status.

Perceived harm. To assess perceived harm relevant to the research questions and
hypotheses, the dissertation study used the following two questions from the PATH study

questionnaire:
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One question from the PATH study questionnaire was used to assess the
perceived absolute harm of e-cigarettes. Youth were asked how much do you
think people harm themselves when they use e-cigarettes? Response options
were (a) no harm, (b) little harm (c) some harm, (d) a lot of harm, () DON’T
KNOW, and (f) REFUSED.

One question from the PATH study questionnaire was used to assess the
perceived relative harm of e-cigarettes compared to conventional cigarettes.
Youth were asked is using e-cigarettes less harmful, about the same, or more
harmful than smoking cigarettes? Response options were (a) less harmful, (b)

about the same, (c) more harmful, (d) DON’T KNOW, and (¢) REFUSED.

E-cigarette use. The following questions and user group variables from the

PATH study questionnaire were used to assess e-cigarette use status:

Have you ever used an e-cigarette, such as NJOY, Blu, or Smoking
Everywhere, even one or two times? Response options were (a) yes, (b) no,
(c) DON’T KNOW, and (d) REFUSED.

Have you ever used an electronic nicotine product, even one or two times?
(Electronic nicotine products include e-cigarettes, e-cigars, e-pipes, e-
hookahs, personal vaporizers, vape pens, and hookah pens). Response options
were (a) yes, (b) no, (c) DON’T KNOW, and (d) REFUSED.

Which of the following electronic nicotine products have you ever used?
Choose all that apply. Response options were (a) e-cigarettes, (b) e-cigar, (c)
e-pipe, (d) e-hookah (including hookah pen), (e) something else, (f) DON’T

KNOW, and (g) REFUSED.
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e The following user group variables were used in assessing e-cigarette use
status: Ever e-cigarette users, never e-cigarette users, initiated e-cigarette use
since last completed interview.

Susceptibility to e-cigarette use. One question from the PATH study
questionnaire was used to assess susceptibility to e-cigarette use. Youth were asked do
you think that you will try an e-cigarette soon? Response options were (a) definitely yes,
(b) probably yes, (c) probably not, (d) definitely not, (€) DON’T KNOW, and (f)
REFUSED.

Smoking status. One question from the PATH study questionnaire was used to
assess smoking status. Youth were asked have you ever tried cigarette smoking, even
one or two puffs? Response options were (a) yes, (b) no, (c) DON’T KNOW, and (d)
REFUSED.

Reliability and Validity

The most likely threat to external validity of the dissertation study was selection
bias. The use of a stratified probability sampling design in the PATH study may have
reduced this threat. Of the 17,451 youth contacted at Wave 1 to participate in the PATH
study, 13,651 completed the interview (ICPSR, 2017). This dissertation study was
limited to youth who participated in the PATH study; therefore, the study findings were
limited to non-institutionalized youth in the United States.

The validity, reliability, or psychometric findings of the tool (questionnaire) used
to collect the PATH study data were not available in the literature. However, the
literature about the design and methods of the PATH study indicated that the Wave 1

questionnaire adapted items from several well-established national surveys and were
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tailored to utilize the Audio Computer-Assisted Self-Interviewing (Hyland et al., 2017).
The survey tool appeared to have face validity in that it seems to have measured the
content. The PATH study was used and referenced in several research studies, including
Kasza et al. (2017); Pearson et al. (2016); Persoskie, O’Brien, Nguyen, and Tworek
(2017); Hyland et al. (2017); and Leas, Ayers, Strong, and Pierce (2016).
Ethical Considerations and Review

The dissertation study involved secondary analysis of de-identified data collected
under the PATH study. Approval to conduct the PATH study was received from the
Westat Institutional Review Board prior to data collection (Hyland et al., 2017). A
Certificate of Confidentiality from the National Institutes of Health was obtained for
conducting the PATH study. Consent was obtained from parents and assent was obtained
from youth prior to data collection. In addition, approval to collect data under the PATH
study was received from the Office of Management and Budget (Hyland et al., 2017).

Before conducting the dissertation study, exemption from Institutional Review
Board review was obtained from Nova Southeastern Institutional Review Board. Only
de-identified data were accessed and used in the study. This dissertation study did not
involve any interactions with participants.

Funding

The dissertation study was unfunded. The study was conducted using the
investigator’s existing resources (i.e., a laptop computer, Internet access, and SPSS
software) and public data. The dissertation study used secondary data available to the
public at no cost. The investigator has Internet access and used a previously-owned

laptop to download and analyze the data. Availability of these resources significantly
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reduced any financial cost that would have otherwise been associated with conducting the
study. Minimal cost was associated with procuring licensure to use SPSS software and
tools to disseminate the study findings. However, the study did not require funding from
any source.

Data Collection Procedures

The following steps were taken to obtain data for the current study:

e Step 1. Downloaded the secondary, de-identified dataset into SPSS from the

archival PATH study data.

e Step 2. Used SPSS to extract data based on the study criteria.

Data Analyses

To characterize the study sample, descriptive statistics were used to generate
frequencies of the participants’ demographics included in the analyses. Inferential
analyses were performed to address the research questions and hypotheses. Non-
parametric statistical analyses were conducted when the level of measurements for the
data were nominal. A two-tailed p less than .05 was considered statistically significant,
unless otherwise specified.

Pairwise deletion was used to handle missing cases. Cases were deleted only if
the variables being analyzed had missing data. To address Research Question 1, a paired-
samples t test was used to assess whether perceived absolute harm of e-cigarettes and
relative harm of e-cigarettes compared with conventional cigarettes changed between
Wave 1 and Wave 2. To address Research Question 2, a paired-samples t test was used
to assess whether perceived absolute harm of e-cigarettes coincided with changes in e-

cigarette use status between Wave 1 and Wave 2. Logistic regression analyses were used
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to address Hypothesis 1 and 2. To address Hypothesis 1, multivariate logistic regression
analysis was used to assess whether perceived relative harm of e-cigarettes compared
with conventional cigarette, age, gender, and smoking status were associated with use of
e-cigarettes at Wave 1. To address Hypothesis 2, multivariate logistic regression analysis
was used to assess whether perceived relative harm of e-cigarettes compared with
conventional cigarette, age, gender, and smoking status were associated with subsequent
use of e-cigarettes. To address Hypothesis 3, a chi-square test for independence was used
to assess whether perceived harm of e-cigarettes was associated with susceptibility to use
of e-cigarettes. To address Hypothesis 4, a chi-square test for independence was used to
assess whether susceptibility to use of e-cigarettes at Wave 1 was associated with use of
e-cigarettes at Wave 2.
Summary

The dissertation study used a correlational quantitative research design to (a)
collect and analyze the data, (b) interpret the results, and (c) report the findings.
Secondary analysis of de-identified data from the PATH study was conducted to answer
the research questions and examine the hypotheses. The dissertation study was limited to
youth who participated in the PATH study, which included individuals who lived in
civilian, non-institutionalized settings in the United States (Hyland et al., 2017).
Selection bias was the most likely threat to external validity. Exemption from review by
an Institutional Review Board was obtained prior to conducting the dissertation study.

The study was unfunded and the data were analyzed using SPSS version 24.
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Chapter 4: Results
Introduction to the Chapter

The results of the analyses relevant to the research questions and hypotheses are
presented in this chapter. The data were analyzed using the commercially available SPSS
version 24. The data analyses were guided by the research questions and hypotheses
discussed in Chapter 1. This chapter includes a summary of the study results.

Study Findings

Demographics

The study sample consisted of 12,154 youth participants from the PATH dataset.
The sample characteristics at Wave 1 and Wave 2 are presented in Table 1. At Wave 1,
the number of youth in the 12- to 14-year-old age group was proportionate to those in the
15- to 17-year-old age group (49.2% and 50.8%, respectively). In addition, male
participants were proportionate to female participants (51.4% and 48.4%, respectively).

The majority of participants were white (65.6%).

Table 1
Participants” Demographics
Descriptors Wave 1 (%) Wave 2 (%)
Age
12t0 14 5,975 (49.2%) 5,624 (46.3%)
15to 17 6,179 (50.8%) 5,213 (42.9%)
Missing 0 (0%) 1,317 (10.8%)
Gender
Male 6,249 (51.4%) 5,537 (45.6%)
Female 5,878 (48.4) 5,274 (43.4%)
Missing 27 (0.2%) 1,343 (11%)
Race
White Alone 7,979 (65.6%) 6,970 (57.3%)
Black Alone 1,771 (14.6%) 1,623 (13.4%)
Other 1,780 (14.6%) 1,612 (13.3%)
Missing 624 (5.1%) 1,949 (16%)
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Of the 12,154 study participants, 1,451 (11.9%) reported ever use of an e-cigarette
at Wave 1. Among youth who reported every use of e-cigarette at Wave 1, 75.7% were
15 to 17 years old, 57.8% were male, and 74% were White.

Research Question 1

How has the perceived absolute harm of e-cigarettes and relative harm of e-
cigarettes compared with conventional cigarettes changed between Wave 1 and Wave 2
among a cohort of youth?

Valid responses about the perceived absolute harm of e-cigarettes at both Wave 1
and Wave 2 were provided by 9,964 youth. The respondents’ demographic
characteristics were similar to those of the overall sample with proportionate responses
based on age group and sex. Youth in the 12- to 14-year-old age group accounted for
49.1% of the respondents, and those in the 15- to 17-year-old age group accounted for
50.9%. Males accounted for 51.3% of the respondents, and females accounted for
48.5%. The majority of respondents were White (65.6%). Of the 9,964 youth, 7,008
changed their responses about how much people harm themselves when they use e-
cigarettes between Wave 1 and Wave 2. Table 2 displays the changes in perceived

absolute harm between Wave 1 and Wave 2.

Table 2
Changes in Perceived Absolute Harm Between Wave 1 and Wave 2
Question Response Change between Wave 1 and Wave 2
Yes (%) No (%)

How much people No harm 780 (11.1%) 44 (1.5%)

harm themselves A little harm 2,057 (29.4%) 568 (19.2%)

when they Use e- Some harm 2,620 (37.4%) 1,545 (52.3%)

A lot of harm 1,551 (22.1%) 799 (27%)

cigarettes Total 7.008 2 956
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Table 3 displays the perceived absolute harm of e-cigarettes at Wave 1 and Wave
2. At both Wave 1 and Wave 2, most youth perceived some harm (41.8% and 37.8%,
respectively) in terms of how much people harm themselves when they use e-cigarettes.
The proportion of youth who perceived no harm, a little harm, or some harm in terms of
how much people harm themselves when they use e-cigarette decreased from Wave 1
compared with Wave 2 (8.3% vs. 5.9%, 26.3% vs. 18.4%, and 41.8% vs. 37.8%,
respectively). However, the proportion of youth who perceived “people harm themselves
a lot when they use e-cigarettes” increased from Wave 1 compared with Wave 2 (23.6%
and 34.5%, respectively). A paired-samples t test was conducted to evaluate the change
in absolute perceived harm between Wave 1 and Wave 2 among youth. There was a
statistically significant increase in absolute perceived harm from Wave 1 (M = 2.81, SD =
.890) to Wave 2 (M = 3.01, SD = .894), t(9963) = 15.895, p < .001, d = 0.2. Cohen’s d

indicated a small effect size.

Table 3
Perceived Absolute Harm of E-cigarettes
Question Response Wave 1 (%) Wave 2 (%)
How much people No_harm 824 (8.3%) 588 (5.9%)
harm themselves A little harm 2,625 (26.3%) 2,175 (21.8%)
when they Use e- Some harm 4,165 (41.8%) 3,764 (37.8%)
cigarettes A lot of harm 2,350 (23.6%) 3,437 (34.5%)
Total 9,964 9,964

Valid responses about the perceived relative harm of e-cigarettes compared with
conventional cigarettes at both Wave 1 and Wave 2 were provided by 8,857 youth. The
respondents’ demographic characteristics were similar to those of the overall sample with
proportionate responses based on age group and sex. Youth in the 12- to 14-year-old age

group accounted for 48.5% of the respondents and those in the 15- to 17-year-old age
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group accounted for 51.5%. Males accounted for 51.3% of the respondents, and females
accounted for 48.5%. The majority of respondents were White (65.7%). Of the 8,857
youth, 5,023 changed their responses about the level of harmfulness of e-cigarettes
compared with smoking cigarettes between Wave 1 and Wave 2. Table 4 displays the
changes in perceived relative harm of e-cigarettes compared to conventional cigarettes
between Wave 1 and Wave.

Table 4

Changes in Perceived Relative Harm of E-Cigarettes Compared with Conventional
Cigarettes

Question Response Change between Wave 1 and Wave 2
Yes (%) No (%)
Level of Less harmful 2,670 (53.2%) 2,101 (54.8%)
harmfulness of e-  About the same 1,944 (38.7%) 1,695 (44.2%)
cigarettes compared  More harmful 409 (8.1%) 38 (1%)
to smoking Total 5,023 3,834
cigarettes

Table 5 displays the perceived relative harm of e-cigarettes compared with
conventional cigarettes at Wave 1 and Wave 2. At Wave 1, most youth perceived e-
cigarettes to be less harmful compared with conventional cigarettes (53.9%). The
proportion of youth who perceived e-cigarettes to be less harmful compared with
conventional cigarettes decreased between Wave 1 and Wave 2 (53.9% and 44.3%,
respectively). However, the proportion of youth who perceived the harmfulness of e-
cigarettes to be about the same compared with conventional cigarettes increased between
Wave 1 and Wave 2 (41.1% and 46.7%, respectively). Similarly, the proportion of youth
who perceived e-cigarettes to be more harmful compared with conventional cigarettes
increased between Wave 1 and Wave 2 (5% and 9%, respectively). A paired-samples t

test was conducted to evaluate the change in perceived relative harm between Wave 1
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and Wave 2 among youth. There was a statistically significant increase in perceived
relative harm from Wave 1 (M = 1.51, SD = .592) to Wave 2 (M = 1.65, SD =.639),

t(8856) = 14.623, p < .001, d = 0.2. Cohen’s d indicated a small effect size.

Table 5
Perceived Relative Harm of E-Cigarettes Compared with Conventional Cigarettes
Question Response Wave 1 (%) Wave 2 (%)
Level of Less harmful 4,771 (53.9%) 3,920 (44.3%)
harmfulness of e-  About the same 3,639 (41.1%) 4,138 (46.7%)
cigarettes compared More harmful 447 (5%) 799 (9%)
to smoking Total 8,857 8,857
cigarettes

Research Question 2

Do changes in the absolute perceived harm of e-cigarettes coincide with changes
in e-cigarette use status between Wave 1 and Wave 2?

Valid responses about perceived absolute harm at both Wave 1 and Wave 2 were
available from 706 new e-cigarette users and 7,813 non-new e-cigarette users at Wave 2.
The respondents’ demographic characteristics were similar to those of the overall sample
with proportionate responses based on age group and sex. Youth in the 12- to 14-year-
old age group accounted for 49.1% of the respondents, and those in the 15- to 17-year-old
age group accounted for 50.9%. Males accounted for 51.2% of the respondents, and
females accounted for 48.5%. The majority of respondents were White (65.4%). Table 6
displays the perceived absolute harm at Wave 1 and Wave 2 among new e-cigarette
users. Among new e-cigarette users, the proportion who perceived no harm in terms of
how much people harm themselves when they use e-cigarettes increased between Wave 1
and Wave 2 (8.5% and 16.1%, respectively). The proportion who perceived a little harm,

in terms of how much people harm themselves when they use e-cigarettes also increased
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between Wave 1 and Wave 2 (27.2% and 41.9%, respectively). However, the proportion
who perceived some harm in terms of how much people harm themselves when they use
e-cigarettes decreased between Wave 1 and Wave 2 (41.5% and 33%, respectively).
Likewise, the proportion who perceived a lot of harm in terms of how much people harm
themselves when they use e-cigarettes decreased between Wave 1 and Wave 2 (22.8%
and 8.9%, respectively). A paired-samples t test was conducted to evaluate the change in
perceived absolute harm between Wave 1 and Wave 2 among new e-cigarette users.
There was a statistically significant decrease in perceived absolute harm from Wave 1 (M
=2.79, SD = .892) to Wave 2 (M = 2.35, SD = .854), t(705) = 9.453, p <.001, d = 0.5.

Cohen’s d indicated a medium effect size.

Table 6
Perceived Absolute Harm Among New E-Cigarette Users
Question Response Wave 1 (%) Wave 2 (%)
How much people No_harm 60 (8.5%) 114 (16.1%)
harm themselves A little harm 192 (27.2%) 296 (41.9%
when they use e- Some harm 293 (41.5%) 233 (33%)
cigarettes A lot of harm 161 (22.8%) 63 (8.9%)
Total 706 706

Table 7 displays the perceived absolute harm at Wave 1 and Wave 2 among non-
new e-cigarette users. Among the non-new e-cigarette users, the proportion who
perceived no harm, a little harm, or some harm in terms of how much people harm
themselves when they use e-cigarettes decreased between Wave 1 and Wave 2 (8.4% vs.
5.3%, 26.1% vs. 20.8%, 41.8 vs. 38.7%, respectively). However, the proportion who
perceived people harm themselves a lot when they use e-cigarettes increased from Wave
1 (23.7%) compared with Wave 2 (35.2%). A paired-samples t test was conducted to

evaluate the change in perceived absolute harm between Wave 1 and Wave 2 among non-
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new e-cigarette users. There was a statistically significant increase in perceived absolute
harm from Wave 1 (M = 2.81, SD =.893) to Wave 2 (M = 3.04, SD = .878), t(7812) =

16.167, p <.001, d = 0.3. Cohen’s d indicated a medium effect size.

Table 7
Perceived Absolute Harm Among Non-New E-Cigarette Users
Question Response Wave 1 (%) Wave 2 (%)
How much people No_harm 656 (8.4%) 414 (5.3%)
harm themselves A little harm 2,041 (26.1) 1,628 (20.8%)
when they use e- Some harm 3,262 (41.8%) 3,020 (38.7%)
cigarettes A lot of harm 1,854 (23.7%) 2,751 (35.2%)
Total 7,813 7,813

Test of Hypothesis 1

Perceived relative harm of e-cigarettes compared with conventional cigarette, age,
gender, and smoking status are not associated with e-cigarette use at Wave 1. All
predictors were entered into the model simultaneously.

A test of the full model against a constant-only model was statistically significant
X2 (5, N =11164) = 2676.417, p < .01. In this model, the Hosmer-Lemeshow Test
indicated support for the model, X? (7, N = 11164) = 7.363, p = .392. The Cox & Snell
Square and the Nagelkerke R Square values indicated between 21.3% and 39.96% of the
variability is explained by the model. Respondents who perceived e-cigarette to be less
harmful than conventional cigarettes were more likely to have used e-cigarettes (OR =
.372; 95% CI [.319, .433], p <.01). Similarly, the results showed those who perceived e-
cigarettes as more harmful than conventional cigarettes were less likely than those who
perceived e-cigarettes as less harmful than conventional cigarettes to report having used
e-cigarettes (OR = .364; CI [.248, .532], p < .05). Those who were 15 to 17 years old

were more likely than those 12 to 14 years old to report having used e-cigarette (OR =
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2.050; 95% CI [1.767, 2.379], p < .01). Females were less likely than males to report
having used e-cigarettes (OR = .747; 95% CI [.651, .856], p < .01). Those who had never
tried smoking conventional cigarettes were less likely than those who had tried smoking
conventional cigarettes to have used e-cigarettes (OR =.052, 95% CI [.045, .060], p <
.01).

Test of Hypothesis 2

Among e-cigarette non-users at Wave 1, perceived relative harm of e-cigarettes
compared with conventional cigarette, age, gender, and smoking status are not associated
with subsequent use of e-cigarettes at Wave 2. All predictors were entered into the model
simultaneously.

A test of the full model against a constant-only model was not statistically
significant X2 (5, N = 1378) = 4.257, p = .513. In this model, the Hosmer-Lemeshow
Test indicated support for the model, X? (8, N = 11164) = 6.251, p = .619. The Cox &
Snell Square and the Nagelkerke R Square values indicated that less than 1% of the
variability is explained by the model. The Wald criterion demonstrated perceived
relative harm of e-cigarettes compared with conventional cigarette, age, gender, and
smoking status did not contribute significantly to the model.

Test of Hypothesis 3

Among e-cigarette non-users at Wave 1, perceived absolute harm of e-cigarettes
is not associated with susceptibility to use of e-cigarettes.

Chi-square test for independence showed that there was a statistically significant
relationship between perceived harm of e-cigarettes and susceptibility to use of e-

cigarettes, X2 (3, N = 10383) = 667.932, p < .01. Table 8 displays the association
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between perceived absolute harm of e-cigarettes and susceptibility to use e-cigarettes.
The proportion of youth who perceived a lot of harm in response to how much people
harm themselves when they use e-cigarettes was higher among those who had a firm

intention not to try e-cigarettes compared with those susceptible to use of e-cigarettes

(30.3% and 9.5%, respectively).

Table 8
Perceived Absolute Harm of E-Cigarette Based on Susceptibility
Question Response Susceptible to use of e-cigarettes
Yes (%) No (%)
No harm 259 (12.1%) 415 (5%)

How much people

harm themselves . Hitle harm 826 (38.5%) 1,646 (20%)
when they use e-  SCMe harm 857 (39.9%) 3,682 (44.7%)
cigare);tes A lot of harm 203 (9.5%) 2,495 (30.3%)
Total 2,145 8,238
Test of Hypothesis 4

Susceptibility to use of e-cigarettes at Wave 1 is not associated with use of e-
cigarettes at Wave 2.

Chi-square test for independence showed there was a statistically significant
relationship between susceptibility to use of e-cigarettes at Wave 1 and e-cigarettes use
status at Wave 2, X? (1, N = 7841) = 5.415, p < .05. Among new e-cigarettes users at
Wave 2, 9.6% were susceptible to use of e-cigarettes, and 7.8% were not susceptible to
use of e-cigarettes at Wave 1. Table 9 displays the association between susceptibility to

use e-cigarettes at Wave 1 and new e-cigarettes use status at Wave 2.
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Table 9
New E-Cigarette Use Status Based on Susceptibility
Question Response Susceptible to use of e-cigarettes
Yes (%) No (%)
New e-cigarette  Yes 155 (9.6%) 489 (7.8%)
user

No 1,454 (90.4%) 5,743 (92.2%)
Total 1,609 6,232

Summary of Results

Data analyses were conducted to answer the research questions and hypotheses
outlined in Chapter 1. The demographic characteristics of the participants for the
analysis were similar to those of the overall study sample. In terms of the research
questions, the analyses showed perceived absolute harm of e-cigarettes and relative harm
of e-cigarettes changed overtime, and changes in perceived absolute harm coincided with
changes in e-cigarette use. Regarding the hypotheses, all but one of the null hypothesis
was rejected in favor of the alternative. The analyses showed perceived relative harm of
e-cigarettes compared with conventional cigarette, age, gender, and smoking status were
associated with e-cigarette use at Wave 1, but these factors were not associated with
subsequent e-cigarette use at Wave 2. The analyses also showed perceived absolute harm
of e-cigarettes was associated with susceptibility to use of e-cigarettes and susceptibility

to use of e-cigarettes was associated with subsequent e-cigarette use.
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Chapter 5: Discussion
Introduction to the Chapter

In this chapter, the interpretation, examination, and inferences of the study results
are presented. The chapter includes discussion about the implications of the findings.
The limitation and delimitations of the study are presented. This chapter includes
recommendations and contains a summary of the entire paper.

Discussion and Interpretation of Results

Changes in Perceived Harm of E-Cigarettes

This is the first study to employ a large, nationally representative longitudinal
survey data to examine perceived harm of e-cigarette and e-cigarette use among youth.
Overall, most youth expressed that some harm is associated with e-cigarette use.
Remarkably, perceived harm of e-cigarettes did not remain stagnant among youth, but
changed overtime. General responses from youth concerning the perceived absolute and
relative harm associated with e-cigarettes changed between Wave 1 and Wave 2. The
findings indicated overtime, there was a statistically significant increase in the proportion
of youth who perceived people harm themselves a lot when they use e-cigarettes.
Furthermore, overtime, there was a decrease in the proportion of youth who perceived e-
cigarettes to be less harmful compared with conventional cigarettes.

The baseline (Wave 1) data were collected from September 12, 2013, to
December 14, 2014, and the Wave 2 data were collected from October 2014 to October
2015 (ICPSR, 2017). Due to the overlapping timeframe in which the PATH study data

were collected, it was difficult to ascertain the underlying reasons for changes in
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perceived harm or identify tobacco control developments that may have contributed to
these changes.

Although characterization of the hazards and safety concerns with e-cigarettes in
the literature may provide insight into the escalating concerns with e-cigarette harm, most
of the reports were not published during the data collection interval and may not be
relevant to the changes in perceived harm, but still warrant consideration. Published
reports have identified numerous incidents of burn injuries and explosions related to e-
cigarettes. Studies indicated certain conditions can cause e-cigarette batteries to overheat
and or explode, which could lead to burn injuries (Brownson et al., 2016; Walsh et al.
2016). Corey et al. (2018) found 26 e-cigarette battery-related burn injuries led to
emergency department visits in the United States and were captured in the Nationally
Electronic Injury Surveillance System in 2016. Most of the injuries were thermal burns
to the upper leg or lower trunk while the e-cigarette batteries were in the user’s pocket.
These findings were consistent with other reports of e-cigarette-related burn injuries
(McKenna, 2017; Rudy & Durmowicz, 2016; Toy et al., 2017). One report noted a
consumer complaint about an e-cigarette exploding in the consumer’s mouth while
driving that resulted in second-degree burns to the face (Chen, 2013). Durmowicz et al.
(2016) also found that e-cigarette-related burn injuries were not confined to users, but
also extended to non-users.

Similar to reports about burn injuries, published reports of associated e-cigarette
adverse events did not coincide with the timeframe between Wave 1 and Wave 2 data
collection period for the PATH study, but merit consideration in the context of

information about e-cigarette harm. Published reports highlighted adverse events
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associated with e-cigarette use, but a causal relationship between the adverse events and
e-cigarette use could not be made. Serious adverse events related to e-cigarettes reported
by complainants included possible infant death secondary to choking on e-cigarette
cartridge, loss of vision requiring surgery, seizure, pneumonia, congestive heart failure,
chest pain, and rapid heartbeat (Chen, 2013). In one study, researchers found frequent e-
cigarette-associated adverse events included mouth or throat irritation, nausea, anxiety,
insomnia, and depressed mood (Liu et al., 2018). In one study, researchers found that e-
cigarette use may increase the risk of myocardial infraction (Alzahrani et al., 2018). In
another study, researchers found prolonged exposure to some constituents of e-cigarette
aerosols might be associated with respiratory complications, including chronic
obstructive pulmonary disease, asthma, and inflammation (Kaur et al., 2018).

In addition to the plethora of reports of adverse events associated with e-cigarette
use, the public health efforts to prevent youth initiation and use of e-cigarettes merits
consideration in assessing possible contributors to changes in perceived harm of e-
cigarettes. In 2016, in a surgeon general’s report on e-cigarette use among youth and
young adults, public health concerns were highlighted with these products. E-cigarettes
may contain harmful constituents (USDHHS, 2016). Most e-cigarettes contain nicotine,
an additive chemical that can cause harm to the developing adolescent brain (USDHHS,
2016). The Family Smoking Prevention and Tobacco Control Act requires the FDA to
take a public health approach when developing regulations for tobacco products (FDA,
2018). This approach includes consideration for both users and non-users. Under the
FDA 2016 deeming rule, e-cigarettes with nicotine are required to carry an addiction

warning statement (FDA, 2018). In 2018, the FDA launched a campaign that included
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focused messages about the dangers of nicotine in e-cigarettes to help discourage youth
initiation and use of e-cigarettes (FDA, 2019). The CDC features a Web page, which
contains resources to start a conversation about public health concerns with e-cigarettes
and young people (CDC, 2018). The Web page includes quick facts about the risks of e-
cigarettes to kids, teens, and young adults. The effects of these efforts by the FDA and
CDC have not been reported in the literature. However, the steps taken by these national
public health agencies underscore the concerns with e-cigarette use among youth in the
United States.

Another notable finding from the dissertation study is that changes in perceived
absolute harm of e-cigarettes coincided with changes in e-cigarette use between waves.
Among new e-cigarette users, the proportion who perceived no harm or a little harm in
terms of how much people harm themselves when they use e-cigarettes increased
between Wave 1 and Wave 2 while the proportion who perceived some harm or a lot of
harm decreased between Wave 1 and Wave 2. On the contrary, among youth who
continued to be non-new e-cigarette users, the proportion who perceived no harm or a
little harm in terms of how much people harm themselves when they use e-cigarettes
decreased between Wave 1 and Wave 2 while the proportion who perceived some harm
or a lot of harm increased between Wave 1 and Wave 2. The dissertation study design
did not allow for inference as to whether the changes in perceived absolute harm of e-
cigarettes occurred prior to, concurrently with, or proceeding e-cigarette use.
Nevertheless, the findings indicated perceived harm may play a role in e-cigarette use
status. The findings may also be reflective of the state of cognitive dissonance in this

population.
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These findings are consistent with the theory of reasoned action, which presents
that perceived consequences of an action may predict behavioral intention and future
behavior (Azjen & Fishbein, 1980). In two previous cross-sectional studies, researchers
examined perceived harm and e-cigarette use among youth and found an association
between perception of e-cigarettes as less harmful than conventional cigarettes and an
increase in e-cigarette use (Ambrose et al., 2014; Amrock et al., 2015). Data from the
2016 National Youth Tobacco Survey (NYTS) showed self-reported reasons for e-
cigarette use among middle and high school students who are e-cigarette users included
the belief that “they are less harmful than other forms of tobacco such as cigarettes” (Tsai
etal., 2018). Likewise, studies in the adult population also indicated an association
between perception of e-cigarettes as less harmful than conventional cigarettes and an
increase in e-cigarette use (Adkison et al., 2013; Choi & Foster, 2014; Goniewicz et al.,
2013; Pepper & Brewer, 2014; Pearson et al., 2012; USDHHS, 2016). Results of the
dissertation study was used to extend the previous cross-sectional study findings by not
only indicating an association between perceived absolute harm and e-cigarette use but
also presented insight into changes in perceived absolute harm of e-cigarettes among
youth who progressed overtime from being never e-cigarette users to becoming an e-
cigarette user.

Perceived Harm, Age, Gender, Smoking Status, and E-Cigarette Use

The investigator examined factors associated with e-cigarette use. One unique
aspect of the dissertation study was the exploration of Wave 1 factors in terms of
association with subsequent e-cigarette use at Wave 2. The hypothesis that perceived

relative harm of e-cigarettes compared with conventional cigarette, age, gender, and
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smoking status are not associated with e-cigarette use at Wave 1 was rejected in favor of
the alternative, but these factors did not predict subsequent e-cigarette use at Wave 2. At
Wave 1, the analysis indicated that each variable contributed significantly to the
association with e-cigarette use. Youth who perceived e-cigarettes as more harmful than
conventional cigarettes were less likely than those who perceived e-cigarettes as less
harmful than conventional cigarettes to report that they have used e-cigarettes. Those
who were 15 to 17 years old were more likely than those 12 to 14 years old to report
having used e-cigarettes. Females were less likely than males to report having used e-
cigarettes. Those who have never tried smoking conventional cigarettes were less likely
than those who have tried smoking conventional cigarettes to have used e-cigarettes.

The Wave 1 findings are consistent with findings of previous cross-sectional
studies examining e-cigarette use among youth. Both Ambrose et al. (2014) and Amrock
et al. (2015) found youth who perceived e-cigarettes as less harmful relative to
conventional cigarettes were more likely to have used e-cigarettes and having used other
tobacco products were associated with increase in e-cigarette use. Amrock et al. (2015)
also found that among adolescents, males were more likely than females to use e-
cigarettes, and e-cigarette use increased with age. The findings that these factors did not
predict subsequent e-cigarette use at Wave 2 elucidated the complexity in identifying pre-
disposing factors associated with e-cigarette use.

Perceived Harm and Susceptibility to E-Cigarette Use

The hypothesis that among e-cigarette non-users at Wave 1, perceived absolute

harm of e-cigarettes is not associated with susceptibility to use e-cigarettes was rejected

in favor of the alternative. The findings indicated the majority of youth whether or not
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susceptible to e-cigarette use perceived some harm from e-cigarette use. However, youth
who were susceptible to e-cigarette use were less likely to perceive people harm
themselves a lot when they use e-cigarettes. Among youth susceptible to use of e-
cigarettes, 12.1% perceived no harm from e-cigarette use, and only 9.5% perceived a lot
of harm from e-cigarette use. This finding is concerning given the mounting evidence of
injuries and illnesses associated with e-cigarettes (Alzahrani et al., 2018; Liu et al., 2018;
Rudy & Durmowicz, 2016; McKenna, 2017; Toy et al., 2017).

The findings that perceived absolute harm of e-cigarettes was associated with
susceptibility to use e-cigarettes has extended findings from previous studies, which
indicated susceptibility was associated with e-cigarettes use. As the theory of reasoned
action presents, beliefs influence intentions and intentions influence behavior (Ajzen &
Fishbein, 1980). In previous studies in the context of tobacco use, researchers indicated
risk perception is a powerful predictor of progression to use (Song et al., 2009). Despite
the lack of data about the long-term harm and adverse health effect of e-cigarettes, these
products have increased in popularity and use (Carol Chapman & Wu, 2014). They are
promoted in media accessible to youth (Banerjee et al., 2015). They were also promoted
as a safer alternative to cigarettes (Zhu et al., 2014). These promotions may have belied
growing evidence about the harms associated with e-cigarettes and the lack of long-term
health effect data. Furthermore, the campaigns did not include information about the
varying degrees of dangers associated with e-cigarette use, including the fact that e-
cigarettes are not harmless. Nevertheless, these promotions may have shaped youth’s

beliefs and could lead to acceptability and eventual use of e-cigarettes.
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One of the unique aspects of this dissertation study was the use of longitudinal
data to assess the proportion of youth susceptible to e-cigarettes who progressed to actual
use. The hypothesis that susceptibility to use of e-cigarettes at Wave 1 is not associated
with use of e-cigarettes at Wave 2 was rejected in favor of the alternative. The findings
indicated 9.6% of never-e-cigarette users susceptible to e-cigarette use at Wave 1
reported progression to actual use at Wave 2. Several explanations may support this
finding. The theory of reasoned action presents that intention predicts behavior (Ajzen &
Fishbein, 1980). This dissertation study showed susceptibility (i.e., the absence of a firm
intention not to try an e-cigarette) was associated with a change in behavior (i.e., e-
cigarette use). These findings have supported public health concerns about the increase
use of e-cigarettes among youth. These findings also support the results of a previous
study of middle and high school students in Connecticut, which found susceptibility was
a predictor of future e-cigarette use (Bold et al., 2016).

Another interesting finding from the dissertation study was the proportion of
youth not previously identified as susceptible to e-cigarette use who reported progression
to actual use. This finding indicated that susceptibility alone may not be indicative of
future use of e-cigarettes and underscored the need for multi-prong robust approaches to
prevent e-cigarette use among youth. For example, further research to explore the
reasons and drivers for youth use of e-cigarettes; targeted interventions for marketing,
product design, and accessibility; and focused educational programs delivered via
multiple platforms, such as social media, Internet, and classrooms. The need for
continued surveillance and monitoring of e-cigarette use among youth were highlighted

by the findings of the dissertation study.
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The reasons for progression to e-cigarette use may be explained in part by the
proliferation of e-cigarette advertising in media accessible to youth, including online,
television, ratio, billboards, and advertising featuring celebrities (Banerjee et al., 2015;
Richardson et al., 2014). In addition to availability, promotions via social media and
Internet-based platforms may have played a crucial role in the increase use of e-cigarettes
among youth. The availability of flavored e-cigarettes may have also contributed to
appeal of these products to youth (Tsai et al., 2018). The totality of these marketing
strategies could undermine public health efforts to mitigate e-cigarette use among youth.
Researchers have reported the reasons youth used e-cigarettes include use by friend or
family members, availability of flavors, and the belief that they were less harmful than
other tobacco products (Tsai et al., 2018).

As the dissertation study has indicated, changes in perceived absolute harm of e-
cigarettes coincided with e-cigarette use. Therefore, it is important to consider the role of
perceived harm of e-cigarettes among youth who would not normally experiment with e-
cigarettes. Promotion of e-cigarettes in media accessible to youth could inadvertently
lead to youth initiation of these products. Initiation and use of e-cigarettes among youth
is not benign, given the health-related harms associated with nicotine, including the
negative effects on adolescent’s brain development. Furthermore, substantial evidence
exists regarding potential injuries and illnesses associated with e-cigarettes. In addition,
concerns with e-cigarette use among youth included the potential for progression to

smoking conventional cigarettes (Primack, et al., 2015; Wills et al., 2017).
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Implications

Perceived harm of e-cigarettes may have influenced e-cigarette use among youth.
This large, national, longitudinal dissertation study of youth presents a unique insight into
the association between perceived harm and e-cigarette use. The findings from this
dissertation study were vast and have broad implications for program developments,
public policies, and future research that are aimed at reducing e-cigarette use among
youth. The dissertation study findings may aide with integrating perceived harm into e-
cigarette use prevention strategies and support the development of national policies and
targeted programs to promote youth’s health, safety, and quality of life.
Implications for Program Development

The findings from this dissertation study indicated perceived harm was associated
with susceptibility to use e-cigarettes and susceptibility to use e-cigarettes was associated
with subsequent e-cigarette use. These findings may contribute to the development of e-
cigarette health-related messages tailored to youth and health care providers or other
professionals who interact with youth, which may help shape youth’s perception of e-
cigarette harm. One of the most interesting findings from this dissertation study was that
susceptibility alone may not be indicative of subsequent e-cigarette use. It may be
necessary for programs to aim at mitigating youth use of e-cigarettes by incorporating
diverse approaches that are not solely based on susceptibility factors, but also incorporate
measures to address other factors contributing to e-cigarettes use. Targeted interventions
may include educational strategies in multimedia platforms to address misconceptions
about the harms of e-cigarettes. Interventions may also include community-driven

programs to mitigate e-cigarette use among youth.
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Implications for Public Policies

A major implication from this dissertation study was the need for perceived harm
of e-cigarettes among youth to be included in tobacco control strategies. The findings
indicated changes in perceived harm coincided with changes in e-cigarette use. Although
the long-term health effects of e-cigarettes are debatable, information about potential
injuries and illnesses are available. The findings presented an opportunity for policy
makers to leverage information that is known about e-cigarettes in shaping how youth
view the harmfulness of these products. These findings may be relevant for developing
regulatory policies for the design, marketing, accessibility, or other factors that influence
the perceived harm of e-cigarettes. Public policies may be needed to address the
promotion of e-cigarettes in media or venues accessible to youth. Furthermore, public
policies should address the lack of full disclosure of potential harms from use of e-
cigarettes and the lack of restrictions on where e-cigarettes may be used. Policy makers
may use the findings from this study to support development of public policies that are
aimed at shaping youth’s views of e-cigarettes and reducing e-cigarette use in this
population.
Implications for Research

The dissertation study findings have expanded the knowledge base about e-
cigarettes and added to the dearth of literature about perceived harm of e-cigarettes
among youth. This longitudinal study indicated perceived harm of e-cigarettes changed
overtime. This unique finding may serve as the baseline for future in-depth research to
systematically assess the short-term and long-term perception of harm from e-cigarettes

and further elucidate the complexity of the factors contributing to e-cigarette use. These
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dissertation study findings have supported the need for future research to assess trends in
perceived harm of e-cigarettes overtime, which may help guide interventions and policy
developments. The dissertation study findings were used to highlight the complexity in
determining the drivers for e-cigarette use among youth. Future research is needed to
better understand the factors contributing to youth use of e-cigarettes. Qualitative
research may be needed to dive deeper into the underlying factors shaping youth’s
perceived harm of e-cigarette, and longitudinal research may be needed to better
understand how perceived harm changes and contributes to e-cigarette use.

Limitation and Delimitations

The study was confined to youth who participated in the PATH Study, which
included individuals who lived in civilian, non-institutionalized settings in the United
States (Hyland et al., 2017). The theory of reasoned action presents that attitudes and
subjective norms influence intentions. This dissertation study did not address subjective
norms.

This dissertation study has several limitations. The study findings are limited to
non-institutionalized youth living in civilian sectors in the United States. The study
design did not allow for causal inferences. The study used secondary data; therefore, the
measures may not have been ideal for the dissertation study. The data analyzed in this
study were based on self-reports; therefore, there is a potential for biased responses. For
example, the PATH study participants may have intentionally or inadvertently
misreported history of use of e-cigarettes. Exposures to e-cigarette advertising and socio-
economical influences were not assessed in this dissertation study. These factors could

be confounders in examining relationships between perceived harm and e-cigarette use.
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Recommendations

Although the findings from this dissertation study presents unique insight into the
relationship between perceived harm and e-cigarette use, further research is needed to
support tobacco control strategies and reduce e-cigarette use among youth. Debates
about the role of e-cigarette in the tobacco harm trajectory should be guided by a
scientific foundation that addresses the effect of these products on youth. Examining
perceived harm of discrete or distinguish e-cigarette product characteristics overtime may
assist policy makers with developing regulatory guidelines for e-cigarette design features
to curb uptake among youth. One area of interest would be determining whether
perceived harm of e-cigarette changes as e-cigarette products evolve overtime or whether
perceived harm varies based on e-cigarette product design. Likewise, evaluating
perceived norm about e-cigarettes may be useful in understanding the underlying reasons
youth use e-cigarettes. Such research may help to better understand the relationship
between perceived harm, norms, and e-cigarette use.

In addition to research, targeted interventions may help address the increase in e-
cigarette use. Several researchers reported about findings for programs that addressed
illicit substance use among youth (Cuijpers, 2002; Das et al., 2016; Edalati & Conrod,
2019; NIDA, 2018b). However, the extent to which these programs may be applicable to
e-cigarette use is unknown. Most of the substance use prevention programs were school
based and included targeted interventions. For example, Das et al. (2016) found
interventions for preventing drug abuse among youth included school-based interventions
with combination approaches that focused on social competence and social influences.

Edalati and Conrod (2019) found that targeting risk factors, such as anxiety, impulsivity,
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sensation seeking, hopelessness, and sensitivity, in high-risk adolescent were effective in
preventing drug use. NIDA recommends research-based prevention programs that
enhance protective factors and reverse or reduce risk factors (NIDA, 2018b).

One issue with the varying degrees of substance use prevention program was the
lack of standardized measures for interventions and outcomes (Das et al., 2016). In
addition, the effectiveness of Internet-based programs is unknown. Although, approaches
similar to those used for illicit substance use prevention may be considered for addressing
e-cigarette use among youth, the programs should be tailored to e-cigarette use. The
programs should include education about the harms associated with e-cigarette use, not
merely based on the degree of harm associated with e-cigarettes compared with other
abused substances. Despite the lack of evidence for Internet-based programs,
consideration about the proliferation of information on Internet-based platforms,
including social media, and accessibility to various flavors and e-cigarette designs may
be important. Research may be useful to inform interventions for preventing e-cigarette
use among youth and may help guide policies, school-based programs, mass media
campaigns, and other targeted interventions.

Future qualitative and longitudinal studies are also needed to further understand
how youth develop a perception of harm for e-cigarettes and perceived norms related to
e-cigarette use. Findings from such research may be utilized to guide policy discussions
and interventions that are aimed at discouraging youth from using e-cigarettes. Another
area of interest would be exploring the circumstances under which youth uses e-cigarettes
and investigating whether perceived harm coincides with circumstances of use. This

information may assist with targeted interventions, including communication and
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education strategies that are aimed at addressing misperception about the harm of e-
cigarettes.

Tobacco control strategies should incorporate measures to ensure prevention of e-
cigarette use among youth is at the forefront of any guidelines on e-cigarette design,
marketing, and accessibility. The scale of these prevention efforts should align with the
massive magnitude of the problem with escalating use of e-cigarettes among youth. The
enormous efforts undertaking with anti-tobacco smoking campaigns may provide insight
into the level of effort needed to combat the increase in e-cigarette use among youth.
Longitudinal studies are needed to assess the aggregate effect of perceived harm, norms
and e-cigarette use among youth at the population level. Policy makers should ensure
actions are taken at all levels of society in order to inform youth about the dangers of e-
cigarettes and mitigate use in this population.

Summary

E-cigarettes were intertwined in the evolution of tobacco product types and were
central to debates about the tobacco harm trajectory, including effect of innovative
products on population health. The emergent of e-cigarettes as an innovative tobacco
product type have been compared with the paradigm shift in tobacco use ignited by
conventional cigarettes in the early 20" century (USDHHS, 2016). The negative health
effects of tobacco use are well documented. However, long-term effect of e-cigarettes on
overall population health is unknown. Nevertheless, these products are of abundance in
the United States and are the most prevalent tobacco product type used by youth (Cullen
etal., 2018). Hence, mitigating e-cigarette use among youth is a major public health

priority.



71

Although a plethora of studies have highlighted the negative health effects of
tobacco use, the health consequences of e-cigarettes are not fully characterized. E-
cigarettes were constantly evolving and varied in design and composition. Some e-
cigarettes were designed to resemble other tobacco products, such as cigarettes, and
others resembled common everyday items, such as pens or memory sticks (FDA, 2019).
E-cigarettes were often promoted in media accessible to youth (Banerjee et al., 2015). In
addition, they may be used in places where smoking was prohibited (Etter & Bullen,
2011; Granaet al., 2011). E-cigarettes were often promoted as a safer alternative to
cigarettes and may be used in places where smoking is prohibited (Etter & Bullen, 2011;
Grana et al., 2011). The diverse profile of e-cigarettes and the relatively short historical
timeline of these products complicated assessments of the overall health effects, but the
potential negative effect on youth have been a driving concern about these products.

Researchers found most e-cigarettes contained nicotine or other harmful
constituents and may have adverse effect on youth’s brain development (Cheng, 2014;
FDA, 2014, Goniewicz, Knysak, et al., 2014; USDHHS, 2014, 2016). No tobacco
product types, including e-cigarettes, have been found to have benign effect on youth. In
the face of these concerns, e-cigarette advocates contended that these products may be
used as a smoking cessation tool geared towards adults and thus served a role in reducing
overall tobacco-related harm. However, researchers have provided mixed results about
the usefulness of e-cigarettes as smoking cessation tools and a clear health benefit of e-
cigarette is yet to emerge (Adkinson et al., 2013; Bullen et al., 2013; Caponnetto et al.,

2013; Vikerman et al., 2013). These research studies were conducted prior to the
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issuance of FDA’s 2016 deeming rule, which extended FDA’s regulatory authorities to
other tobacco products, including e-cigarettes (FDA, 2018).

Concerns about e-cigarettes stems in part from the alarming proportion of youth
who reportedly have used these products (Cullen et al., 2018). The concerns extended
beyond use of e-cigarettes in it of itself to the products being used as a gateway to other
tobacco products and could potentially renormalize tobacco use, including smoking
(Fairchild et al., 2014; Rigotti, 2015). Despite these concerns, the reasons youth
experiment with and use e-cigarettes are not fully understood, and little is known about
perceived harm of e-cigarettes in association with e-cigarette use among this population.

Studies that have evaluated youth’s perceived harm of e-cigarettes are scant.
Several health research studies have been guided by the theory of reasoned action, which
presents that beliefs about the positive and negative consequences of an action is a key
predictor of behavioral intentions and future behavior (Azjen & Fishbein, 1980;
Martinasek et al., 2017; Trumbo & Kim, 2015). With the dissertation study, framed
within the theory of reasoned action, the investigator explored associations between
perceived harm, susceptibility to use of e-cigarettes, and e-cigarette use.

The investigator utilized a subset of data from Wave 1 and Wave 2 of the PATH
study to address the research questions and hypotheses. The PATH study used a
stratified probability sampling design and captured data from non-institutionalized
participants using self-reported questionnaires. The dissertation study was restricted to
the youth who participated in the PATH study, and the sample was selected based on age,
awareness of e-cigarettes, and e-cigarette use. Secondary analyses of the PATH study

data were performed to address the research questions and hypotheses.
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The data was analyzed using SPSS, and a two-tailed p less than .05 was
considered statistically significant, unless otherwise noted. Data from 12,154 youth
participants from the PATH study were analyzed. The demographic characteristics of the
participants in terms of age group, gender, and race at Wave 1 were comparable with the
characteristics at Wave 2. At Wave 1, the number of youth who were 12 to 14 years old
was proportionate to those who were 15 to 17 years old. Likewise, the number of male
participants was proportionate to female participants. Whites accounted for most of the
participants.

Both perceived absolute harm of e-cigarettes and relative harm of e-cigarettes
compared with conventional cigarettes increased from Wave 1 to Wave 2. However,
among new e-cigarette users, perceived absolute harm of e-cigarettes decreased from
Wave 1 to Wave 2 while among non-new e-cigarette users, perceived absolute harm of e-
cigarettes increased from Wave 1 to Wave 2. At Wave 1, perceived relative harm of e-
cigarettes compared with conventional cigarettes, age, gender, and smoking status were
associated with e-cigarette use, but these factors were not associated with subsequent use
of e-cigarettes at Wave 2. Perceived absolute harm of e-cigarettes was associated with
susceptibility to use of e-cigarettes, and susceptibility to use of e-cigarettes at Wave 1
was associated with use of e-cigarettes at Wave 2.

The dissertation study findings indicated perceived harm of e-cigarettes changed
overtime and coincided with changes in e-cigarette use among youth. The underlying
reasons for these changes are unknown. The dissertation study findings also indicated

perceived harm of e-cigarettes may be associated with susceptibility and use of e-
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cigarettes. These findings are consistent with the theoretical framework of the theory of
reasoned action, which presents that intention is in part a function of belief.

The dissertation study findings were used to expand the limited literature about
perceived e-cigarette harm among youth and may help shape the debate surrounding e-
cigarettes in the context of population health. The results may be used to inform tobacco
control strategies, including program developments, policy decisions, and future research
aimed at curtailing e-cigarette use among youth. Public policies will inevitably play a
critical role in mitigating e-cigarette use among youth and efforts to guide policy
developments are paramount to public health strategies aimed at reducing negative health
consequences. Debates about the role of e-cigarettes in the tobacco harm trajectory must
include assessment of the effect of perceived harm on youth initiation in concert with
efforts to reduce tobacco-related injuries and death. Although this dissertation study was
used to elucidate the association between perceived harm and e-cigarette use, additional
research is needed to better understand the intricacies of these relationships.

The dissertation study has some limitations. The study design did not allow for
conclusions to be drawn about causal connection. The use of self-reported data
introduced the potential for biased responses, including misreported e-cigarette use status.
Potential confounding factors of the relationship between perceived harm and e-cigarette
use, including being exposed to e-cigarette advertisements or other socio-economical
influences, were not assessed. Despite these limitations, the dissertation study findings
have underscored the role of perceived harm in relationship to e-cigarette use among

youth. Future studies are needed to further understand the underlying reasons youth use
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e-cigarettes and to inform program and policy developments aimed at reducing youth use

of e-cigarettes.
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