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Abstract of Dissertation
Applying Social Cognitive Theory to Identify Predictors of Electronic Nicotine Product
Use Trajectories and Cessation

Electronic nicotine products (ENPs) are considered less harmful than cigarettes
and could contribute to harm reduction if they facilitate sustained smoking cessation. On
the other hand, ENPs may impede harm reduction and smoking cessation efforts if they
are concurrently used with cigarettes for an extended duration, lead to smoking relapse
among former smokers, or contribute to cigarette smoking initiation among never
smokers. Additionally, ENPs have independent health risks and their long-term effects
are unknown.

In this dissertation, Population Assessment of Tobacco and Health (PATH) study
data was analyzed to identify trajectories of ENP and cigarette use among adult ENP
users. Informed by Social Cognitive Theory (SCT), cognitive, behavioral, and socio-
environmental predictors of: 1) ENP and cigarette trajectories; 2) ENP quit attempts and
cessation; 3) combined ENP and cigarette smoking abstinence; and 4) exclusive ENP use,
were examined among ENP users.

Across wave 1 to wave 5, two trajectories of ENP use (declining, consistent) and
four trajectories of cigarette use (abstinent, occasional, declining, consistent) were
identified. The majority of ENP users (52.3%) belonged to the joint trajectory
characterized by declining ENP use and consistent cigarette use. Tobacco and ENP use
characteristics emerged as significant predictors of group membership. Higher nicotine
dependence was associated with membership in more harmful trajectories. Daily ENP use

was associated with membership in less harmful cigarette trajectories but the consistent
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(vs declining) ENP trajectory. Socio-demographic characteristics also differed across
trajectories.

Wave 3 predictors of wave 4 ENP quit attempts, cessation, combined ENP and
smoking abstinence, and exclusive ENP use included several SCT-based factors.
Cognitive factors included interest in quitting ENPs, self-efficacy to quit ENPs, and
perceived risk of ENPs; behavioral factors included cigarette smoking status, and use of
non-combustibles and marijuana. Socio-environmental factors were household ENP rules
and exposure to ENP advertising. However, there were differences in the magnitude and
direction of the relationships between these variables and each of the outcomes
examined.

Findings of this dissertation indicate that SCT offers a useful framework for
guiding ENP cessation and harm reduction interventions. ENPs do not appear to be
displacing cigarette smoking at the population level, which underscores the need to
promote smoking cessation and abstinence among ENP users. Interventions also need to
address co-occurring use of other tobacco products and marijuana. Different cognitive
factors may need to be targeted based on intervention objectives (harm reduction vs harm
prevention) and outcomes (quit attempts vs cessation) of interest. Promoting supportive
physical and social environments, through household vaping restrictions and limiting

exposure to ENP advertising may also facilitate ENP cessation and harm reduction.

Keywords: Electronic nicotine products, tobacco, harm reduction, cessation, social

cognitive theoy
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Chapter 1: Introduction

Study Overview

Since their introduction in the United States (U.S.) market in 2006, electronic
cigarettes (e-cigarettes) and other electronic nicotine products (ENPs) have dramatically
altered the tobacco control landscape. ENPs are considered less harmful than cigarettes
and could contribute to harm reduction if they facilitate sustained smoking cessation. On
the other hand, ENPs may impede harm reduction and smoking cessation efforts if they
are concurrently used with cigarettes for an extended duration, lead to smoking relapse
among former smokers, or contribute to cigarette smoking initiation among never
smokers. ENPs also carry independent health risks and their long-term effects are
unknown.

Current evidence regarding the public health impact of ENPs mainly comes from
modeling studies and research examining short-term transitions in ENP use. There is a
paucity of real-world longitudinal research examining trajectories of ENP use and how
they relate to cigarette smoking trajectories. Additionally, given the independent risks of
ENPs, there is a need to advance ENP cessation research.

The objective of this dissertation is to fill these gaps in the literature by: 1)
identifying trajectories of ENP and cigarette use and predictors of trajectories among
adult ENP users; 2) examining theoretically-informed predictors of ENP quit attempts
and successful cessation among adult ENP users; and 3) identifying theoretically-
informed predictors of combined ENP and cigarette abstinence, and exclusive ENP use
among adult ENP users. Findings can help determine the long-term public health impact

of ENPs and inform interventions across the tobacco control continuum.



Literature Review
Definitions and Terminology

An ENP is a non-combustible battery-operated device that functions by heating a
liquid (e-liquid) (Figure 1). This process generates aerosols or vapors that are inhaled by
the user (Centers for Disease Control and Prevention [CDC], 2020a; Food and Drug
Administration [FDA], 2020b). Thus, the term vaping is often used to refer to the act of
using an ENP. ENPs are commonly used to deliver nicotine but can also deliver other
substances such as cannabis (tetrahydrocannabinol [THC] and cannabidiol [CBD]) and

flavorings.

Figure 1. Parts of an ENP
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Source: https://e-cigarettes.surgeongeneral.gov/documents/2016_SGR_Full Report non-508.pdf

Since their introduction in the U.S. market in 2006, ENPs have evolved
dramatically in design, efficiency and sophistication (Figure 2). First generation ENPs are
similar to cigarettes in design and are commonly referred to as cigalikes. Most first
generation ENPs are designed for single use and are typically discarded once they run out
of charge or e-liquid. Second generation devices more closely resemble pens. Defining

characteristics of second generation ENPs are the use of prefilled or refillable cartridges



that contain e-liquid, and the ability to recharge the device. Third generation devices
allow users to customize and modify the substances in the device. These devices hold e-
liquids in a sub-ohm tank and are hence referred to as mods or tanks. Finally, fourth
generation devices come in a variety of sizes, colors and shapes. Many fourth generation
ENPs look like USB devices. Characteristic features of fourth generation ENPs are the
use of pre-filled pods that contain nicotine or THC, CBD, and flavorings. Fourth
generation ENPs also have a modifiable system and are hence commonly referred to as
pod-mods. Fourth generation ENPs differ from earlier generations of ENPs with regard to
the type of nicotine used. Whereas earlier generations of ENPs use freebase nicotine,
pod-mods utilize nicotine salts, which allow for more potent delivery of nicotine and

other substances.

Figure 2. Different Generations of ENPs

Evolution of the e-cigarette
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Source: https://www.ruthlessvapor.com/blogs/ruthless-e-liquid/
nicotine-salt-devices-vape-pods

The diversity of device features has led to a complicated nomenclature when
referring to these products, which poses difficulties to tobacco control monitoring efforts.

For instance, names used to refer to ENPs include e-cigarettes, e-hookah, mods, vape



pens, vapes and electronic nicotine delivery systems (ENDS) (Pearson, Reed, & Villanti,
2020). Another challenge from the public health perspective is the diversity of substances
that can be consumed using ENPs, which may vary by the type of ENP used (Cwalina et
al., 2020). While ENPs are most commonly used to consume nicotine, they are also
increasingly being used to consume cannabis (Uddin et al., 2020), and can also be used to
deliver flavoring and other solvents. Thus, while terms such as vaping are used to refer to
the act of using an ENP, these terms are not specific to the type of substance consumed.
However, many studies use the term vaping without specifying the substance used, which
is problematic, as the type of substance used has very different risks and implications for
interventions. For instance, the outbreak of e-cigarette or vaping product use-associated
lung injuries (EVALI) was initially attributed to the use of ENPs broadly but was later
largely isolated to the additive vitamin E acetate present in THC (CDC, 2020c).
Therefore, there is a need for greater specificity in terminology surrounding ENP use
(Pearson, Reed, & Villanti, 2020). In this dissertation, the term ENP use refers to the use
of all non-combustible battery-operated devices, and the focus of this dissertation is on

the use and cessation of ENPs primarily used for consuming nicotine.

Public Health Impact of ENPs

In 2010, only 0.3% of adults reported currently using ENPs (McMillen et al.,
2015). By 2014, current ENP use among adults increased to 3.3% (Hu et al., 2016) and
reached an all-time high of 4.5% in 2019 (Cornelius et al., 2020). Increases in ENP use
have been particularly dramatic for young adults. Among the 18-24 year age group,
prevalence of current ENP use increased from 5.5% in 2014 (Hu et al., 2016) to 9.3% in

2019 (Cornelius et al., 2020). ENPs are currently the second most commonly used



tobacco product' among adults (10.9 million current users), after cigarettes (34.1 million
current users) (Cornelius et al., 2020). This rapid increase in the uptake of ENPs has
spurred a large body of research on their health effects and impact on combustible
cigarette smoking.

Research to date strongly suggests that ENPs are less harmful than cigarettes
(National Academies of Sciences, Engineering, and Medicine [NASEM] et al., 2018).
Compared to cigarette users, exclusive ENP users have lower levels of exposure to
toxicants (Czekala et al., 2019; Goniewicz et al., 2017, 2018; Lorkiewicz et al., 2019; St.
Helen et al., 2020). Exclusive ENP use is also associated with reduced respiratory harm
relative to exclusive cigarette or dual use (Bhatta & Glantz, 2020; Cassidy et al., 2020;
Goniewicz et al., 2020). In light of this evidence, harm reduction advocates point to the
potential of ENPs to reduce the overall burden of tobacco related morbidity and mortality
driven by the use of more harmful tobacco products, such as cigarettes (Mendez &
Warner, 2020; Warner, 2019). Thus, the public health impact of ENPs largely depends on

how ENPs affect cigarette smoking.

Impact of ENPs on Cigarettaerfoking

Evidence from randomized controlled trials (RCTs) shows that ENP use is
associated with smoking cessation (Hartmann-Boyce et al., 2021; Wang et al., 2021).
However, outside the context of RCTs, evidence for the harm reduction impact of ENPs
is mixed (Wang et al., 2021) and projections of the public health impact of ENPs are

mostly based on modeling studies (Levy et al., 2017, 2018, 2019, 2021; Mendez &

"ENPs do not contain tobacco but are classified by the U.S. FDA as a tobacco product (see Munafo, 2019
for more on this issue)



Warner, 2020; Soneji et al., 2018). Some modeling studies have shown that ENPs are
likely to have a net positive public health impact by reducing premature deaths and life
years lost (Levy et al., 2017, 2018, 2019, 2021; Mendez & Warner, 2020). However,
these models are based on estimates of key parameters, such as: 1) the proportion of
cigarette smokers, and concurrent ENP and cigarette (dual) users that switch to exclusive
ENP use; and 2) the proportion of ENP users that initiate cigarette smoking. Additionally,
these models rely on strong assumptions, such as no relapse to cigarette smoking. They
also do not take in to account the duration of time cigarette smokers spend in dual use
when transitioning to exclusive ENP use, and the harms associated with nicotine

exposure in non-smoking young adults (Levy et al., 2017, 2018, 2019, 2021; Mendez &

Warner, 2020).
Table 1. Results of PATH Studies Examining Transitions in ENP Use among Adults
W1 W2 or W3 % (95% CI)
Exclusive Exclusive .
Study Dual Use Cigarette Use | ENP Use Neither
Dual users 443 43.5 5.1 7.0
Coleman et al., 2019 (n=2,036) (41.7,47.0) (40.9, 46.2) (4.0, 6.6) (5.9, 8.3)
(W1-W2) Exclusive ENP 13.5 12.2 43 .4 30.9
users (n=896) | (11.3,16.3) (10.0, 14.9) (40.0, 46.8) | (27.5, 34.5)
Miller et al., 2020 Dual users
(WI1-W2)!2 (n=1,082) 25.5 59.2 4.8 6.7
Dual users 28.0 54.9 6.0 11.1
Wei et al., 2020 (n=2,132) (25.7, 30.3) (52.1, 57.6) (4.8,7.5) (9.7, 12.7)
(W1-W2) Exclusive ENP 10.4 12.0 45.0 32.6
users (n=580) (7.9, 13.5) (9.4,15.4) (40.8,49.3) | (28.2,37.2)
Osibogun et al., 2020 Dual users 25.7 55.2 7.0 12.1
(W1-W3) (n=1,870) (23.3, 28.2) (52.4, 58.0) (5.6, 8.9) (10.6, 13.7)

Note. Sample sizes and estimates across studies may vary due to different criteria used for defining ENP and
cigarette use and cessation; 'Total does not add up to 100 as 3.8% transitioned to using cigarettes & a newly
adopted nicotine-containing product; *Confidence intervals not provided in the analysis.

Findings of observational studies do not indicate that ENPs are contributing to
major declines in smoking. Table 1 summarizes results of analyses examining transitions
in ENP and cigarette use among adults from the Population Assessment of Tobacco and

Health (PATH study). These analyses show that over a one-to-two year period, only a



minority of dual users switch to exclusive ENP use (Coleman et al., 2019; Miller et al.,
2020; Osibogun et al., 2020; Wei et al., 2020). The majority maintained harmful patterns
of use by either switching to exclusive cigarette use or maintaining dual use (Coleman et
al., 2019; Miller et al., 2020; Osibogun et al., 2020; Wei et al., 2020).

Dual use may be associated with greater health risks than exclusive ENP use
(Bhatta & Glantz, 2020; Czoli et al., 2019; Goniewicz et al., 2018; Osei, Mirbolouk,
Orimoloye, Dzaye, Uddin, Benjamin, et al., 2019; Stokes et al., 2021). While short-term
dual use could represent a transient state on the pathway to smoking cessation, some
evidence indicates low interest in quitting smoking among dual users (Owusu et al.,
2019; Palmer et al., 2021; Piper et al., 2019). Thus, a sizable segment of smokers may not
be using ENPs to quit smoking and could remain dual users for a prolonged duration.

A different modeling study concluded that ENPs are likely to have a net negative
public health impact by leading to greater cigarette smoking initiation particularly in
youth and young adults (Soneji et al., 2018). This has been corroborated by several
longitudinal studies (Glasser et al., 2019; Hair et al., 2021; McMillen et al., 2019;
Watkins et al., 2018) and two meta-analyses (Khouja et al., 2020; Soneji et al., 2017).
However, some studies have found no significant association between ENP use and
smoking (Pearson, Sharma, et al., 2020), and others caution that existing studies suffer
from numerous methodological limitations that preclude causal conclusions from being
made (Glasser et al., 2019; Khouja et al., 2020). There are also concerns that ENPs could
lead to renormalization of cigarette smoking (Cano et al., 2020; Choi et al., 2017),

reversing decades of progress achieved in curbing the tobacco epidemic.



A number of studies have also found that ENP use among former smokers is
associated with a greater likelihood of smoking relapse (Barufaldi et al., 2021; Dai &
Leventhal, 2019; Everard et al., 2020; McMillen et al., 2019). Thus, current evidence
from observational studies suggests that ENPs do not have a substantial harm reduction
impact. They may potentially contribute to increased harm by leading to sustained dual
use, smoking initiation among never smokers, or smoking relapse among former

smokers. Other negative impacts of ENPs are outlined below.

Health Rsks

While ENPs are considered less harmful than cigarettes based on current evidence
(NASEM et al., 2018), there are concerns about their safety. Given their relative novelty,
much is unknown about their long-term effects (Armendariz-Castillo et al., 2019; Glantz
& Bareham, 2018; Gotts et al., 2019). A recent study that analyzed chemicals in e-liquids
and vaping aerosols found thousands of unidentified chemicals, whose long-term risks
are unknown (Tehrani et al., 2021). The study also identified six potentially harmful
chemicals and some compounds usually associated with combustion, even though ENPs
are marketed as non-combustible products (Tehrani et al., 2021). Additionally, numerous
compounds present in ENPs have already been shown to be independently associated
with several health risks (Armendariz-Castillo et al., 2019; Lorkiewicz et al., 2019; St.
Helen et al., 2020). For instance, ENPs contain several carcinogenic byproducts known to
be associated with specific cancers, such as bladder, and head and neck cancers (Bjurlin

et al., 2020; Flach et al., 2019).



Although exclusive ENP use is associated with reduced respiratory harm relative
to exclusive cigarette smoking or dual use, it is still independently associated with an
increased risk of adverse respiratory outcomes relative to non-use (Bhatta & Glantz,
2020; Chun et al., 2017; Osei, Mirbolouk, Orimoloye, Dzaye, Uddin, Dardari, et al.,
2019; Osei et al., 2020; Wills et al., 2019). Similarly, studies on the oral health effects of
ENPs use have found that while these products are less harmful than conventional
cigarettes, they have independent adverse effects on oral health (Ralho et al., 2019; Yang,
Sandeep, & Rodriguez, 2020). It is also likely that ENPs have negative effects on

cardiovascular health (Buchanan et al., 2020; Skotsimara et al., 2019; Wang et al., 2018).

Nicotine Aldiction

The addictive properties of nicotine are well known. The risks to young adults are
particularly concerning, and include harm to brain development and propensity for
addiction to cigarette smoking and other substance use (Benowitz, 2010). The nicotine
content in ENPs is unregulated in the U.S., and an analysis of market data revealed that
nicotine concentration in ENPs has increased between 2013 and 2018 (Romberg et al.,
2019). Additionally, although e-liquids have labels indicating nicotine content, these
labels are not always accurate. One study that analyzed nicotine content in various
samples of e-liquids manufactured in the U.S. found substantial inaccuracies in nicotine
labeling. For instance, 91.4% of the samples labeled as containing no nicotine were found
to contain nicotine of varying levels (Raymond et al., 2018). Even if nicotine labels are
accurate, nicotine content is conveyed in metrics that are not easy to understand for users

(e.g. mg/ml and percent nicotine). A recent study found that young adults have difficulty



in understanding nicotine levels when conveyed using these metrics (Morean et al.,
2021).

Nicotine exposure from ENPs may be similar to that of cigarettes. An analysis
comparing serum cotinine levels of ENP users and cigarette smokers found that nicotine
levels in ENP users matched and even potentially exceeded nicotine levels of cigarette
smokers (Rapp et al., 2020). Fourth generation ENPs, are especially potent in their
capacity to deliver high doses of nicotine (Hajek et al., 2020). Thus, the potential for
nicotine addiction from using ENPs is high. Anecdotal evidence from media reports
(Ibarra, 2019), as well as findings from qualitative studies (Nardone et al., 2019; Sidani et
al., 2019; Unger et al., 2020), indicate that many ENP users are struggling with nicotine
addiction. Some ENP users even report switching to using combustible cigarettes to help
them quit vaping (Ibarra, 2019; Unger et al., 2020). Thus, while there may be
disagreement as to whether ENPs exert an overall positive or negative effect on public
health and on reducing the overall burden of tobacco use, the current evidence indicates

with certainty that ENPs are by no means objectively safe.

Co-use with Other @stances

While the association between ENP use and cigarette smoking has received much
scrutiny, the association between ENP use and other risky substances, such as cannabis
and alcohol, is also an important consideration when assessing the benefits and harms of
ENPs. ENP use is associated with cannabis and alcohol use, particularly among young
adults (Chadi et al., 2019; Lanza, Motlagh, & Orozco, 2020; Parikh & Bhattacharyya,

2018). In a cross-sectional survey of primary care patients, 10.5% of patients reported
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using cigarettes, ENPs, and marijuana (Thrul et al., 2020). Another cross-sectional study
of young adult ENP users found that the majority of ENP users used another substance —
18% co-used marijuana, 23.4% co-used cigarettes, and 41.8% concurrently used other
tobacco products and marijuana along with ENPs (Berg, Duan, et al., 2020).

While cannabis can be consumed in various forms, vaping cannabis represents a
particularly important risk. Between August 2019 and February 2020, there were 2,807
hospitalizations and 68 confirmed deaths from a severe lung illness, which came to be
known as EVALI (CDC, 2020c). While the illness has been largely attributed to vitamin
E acetate present in THC containing vaping products (Blount et al., 2020; CDC, 2020c),
the CDC concluded that there is insufficient evidence to rule out the contribution of other
chemicals to EVALI (Krishnasamy et al., 2020).

An analysis of 2018 Behavioral Risk Factor Surveillance Study (BRFSS) data
found that 7.1% of current ENP users also vaped cannabis (Uddin et al., 2020). The
substance vaped may vary as a function of the type of device used. For instance, a survey
of young adults in California found that among JUUL, pod vape, cigalike and box mod
users, nicotine was the most common substance vaped, whereas among vape pen users,
THC was most commonly vaped (Cwalina et al., 2020). However, approximately 20% of
users across types of devices reported using both nicotine and THC (Cwalina et al.,
2020). Furthermore, ENP users may simultaneously consume nicotine and cannabis, and
the additive health risks of this form of dual use are unknown (Meier & Hatsukami,
2016). An online survey of California young adults found that approximately 3% of the

sample used e-liquids that contained both nicotine and marijuana (Tucker et al., 2019).
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RegulatoryEfforts to Address ENP Se

The risks associated with ENP use, coupled with rising rates of use, particularly
among youth and young adults, have spurred regulations to curb ENP use, which are
summarized here. Regulatory approaches to curb ENP use include policies pertaining to
classification of ENPs as tobacco products, inclusion of ENPs in smoke-free policies,
taxes, age restrictions, flavor bans, retail licensure and sales restrictions, advertising, and
packaging (O’Connell & Kephart, 2020). In the U.S. the FDA is the federal agency
responsible for regulating all tobacco products. In 2014, the FDA classified ENPs as
tobacco products, hence giving them the authority to regulate ENPs (FDA, 2014). Thus,
FDA regulations for tobacco products such as warning labels and marketing restrictions
also apply to ENPs. In early 2020, the FDA instituted a “flavor ban”, which required
manufacturers and retailers to stop selling all flavors except tobacco and menthol (FDA,
2020a). However, this ban was not comprehensive. It applied only to cartridge based
ENPs and did not apply to e-liquids or devices using open tank systems (FDA, 2020a).

Other policies vary across state and local jurisdictions. Some of these policies,
such as age restrictions, are in effect in all 50 states and the District of Columbia (D.C.).
As of September 2020, 15 states and D.C. had expanded smoke-free policies to include
ENPs, and 26 states and D.C. had some type of ENP tax (CDC, 2020b). As of January
2021, 32 states and D.C. have legislation that requires ENP retailers to have a license
(CDC, 2020b). At the city level, San Francisco became the first city to completely ban all
ENPs (San Francisco Department of Public Health, 2019).

Currently, evidence for the effectiveness of regulatory efforts on curbing ENP use

is mixed and limited. One study examined five types of state regulations (defining e-
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cigarettes, special tax, packaging, youth access and licensure) in all 50 states and D.C.,
and found that each of the five laws was associated with a lower likelihood of ENP
initiation and current use (Jun & Kim, 2021). However, other research suggests that
regulations could have unintended negative consequences.

Friedman et al. (2021) found that the addition of vaping restrictions to smoke-free
air laws did not reduce vaping among young adults, and instead attenuated the smoke-
free policy’s impact on current smoking. ENP flavor bans (Posner et al., 2021; Yang,
Lindblom, et al., 2020) and increases in ENP taxes (Pesko et al., 2020) may lead to
increases in cigarette smoking, and other regulations, such as vaping bans, could drive
users to illegal marketplaces (Freitas-Lemos et al., 2021). Thus, regulations developed to

curb ENP use need to be closely monitored for unintended negative effects.

Nicotine Vaping Cessationnterventions

In response to rising rates of ENP use, health departments, healthcare providers
and researchers have rapidly mobilized to develop interventions to help ENP users quit.
However, research on ENP cessation has lagged, and as a result, few interventions are
informed by empirical evidence. Current cessation resources being offered are similar to
those proven to be effective for smoking cessation, many of which are based on Social

Cognitive Theory (SCT) (Bandura, 1986).

Behavioral hterventions

Digital Programs. As rates of ENP use are high among young adults, many cessation

resources cater to this population and include digital programs, such as text messaging
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programs and smartphone apps. However, few have formally been tested in RCTs. One
exception is This is Quitting a text messaging program developed by the Truth Initiative®
to help young adults quit vaping (Graham, Jacobs, & Amato, 2020; Graham, Jacobs,
Amato, et al., 2020; Graham et al., 2021). Findings showed that vaping abstinence rates
at 7-months post randomization were significantly higher in This is Quittingparticipants
(24.1%) vs control group participants (18.6%) (Graham et al., 2021).

The program utilizes several principles from SCT, such as increasing motivation
to quit, building self-efficacy to quit, providing social support, communicating social
norms, promoting observational learning, and building behavioral capability (Graham,
Jacobs, Amato, et al., 2020). To meet the urgent need for nicotine vaping cessation
assistance, the program was launched prior to formally being evaluated in an RCT.
Within five weeks of its launch, the program attracted 13,421 teens and 13,750 young
adults, indicating high demand for help to quit vaping nicotine (Graham, Jacobs, &
Amato, 2020). The program had high engagement and at 3-month follow-up, 7-day and
30-day point prevalence abstinence rates for young adults were 25.7% and 15.0%
respectively (Graham, Jacobs, & Amato, 2020). Truth® also offers digital support for
adult vapers and parents of vapers through its BecomeAnEXx programlthough this
program has not been evaluated in the context of nicotine vaping cessation
(BecomeAnEX, n.d.).

Other digital programs initially developed for smoking cessation have been
modified to provide nicotine vaping cessation assistance and target many of the same
SCT-based constructs, such as social support, self-monitoring, self-efficacy, and

behavioral capability. These programs vary in technological capability and range from
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programs that primarily utilize text messaging, such as 2Morrow" (2Morrow, n.d.), to
smartphone apps integrated with breath sensors, such as Pivot (Carrot Inc., 2020). At
present, many of these programs are available only to select individuals based on region
or health plan. Other technology-based tools for vaping cessation include smartphone
apps, such as Vapio, or devices, such as VapeTracker that enable users to track their
vaping.

Quitlines. Quitlines and helplines are another evidence-based smoking cessation resource
but have not been evaluated in the context of nicotine vaping cessation. The National
Jewish Health hospital developed a helpline and website called My Life My Quif catering
to teens in nine states. Some state tobacco quitlines also offer behavioral support for
quitting vaping and connect users to other resources, such as the This is Quittingtext
messaging program. However, an analysis of North American Quitline websites found
that only 31.8% of quitlines had dedicated pages for vaping, 50% had information on the
harms of vaping and 33.3% had cessation resources (Kaur et al., 2020).

Other behavioral approaches that have been examined include vape tapering and
contingency management. A clinical case report documented successful vaping cessation
through vape tapering and motivational interviewing (Sahr et al., 2019), and a single-arm
pilot study of biochemically verified abstinent-contingent bonuses found that all eight

participants quit vaping at the 2-week follow-up (Raiff et al., 2021).

Pharmacotherapynterventions
The efficacy of pharmacotherapy for smoking cessation has been well established

but its efficacy for nicotine vaping cessation has not been widely studied. There are no
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estimates of rates of nicotine replacement therapy (NRT) and prescription medication use
for nicotine vaping cessation although case reports, qualitative analyses of social media
data and media articles indicate that NRT and prescription medications such as
varenicline are being used to quit ENPs (Barkat et al., 2019; Foley, 2019; Sikka et al.,
2021; Silver et al., 2019; Unger et al., 2020). Three case reports document successful
ENP cessation with NRT (Sikka et al., 2021; Silver et al., 2016) and varenicline (Barkat
et al., 2019), accompanied with behavioral support. A small pilot trial comparing NRT +
behavioral support, vape-taper + behavioral support, and self-guided quitting also found
higher self-reported vaping and nicotine abstinence in the vape-tapering and behavioral
support group (Sahr et al., 2021). These findings, although preliminary, suggest that the
gold standard approach for smoking cessation of pharmacotherapy combined with
behavioral counseling could be effective for nicotine vaping cessation. Pharmacotherapy
might be especially helpful for ENP users or dual users with high levels of nicotine
dependence. A few clinical trials testing the efficacy of pharmacotherapy for vaping
cessation are ongoing (Caponnetto et al., 2019; ClinicalTrials.gov, n.d.).

The current landscape of ENP cessation interventions indicates that, while some
interventions exist, most have not been empirically tested. A majority of nicotine vaping
cessation resources primarily provide behavioral support and draw on evidence-based
approaches used for smoking cessation theoretically based on SCT principles. There is a
need to empirically examine whether and to what extent constructs commonly targeted in
smoking cessation interventions and increasingly being used in ENP cessation

interventions are actually associated with quitting ENPs.
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Conceptual Famework

Research on quitting ENPs is in its infancy, but the smoking cessation literature
provides a rich evidence base from which to draw on. Decades of research on smoking
have shown that cognitive factors such as attitudes and self-efficacy, socio-environmental
factors such as peer smoking and household smoking rules, and co-occurring risk
behaviors such as alcohol use, interact to impact smoking behavior (Caponnetto &
Polosa, 2008). This reciprocal interaction between cognitive, socio-environmental, and
behavioral factors is a core tenet of SCT (Bandura, 1986), which informs the conceptual
framework of this dissertation (Figure 3).
Figure 3. Dissertation Conceptual Framework

Socio-environmental

factors
ENP social norms
ENP household rules
Exposure to ENP
advertising

Behavioral factors
Cigarette smoking status

ENP use Combustible tobacco use
Non-combustible tobacco use

Cannabis use
Alcohol use
ENP use characteristics

- Motivation to quit ENPs - Dependence

- ENP risk perception - Flavors
- Frequency of use
- Device type

SCT-based interventions have proved effective for smoking cessation across a
range of populations, settings, and formats, including through mobile phones (Abroms et
al., 2014, 2017; Naughton et al., 2014), telephone counseling (Peterson et al., 2009), and

group counseling (Zheng et al., 2007). A systematic review found that smoking cessation
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interventions utilizing SCT were effective for short-term smoking cessation in young
adults (Villanti et al., 2020).

Research also shows that there are many perceived similarities between quitting
smoking and vaping, in terms of cessation reasons, experiences and quit methods (Berg,
Romm, et al., 2021; Klemperer & Villanti, 2021; Kong et al., 2021; Sanchez et al., 2021).
For instance, reasons for quitting smoking and vaping are health concerns, financial
concerns, and dependence or addiction (Klemperer & Villanti, 2021; Kong et al., 2021;
Sanchez et al., 2021). Barriers common to quitting vaping and smoking are perceived
social benefits, stress reduction, and sensory and behavioral gratification (Kong et al.,
2021; Sanchez et al., 2021). Quit methods commonly used for both products include
cutting down, receiving advice from a doctor, quitting cold turkey, and use of NRT
(Klemperer & Villanti, 2021). Intervention functions preferred by smokers, vapers and
dual users of both products include behavioral monitoring and earning rewards (Berg,
Romm, et al., 2021).

However, there are also some differences between quitting smoking and vaping.
For instance, barriers unique to quitting vaping are enjoyment of flavors, convenience
and discreteness of vaping, lack of self-awareness of vaping behaviors, lack of trusted
information on vaping, and greater perceived social acceptability for vaping (Sanchez et
al., 2021). Thus, while ENP cessation interventions will need to address these unique
barriers, there are many similarities between quitting vaping and smoking, and
established smoking cessation frameworks such as SCT are likely to be effective for ENP

cessation. The following section summarizes the literature on correlates of ENP use,
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transitions, and quitting, organized according to the three main domains of SCT. Where

research on ENPs is limited, evidence from smoking cessation is presented.

Personal Factors
According to Bandura (1986), personal factors are those that are internal to the
individual and encompass cognitive, affective, and biological characteristics.

Socio-demographics. The prevalence of current ENP use is markedly higher for young

adults relative to older adults (Figure 4). Data from the 2019 National Health Interview
Survey (NHIS) shows that 9.3% of adults between ages 18-24 years were current ENP
users, with prevalence declining for each successive age group (6.4% for ages 25-44
years, 3.0% for ages 45-64, and 0.8% for age 65 years or older) (Cornelius et al., 2020).
Young adults, particularly exclusive ENP users, have lower intentions to quit tobacco and

nicotine products compared to older adults (Vu et al., 2019).

Figure 4. Prevalence of Current E-cigarette Use among U.S. Adults (2013-2019)
10
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Notes. Data is from CDC Morbidity and Mortality Weekly Reports.
Data for 2013-2014 was from the National Adult Tobacco survey.
Data for 2015-2019 was from the National Health Interview Survey;
Current e-cigarette use was defined as use every day or on some days
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Other socio-demographic factors associated with ENP use include gender,
race/ethnicity and education. Males are more likely to be current ENP users than females
(Cornelius et al., 2020; Mayer et al., 2020), but a study among youth and young adults
found that males were also more likely than females to have made a past-year ENP quit
attempt (Cuccia et al., 2021). With regard to race and ethnicity, ENP use is more
prevalent among non-Hispanic Whites, American Indian/Alaska Natives, and individuals
identifying as belonging to multiracial or other racial groups (Cornelius et al., 2020;
Mayer et al., 2020).

Among young adults, rates of ENP use for Hispanics are high and rival those of
non-Hispanic Whites (Vallone et al., 2020). However, young adult Hispanics were more
likely to have made a past-year ENP quit attempt than non-Hispanics (Berg, Duan, et al.,
2020). Additionally, while non-Hispanic Blacks are less likely to use ENPs, two studies
among youth and young adults found that they were more likely than non-Hispanic
Whites to have made a quit attempt (Berg, Duan, et al., 2020; Cuccia et al., 2021). ENP
use is generally positively associated with higher education levels up until having a
college degree, after which the likelihood of ENP use decreases (Cornelius et al., 2020;
Mayer et al., 2020; Stallings-Smith & Ballantyne, 2019).

Cognitive Factors. According to Bandura (1986, 2001), cognitive factors occupy a central

role in SCT, as social and environmental factors are thought to influence behavior
through cognitive processes. Of the many cognitive factors that are thought to influence
human behavior, Bandura articulates a core set of determinants, which include perceived

self-efficacy and outcome expectancies (Bandura, 2004). These core determinants,
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particularly self-efficacy, affect motivation to achieve goals, which subsequently
influence behavior (Bandura, 2004).

Self-efficacy. Self-efficacy is arguably one of the most prominent cognitive
predictors of behavior change. This construct was first introduced in Bandura’s original
explication of SCT (Bandura, 1986) and is now included in multiple behavior change
theories such as the Theory of Planned Behavior (TPB) (Azjen, 1991) and the Extended
Parallel Process Model (EPPM) (Witte, 1992). An individual’s perceived self-efficacy
refers to their confidence in their ability to perform a given behavior. According to
Bandura, self-efficacy is a key construct because it influences behavior directly as well as
indirectly through its influence on other variables, for example by influencing motivation
and outcome expectancies (Bandura, 1998, 2004). Self-efficacy can be bolstered through
a variety of techniques, such as mastery experiences, vicarious experiences, social
persuasion, and physiological and psychological feedback.

To date, research on the association between self-efficacy and ENP use is
extremely limited. One mediation analysis found that adolescents with more peers who
used ENPs had lower self-efficacy to refrain from using ENPs, which was associated
with a greater likelihood of currently using ENPs (Durkin et al., 2021). Another study
among college students found that higher general self-efficacy was associated with
reduced likelihood and frequency of ENP use (Jones et al., 2021).

There is a wealth of research on the role of self-efficacy in smoking cessation, and
evidence shows a robust positive association between self-efficacy and smoking
cessation. Systematic reviews and meta-analyses have found that self-efficacy to quit

smoking is predictive of making a smoking quit attempt as well as successful cessation
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(Gwaltney et al., 2009; Riaz et al., 2018; Vangeli et al., 2011), and self-efficacy has been
shown to be associated with long-term smoking abstinence (Elshatarat et al., 2016;
Lindberg et al., 2015). Mediation analyses of numerous smoking cessation interventions
have also demonstrated that these interventions lead to successful smoking cessation by
increasing self-efficacy (Bricker et al., 2010; Lepore et al., 2019; Piper et al., 2017;
Schuck et al., 2014). The relationship between self-efficacy and smoking is bidirectional
such that greater self-efficacy predicts smoking abstinence, and abstinence also predicts
future self-efficacy (Clyde et al., 2019; Perkins et al., 2012).

Outcome Expectancies. Outcome expectancies are another key cognitive

determinant of behavior change. This construct features prominently in many theories
and frameworks of behavior change under different names, such as perceived benefits
and barriers in the Health Belief Model (HBM) (Becker, 1974; Rosenstock, 1974), and
attitudes in the TPB (Ajzen, 1991; Bandura, 2004). In the Transtheoretical Model (TTM)
(Prochaska & DiClemente, 1982), it is reflected in the concept of decisional balance,
whereby individuals are hypothesized to proceed to a later stage towards changing
behavior by weighing the pros and cons of performing a given behavior.

Outcome expectancies refer to the anticipated positive and negative consequences
of performing a behavior. These typically include physical outcomes, such as
physiological effects, and social outcomes, such as social approval (Bandura, 1998;
Bandura, 2004). SCT also includes self-evaluative outcomes, which refer to an
individual’s judgment about their own behavior, and which Bandura considers to be one
of the most important regulators of behavior (Bandura, 1998). According to Bandura,

individuals strive to behave in ways that augment self-satisfaction and self-worth, and
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minimize self-dissatisfaction (Bandura, 2004). However, self-evaluative outcomes are not
as commonly assessed in the tobacco literature. Table 2 provides examples of outcome
expectancies in the context of ENP cessation. Physical outcomes could include cravings
and social outcomes could include peer approval. Additionally, individuals could also
have expectancies about the financial cost of vaping (Escoto et al., 2021). In the smoking
literature, another dimension along which outcome expectancies vary are expectancies
regarding smoking and abstinence. However, current research on outcome expectancies
related to ENP use has largely focused on expectancies surrounding ENP use and not

abstinence.

Table 2. Types of ENP Outcome Expectancies Commonly Assessed in Studies

Positive Negative
Physical Enjoyment, stress relief, craving Health concerns, addiction, withdrawal
reduction, taste Eg: “If I were to use an e-cigarette or
Eg: “If I were to use an e-cigarette or other vaping device, I would”: worry

other vaping device, I would”: feel less about my health (Barker et al., 2019)
stressed (Barker et al., 2019)

Social Fun with friends, feel popular, looks cool | Social disapproval
Eg: “If I were to use an e-cigarette or “Lose respect of friends” (Pokhrel et al.,
other vaping device, I would”: be more 2018)
popular (Barker et al., 2019)

Other Convenience Cost
Eg: “E-cigarettes are convenient to use” Eg: “E-cigarettes are expensive” (Harrell,
(Harrell, Marquinez, et al., 2015) Marquinez, et al., 2015)

A number of cross-sectional studies have found that ENP outcome expectancies
are associated with ENP ever use, recent use and frequency of use among current users,
as well as intention to use among never users (Barker et al., 2019; Doran & Brikmanis,
2016; Pokhrel et al., 2014, 2018). Positive expectancies such as enjoyment are positively
associated with ENP use, while negative expectancies such as health concerns and

perceptions that ENP users are similar to smokers are negatively associated with ENP use
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(Barker et al., 2019). One longitudinal study found that positive ENP expectancies are
positively associated with recent ENP use (Brikmanis et al., 2017).

Owing to the close association between ENP and cigarette use, comparative
expectancies across both products are likely to influence transitions. Studies comparing
outcome expectancies for both products have largely found more positive as well as
negative expectancies for cigarettes compared to ENPs, with exceptions in some domains
(Harrell, Marquinez, et al., 2015; Hendricks et al., 2015). For example, with regard to
positive expectancies, cigarettes are viewed more favorably than ENPs for craving,
negative affect, stress reduction, stimulation, weight control, and social facilitation
(Harrell, Marquinez, et al., 2015; Hendricks et al., 2015). However, ENPs garner higher
positive expectancies with regard to taste, satisfaction, and convenience (Harrell,
Marquinez, et al., 2015). In terms of negative expectancies, cigarettes are considered
more risky to health, have a more negative social impression, and cause more cravings,
addiction, withdrawal, and negative physical feelings compared to ENPs (Harrell,
Marquinez, et al., 2015; Hendricks et al., 2015).

Another study found that ENP outcome expectancies among ENP users varied by
smoking status (Harrell, Simmons et al., 2015). Dual users were less likely than former
smokers to report positive expectancies and more likely to report negative expectancies
about ENPs across most domains (Harrell, Simmons, et al., 2015). Additionally, among
former smokers, those intending to quit using ENPs had less positive expectancies and
more negative expectancies than those not intending to quit across most domains
(Harrell, Simmons, et al., 2015). Thus, positive ENP expectancies are associated with an

increased likelihood of quitting smoking but also a decreased likelihood of intending to
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quit ENPs (Harrell, Simmons, et al., 2015), posing a challenge for ENP cessation
interventions that target dual users.

Some research suggests that ENP expectancies vary by sex (Pifieiro, Correa, et al.,
2016). One study found that males have higher positive expectancies than females with
regard to taste, social facilitation, and stimulation but also higher negative expectancies
with regard to addiction (Pifieiro, Correa, et al., 2016). Females had more positive
expectancies for ENPs with respect to weight control (Pifieiro, Correa, et al., 2016).
Therefore, ENP cessation interventions also need to take into account these differences.

Risk Perception. This is another construct that features in several theories of

health behavior change under different names, such as perceived severity and perceived
susceptibility in the HBM (Becker, 1974; Rosenstock, 1974). In SCT, risk perception can
be thought to represent a domain of outcome expectancies regarding harms or health
effects of ENPs. Risk perception can be measured on an absolute or comparative scale,
but most studies have assessed comparative risk perception by examining ENP risk
perception relative to cigarettes.

Analyses of data from PATH and other nationally representative surveys have
found that the proportion of individuals who perceive ENPs to be as or more harmful
than cigarettes has been increasing and this trend holds across smoking groups (Huang,
Feng, et al., 2019; Majeed et al., 2017; Malt et al. 2020). The EVALI outbreak and the
COVID-19 pandemic are likely to have further consolidated this trend. In a study with
hospital patients during the course of the EVALI outbreak, 81.5% of participants
indicated that ENPs were unsafe and a majority maintained this view even if ENPs did

not contain THC or vitamin E acetate, the substances primarily found to be responsible
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for EVALI (Patel et al., 2020). Another study conducted with youth and young adults
during the EVALI outbreak found that EVALI awareness was associated with several
aspects of harms related to ENPs, including perceived risk of lung injury, belief that
ENPs or vapes contain dangerous chemicals, and beliefs that ENPs or vapes are harmful
(Kreslake et al., 2021). Streck et al. (2021) examined perceived risk towards vaping in a
sample of patients receiving treatment for opioid use disorder during the COVID-19
pandemic and found that 77% of participants reported an increased perceived risk of
contracting COVID-19 due to vaping.

A number of studies, primarily with youth and young adults, have found
associations between absolute and comparative harm perceptions of specific brands of
ENPs (e.g. JUUL) or ENPs in general, and ENP use intentions and behaviors. Lower
harm perceptions were associated with a greater likelihood of current use and future
initiation of JUUL use (Vallone et al., 2019, 2020). Conversely, greater harm perceptions
were associated with reduced intention to own a vape product, greater intention to quit
and greater odds of having made a quit attempt in the past year (Cuccia et al., 2021;
Kreslake et al., 2021). A prospective study among college students also found that lower
absolute ENP risk perception was associated with initiation of ENPs, but this association
held only for non-smokers and not current smokers (Cooper et al., 2018). A study testing
different message frames to reduce ENP use found that messages conveying harms of
vaping had the highest perceived effectiveness (Villanti et al., 2021).

Some studies have looked at the association between ENP risk perception and
frequency of use with conflicting findings. One study found that daily users of ENPs

perceived greater benefits but also greater harms than non-daily users (Mayorga et al.,
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2019). However, another study found that daily JUUL users perceived JUUL as less
harmful than non-daily users (Stevens et al., 2020).

Similar to outcome expectancies, ENP risk perceptions impact product transitions
for dual users in complex ways. An analysis of adult dual users in the PATH study found
that those who perceived ENPs to be less harmful than cigarettes were more likely to
transition to exclusive ENP use or remain dual users and less likely to transition to
exclusive cigarette use (Peroskie et al., 2019). Thus, lower ENP harm perceptions are
associated with both harm reducing transitions (exclusive ENP use) as well as harm
maintaining transitions (dual use). More research is needed to determine if increasing
ENP harm perceptions can facilitate ENP cessation without negatively impacting
smoking behavior.

Motivation. According to Deci and Ryan (1985), the authors of self-determination
theory, motivation is the energy that directs our behavior. Individuals who lack
motivation or interest in changing behavior are unlikely to do so. Therefore, a central
strategy for behavior change interventions is to increase and sustain motivation to change
behavior. Motivation also plays a central role in SCT, which posits that self-efficacy and
outcome expectancies lead to behavior change via motivational processes such as goal
setting and self-evaluation (Bandura, 1998, 2004; Schunk & DiBenedetto, 2020). Other
constructs such as readiness and interest are closely related to motivation and can be
considered to represent the same underlying construct.

Current data suggests that a moderate proportion of ENP users are interested in
quitting ENPs, but ENP quit attempt rates are low. An analysis of W3 PATH data

showed that 62.4% of established ENP users planned to quit ENPs for good, although the
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majority were not planning to quit immediately but sometime within or beyond the next
year (Rosen & Steinberg, 2020). However, only around 25% had made a prior ENP quit
attempt by trying to quit completely or by cutting down (Rosen & Steinberg, 2020).
Similarly, an analysis of W4 PATH data showed that 60.7% of ENP users planned to quit
ENPs and 15% made a past-year quit attempt (Palmer et al., 2021). However, a survey of
long-term ENP users showed that only 7.2% of participants intended to quit using ENPs
(Sobieski et al., 2021).

Motivation to quit using ENPs may vary by socio-demographic and behavioral
characteristics, such as age, race/ethnicity, and smoking status. Among young adult ENP
users, only 20.8% reported readiness to quit ENPs and 32.3% reported making a past-
year ENP quit attempt (Berg, Duan, et al., 2020). Non-Hispanic Whites have lower
interest in quitting ENPs and quit attempt rates relative to other racial/ethnic groups
(Berg, Duan, et al., 2020; Palmer et al., 2021), and former smokers are more interested in
quitting ENPs than never or current smokers (Palmer et al., 2021).

Research on the association between motivation, and ENP use and cessation is
limited. One study that examined the association between interest in quitting ENPs and
longitudinal transitions in ENP and cigarette use among dual users did not find a
significant association between interest in quitting and any transition (dual cessation,
exclusive ENP use, exclusive cigarette use) relative to maintaining dual use (Osibogun et
al., 2020). However, a recent study among long-term ENP users found that interest in
quitting ENPs is associated with quit attempts but not successful cessation (Sobieski et
al., 2021), which is consistent with the smoking cessation literature (Kale et al., 2015;

Vangeli et al., 2011).
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Reasons for Using and Discontinuing ENPs. Reasons for engaging in a behavior

are closely tied to outcome expectancies and motivation. Behavior change interventions
can channel negative outcome expectancies (and positive abstinence outcome
expectancies) to encourage individuals to identify reasons to change their behavior,
which can serve as motivation to change (Reesor et al., 2017). This forms the basis of
decisional balance models of behavior change, such as TTM, which encourage
individuals to consider their reasons for change (Prochaska & DiClemente, 1982). In the
context of ENP use, a negative outcome expectancy could be difficulty breathing (and a
positive abstinence outcome expectation could be improved breathing). Thus, a reason
for quitting could be a desire to be able to breathe better, which could serve as motivation
to quit.

Curiosity is a common reason cited for starting to use ENPs (Biener et al., 2015;
Boyle et al, 2019; Kong et al., 2015; Pepper et al., 2014), and cost and health concerns
are the main reasons for discontinuing use (Amato et al., 2021; Biener et al., 2015; Berg,
2016; Pepper et al., 2014; Unger et al., 2020; Weaver et al. 2020). However, reasons for
using and discontinuing ENPs vary markedly by smoking status.

Among non-smokers or never smokers, the most common reasons for initiating
use of ENPs are perceptions that they might be less harmful than cigarettes, have
appealing flavors, and don’t smell (Berg, 2016). Common reasons for discontinuing
ENPs are not thinking about it, ENP use not arising in social situations, and perceptions
that ENPs are bad for health (Berg, 2016; Biener et al., 2015).

The most common reasons for using ENPs endorsed by current smokers are that

ENPs might be less harmful than cigarettes and that ENPs help people quit smoking
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cigarettes (Berg, 2016; Biener & Hargraves, 2015; Biener et al., 2015; Boyle et al, 2019;
Yong et al., 2019). The most common reason for discontinuing ENPs are finding
cigarettes to be more satisfying (Biener & Hargraves, 2015; Boyle et al, 2019; Kong et
al., 2015; Le et al., 2018; Weaver et al. 2020; Yong et al., 2019). As a result, current
smokers may be more likely than former smokers to quit using ENPs and remain
cigarette smokers, which is not a desirable outcome.

For former smokers, the most common reasons cited for using ENPs are that
ENPs help them quit smoking regular cigarettes and ENPs might be less harmful than
cigarettes (Berg, 2016; Biener et al., 2015; Boyle et al., 2019; Yong et al., 2019). The
most common reasons for discontinuing ENPs are because they quit nicotine or tobacco
altogether or didn’t need ENPs to stay quit (Berg, 2016; Yong et al., 2019).

Reasons for using ENPs also vary by age. Compared to older adults, young adults
(18-24 years) are more likely to start using ENPs because of flavors or social influence
such as peer ENP use, and less likely to use ENPs as a smoking cessation aid (Vu et al.,
2019). One study found that those who used ENPs for non-goal oriented reasons such as
curiosity were more likely to quit than those who used it for goal-oriented reasons such as
quitting smoking (Pepper et al., 2014). Thus, a challenge for ENP cessation interventions
is to address wide-ranging motives for ENP use and discontinuation across sub-groups of
ENP users.

Current research shows that the association between cognitive factors, such as
self-efficacy, outcome expectancies and risk perceptions, and ENP use largely mirror
findings from the smoking cessation literature (Cengelli et al., 2012; Vangeli et al.,

2011). However, research is limited, and there is a need for further research, particularly
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longitudinal studies. Additionally, the role of these constructs in the context of dual use is

complex and requires further investigation.

Behavioral Factors

Characteristics of a behavior, such as frequency of engaging in the behavior, and
the presence or absence of other risk behaviors also impact an individual’s ability to
change a given behavior.

Cigarette Smoking and Use of Other Tobacco Products. Cigarette smoking status is

strongly associated with ENP use. In general, recent former smokers (i.e. smokers who
quit within the last year) have the highest rates of ENP use, followed by smokers who
quit between one and four years ago, and current smokers. Long-term former smokers
(i.e. those who quit five or more years ago) and non-smokers have the lowest rates of
ENP use (Bandi et al., 2020; Villaroel et al., 2020).

The association between combustible cigarette use status and ENP use varies by
age. An analysis of trends in ENP use from 2014 to 2018 by smoking history found that
for young adults, ENP use increased across all smoking groups. However, for middle-
aged and older adults, substantial increases in ENP use occurred only among recent
quitters (Bandi et al., 2020). Moreover, the largest absolute increase in ENP use occurred
among young adult never smokers (Bandi et al., 2020), indicating that young adults are
increasingly being introduced to nicotine via ENPs.

Studies examining ENP transitions have found that the likelihood of discontinuing
ENPs varies by cigarette smoking status, with former smokers who quit more than a year

ago less likely to discontinue ENPs than never smokers (Coleman et al., 2019). Use of
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non-cigarette combustible tobacco products was also associated with a lower likelihood
of discontinuing ENPs (Coleman et al., 2020). However, a study among young adults
found that other tobacco product use was associated with higher odds of making a past-
year quit attempt (Berg, Duan, et al., 2020).

Other Substance Use. Cannabis and alcohol are associated with smoking cessation

(Kahler et al., 2009; Vogel et al., 2018), but evidence regarding the association between
substance use and vaping cessation is limited and inconclusive. Berg, Duan, et al. (2020)
found that past 30-day cannabis use was associated with lower odds of readiness to quit
ENPs and past-year ENP quit attempts among young adult ENP users. However, an
analysis of dual users using PATH data found that cannabis use was not associated with
any transition (i.e. dual cessation, exclusive ENP use, or exclusive cigarette use) relative
to continued dual use (Osibogun et al., 2020). The form of cannabis consumption (e.g.
vaping vs smoking) may also influence ENP quit intentions and behavior and merits
further investigation. One study showed that ENP users had a higher risk of harmful
alcohol use relative to ENP non-users, and harmful alcohol consumption was higher
among non-daily ENP users and dual users (Roberts et al., 2018).

ENP Use Frequency. More frequent ENP use is negatively associated with ENP quit

attempts and ENP discontinuation (Berg, Duan, et al., 2020; Coleman et al., 2020).
However, differences in ENP use frequency could simply reflect differences in smoking
status. Former smokers are more likely to use ENPs to quit smoking (Berg, 2016; Biener
et al., 2015; Boyle et al., 2019; Yong et al., 2019) and consequently might be more likely
to use ENPs more frequently. For dual users, frequency of use of both products impact

product transitions. An analysis of dual users from the PATH study found that non-daily
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users of both products (vs other frequency patterns) were most likely to quit using both
products, while those who used ENPs daily (regardless of cigarette use frequency) were
more likely to transition to exclusive ENP use (Baig & Giovenco, 2020).

Use of Flavored ENPs. Concerns that flavored ENPs lead to smoking initiation among

youth led to the recent partial flavor ban (FDA, 2020a). However, some research suggests
that the use of flavored ENPs does not appear to increase the likelihood of smoking
initiation among youth and increases the likelihood of quitting smoking for adults
(Friedman & Xu, 2020). Moreover, flavor bans may increase the likelihood that ENP
users switch to cigarettes (Posner et al., 2021; Yang, Lindblom, et al., 2020). However, it
is unclear whether and how flavored ENP use impacts ENP cessation. A study among
Canadian and U.S. adult ENP users found that those who use non-tobacco flavors such as
candy or fruit found vaping more satisfying and enjoyable, and these flavors were
popular among former smokers (Gravely et al., 2020). Another study testing messages to
reduce ENP use found that messages that touched on flavors were perceived as more
likeable and reduced the perceived effectiveness of the messages (Villanti et al., 2021).
These findings suggest that use of flavors may be negatively associated with quitting
ENPs.

ENP Dependence. Nicotine dependence is a key predictor of smoking cessation (Vangeli

et al., 2011), and a few studies have found similar associations between ENP dependence
and ENP quitting behaviors. Lower ENP dependence predicted ENP cessation in a recent
analysis of long-term ENP users (Sobieski et al., 2021), and higher ENP dependence was
positively associated with past-year quit attempts and future intention to quit among

youth and young adults (Cuccia et al., 2021). An analysis of dual users from PATH found
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that lower nicotine dependence was associated with a higher likelihood of transitioning to
dual cessation (vs remaining a dual user) (Osibogun et al., 2020). However, research
among dual users suggests that dependence may be product specific, i.e. ENP and
cigarette dependence are unique constructs and independently predict long-term use of
that particular product (Piper, Baker, Mermelstein, et al., 2020). Therefore, it may be
necessary to use product specific measures rather than an overall measure of nicotine
dependence when examining the association between dependence and product transitions

among dual users.

Socieenvironmental Ectors

Environmental factors are those that are external to the individual and include
facets of the physical and social environment. In the tobacco literature, a wide range of
variables, including peer influence, household smoking rules, and advertising and
promotion have been operationalized under the broad umbrella of social norms or social
influence (Amin et al., 2020; Zhang et al., 2010).

Peer Influence. Studies among young adults indicate that peer influence is a key

determinant of ENP use and barrier to ENP cessation. Young adults are more likely to
initiate and maintain use of ENPs because their peers do so (Amin et al., 2020; Vu et al.,
2019). A qualitative study among youth and young adults found that social benefits
gained from vaping was a barrier to quitting (Sanchez et al., 2021), and a recent study
that examined message content to reduce vaping found that messages with social themes
were perceived as more likeable and consequently might reduce the effectiveness of

messages that convey harms of vaping (Villanti et al., 2021). However, a cross-sectional
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study among youth and young adults found that the number of friends who use ENPs was
positively associated with the likelihood of a past year quit attempt (Cuccia et al., 2021),
indicating that social influence could positively impact quitting behavior particularly if
social norms around ENP use become more negative.

It is unclear if and to what extent social influence impacts ENP use and quitting
for older adults. However studies on smoking cessation among adults have found that
certain types of social norms, such as negative neighborhood smoking norms and town
norms, are positively associated with cessation (Biener et al., 2010; Karasek et al., 2012).
Other studies have compared different social influence variables and found that
subjective and injunctive norms, perceived disapproval from family and friends, and
embarrassment were most strongly associated with smoking quit intentions and behavior
(Schoenaker et al., 2018; van den Putte et al., 2005).

Advertising. Much like cigarette companies, ENP companies rely on marketing and
advertising, particularly to youth and young adults (Collins et al., 2019). The advent and
growth of social media has provided ENP brands with an additional channel to reach
potential customers, many of whom are young adults (Collins et al., 2019; Kim et al.,
2019), and ENP companies heavily use social media to market their product (Huang,
Duan, et al., 2019). Experimental and observational studies with youth and young adults
have shown that exposure to ENP advertising is associated with intention to use ENPs
and ENP use (Amin et al., 2020; Camenga et al., 2018; Collins et al., 2019).

Evidence from the smoking cessation literature suggests that exposure to
marketing and advertising negatively impacts cessation success among smokers who try

to quit (Siahpush et al., 2016). However, not many studies have explored the impact of
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exposure to ENP advertising on ENP quitting behaviors. One study found that exposure
to ENP marketing on social networking sites was negatively associated with quitting
attitudes, behavioral control, intention, and self-efficacy (Phua, 2019). Moreover, certain
channels of marketing, such as membership in user created groups, were associated with
worse outcomes (Phua, 2019). Thus, it is likely that exposure to ENP marketing

negatively impacts quitting behavior.

Household Vaping Rules. Household smoking restrictions are associated with smoking
abstinence (Haardorfer et al., 2018; Biener et al., 2010; Keith et al., 2021). However,
studies examining the impact of household vaping rules on ENP use are limited. Azagba
et al. (2020) found that household vaping restrictions were associated with a lower
prevalence and frequency of ENP use, suggesting that household vaping restrictions

could facilitate ENP cessation.

Summary

Adults represent the vast majority of ENP users (10.9 million adults vs 3.5 million
youth) (Cornelius et al., 2020; Wang et al., 2020), but research to date has largely focused
on youth and young adults. While youth ENP use is a major concern, adult ENP use and
cessation merits further attention, as adults experience additional risks, stemming from
higher rates of dual use (Tam, 2021) and prolonged use of nicotine and tobacco products.
Although ENPs are less harmful than cigarettes and could contribute to harm reduction if
they facilitate smoking cessation, they could increase harm if they lead former smokers to
relapse, never smokers to initiate cigarette smoking, or result in long-term dual use.

Characterizing trajectories of ENP and cigarette use and predictors of trajectories among
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adult ENP users can help determine the long-term public health impact of ENPs.
Additionally, given the independent risks of ENPs, and unknown long-term consequences
of use, there is a need to advance ENP cessation research. The objective of this

dissertation is to contribute to filling these gaps in the literature.

Specific Aims

This dissertation will utilize data from the PATH study adult surveys to address
the following aims:
Aimla. Empirically identify independent and joint trajectories of ENP and cigarette use
between wave 1 (W1) and wave 5 (W5) among W1 ENP users.
Aimlb. Identify W1 predictors (socio-demographics; tobacco, ENP, and substance use
characteristics; and ENP risk perception) of trajectory group membership.
Aim 2. Examine wave 3 (W3) cognitive, behavioral, and socio-environmental predictors
of wave 4 (W4) ENP quit attempts and cessation.
Aim 3. Identify W3 cognitive, behavioral, and socio-environmental predictors of W4

combined ENP and cigarette abstinence, and exclusive ENP use.
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Chapter 2: Trajectories of Electronic Nicotine Product and Cigarette Use: Analysis
of Waves 1 to 5 of the PATH Study

Abstract

Introduction: Identifying longitudinal trajectories of ENP use and their relationship with
cigarette smoking trajectories can help determine the long-term public health impact of
ENPs and inform harm reduction and ENP cessation interventions.
Methods: We used group-based trajectory modeling to estimate independent and joint
trajectories of ENP and cigarette use from W1 (2013-2014) to W5 (2018-2019) among
W1 past 30-day ENP users (n=2,238) from the PATH study. We used logistic regression
to identify predictors of trajectories.
Results: Models identified 2 ENP (declining=73.2%, consistent=26.8%) and 4 cigarette
(abstinent=12.4%, occasional=12.9%, declining=8.9%, consistent=65.8%) trajectories. In
joint trajectory analysis, participants were most likely to be categorized as declining ENP
and consistent cigarette users (52.3%), and least likely to be categorized as consistent
ENP and declining cigarette users (2.7%). Among participants belonging to the same
ENP trajectory: younger age, female sex, other race/ethnicity (vs non-Hispanic White),
lower education, non-daily ENP use, not using non-combustibles, higher nicotine
dependence, marijuana use, and higher perceived risk of ENPs predicted membership in
more harmful (occasional/consistent) vs less harmful (abstinent; declining) cigarette
trajectories. Among participants in less harmful cigarette trajectories (abstinent;
declining): older age, non-Hispanic White race/ethnicity, daily ENP use, and higher
nicotine dependence predicted membership in the consistent (vs declining) ENP

trajectory.
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Conclusions: Promoting smoking cessation and abstinence among adult ENP users is an
urgent priority. Harm reduction and ENP cessation interventions should be tailored to
distinct socio-demographic groups and address ENP use frequency and nicotine

dependence.

Introduction

The rapid rise in ENP use has catalyzed a large volume of research into the health
risks and public health impact of these products. Although ENPs have independent health
risks, they are less harmful than combustible cigarettes (NASEM et al., 2018). However,
evidence regarding their public health impact is mixed. Some studies show that ENPs
may have a positive impact by facilitating smoking cessation or displacing combustible
cigarette smoking (Hartmann-Boyce et al., 2020; Levy et al., 2019; Mendez & Warner,
2020). Other studies suggest that ENPs may have a negative impact, by leading to
smoking initiation among never smokers (Khouja et al., 2020; Soneji et al., 2018) and
relapse among former smokers (Barufaldi et al., 2021). Longitudinal data from real world
studies, such as the PATH study, can provide stronger evidence for the public health
impact of ENPs.

Analyses of transitions in ENP and cigarette use using PATH data have shown
that the vast majority (>80%) of dual users follow harm-maintaining transitions (i.e.
remain dual users or switch to exclusive cigarette use), and roughly a quarter of exclusive
ENP users follow harm-increasing transitions (i.e. become dual users or switch to
exclusive cigarette use) (Coleman et al., 2019; Miller et al., 2020; Osibogun et al., 2020;
Wei et al., 2020). However, the long-term stability of these transitions is unknown.

Analyses that examine ENP and cigarette use over multiple time points allow
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examination of the stability of use of both products and also provide a stronger
methodological basis for testing causal hypotheses, such as gateway theory (Cahn &
Berg, 2018).

Studies of ENP use trajectories among youth and young adults have identified two
general groups, namely infrequent/non-users and initiators (Harrell et al., 2021; Lanza,
Barrington-Trimis et al., 2020; Park et al., 2020; Westling et al., 2017). One analysis
examined joint trajectories of ENP and cigarette use across adolescence and identified
four groups, including non-use of both products, early-steady ENP uptake, later-rapid
ENP uptake, and dual use (Audrain-McGovern et al., 2021). The above studies have
primarily examined socio-demographic and behavioral factors as predictors of
trajectories and found that males (vs females) (Audrain-McGovern et al., 2021; Lanza et
al., 2020) and those using substances, such as cigarettes, cigars, chewing tobacco,
alcohol, and cannabis (Audrain-McGovern et al., 2021; Park et al., 2020; Westling et al.,
2017) were more likely to belong to more harmful trajectories. One study also examined
cognitive factors and found that positive e-cigarette and cigarette expectations were
associated with membership in more harmful trajectories, and that e-cigarette risk
perception was not a significant predictor of trajectory group membership (Audrain-
McGovern et al., 2021).

Analyses of tobacco product (primarily cigarette) trajectories between youth and
young adulthood have identified general trajectories of abstainers, experimenters/light
users, early onset stable users, later onset stable users, and quitters (Berg et al., 2018;
Berg, Haardorfer, et al., 2020; Caldeira et al., 2012; Chassin et al., 2000; Costello et al.,

2008; Lenk et al., 2018). Two studies among adult smokers documented three general
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cigarette trajectories of stable, increasing, and decreasing use (Hoeppner et al., 2008;
Mathew et al., 2018). Like for ENPs, most studies have examined socio-demographic and
behavioral factors as predictors of trajectories. Socio-demographic predictors of more
harmful trajectories include male sex (among youth and young adults) (Berg et al., 2018;
Berg, Haardorfer, et al., 2020), female sex (among adults) (Mathew et al., 2018), White
race (Berg et al., 2018; Lenk et al., 2018), and lower education level (Lenk et al., 2018).
Behavioral factors associated with membership in more harmful trajectories include
earlier age of tobacco initiation, past 30-day or past 12-month cigarette use, greater
frequency of cigarette use, greater cigarette dependence, and use of non-cigarette
combustibles, alcohol, and cannabis (Berg et al., 2018; Berg, Haardorfer, et al., 2020;
Costello et al., 2008). Cognitive factors have not been extensively examined, but one
study among adult smokers found that those with lower motivation to quit smoking were
more likely to belong to more harmful trajectories (Mathew et al., 2018). Additionally,
among dual users, those who perceived ENPs as less harmful than cigarettes were more
likely to remain ENP users (with or without using cigarettes), and less likely to become
exclusive cigarette users (Peroskie et al., 2019).

While the above studies provide some insight into trajectories of ENP and
cigarette use and their predictors, they have primarily focused on youth and young adults,
and analyses of adult ENP users are needed. Additionally, given the high prevalence of
dual use (Palmer et al., 2021; Rosen & Steinberg, 2020) and transitions between ENP and
cigarette use (Coleman et al., 2019; Miller et al., 2020; Osibogun et al., 2020; Wei et al.,
2020), it is important to understand how trajectories for both products are related.

Identifying joint trajectories of ENP and cigarette use, and their predictors, can help
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determine the long-term public health impact of ENPs and inform harm reduction and
ENP cessation interventions.

To fill these gaps in the literature, the objectives of this analysis were to: (1)
identify independent and joint trajectories of ENP and cigarette use among W1 adult ENP
users in the PATH study; and (2) identify W1 predictors of ENP, cigarette, and their joint
trajectories. We examined the following predictors: socio-demographics (age, sex,
race/ethnicity, and education), behavioral factors (frequency of ENP use, nicotine
dependence, and use of non-cigarette combustibles, non-combustibles, alcohol, and
cannabis), and one cognitive factor (ENP risk perception). We hypothesized that three
ENP (consistent, early decline and gradual decline) and five cigarette (consistent, early
decline, gradual decline, non-use/occasional, and increasing) trajectories would emerge.
Regarding predictors, we hypothesized that male sex, higher nicotine dependence, and
other tobacco product and substance use would be associated with membership in more
harmful ENP, cigarette and joint trajectories. Additionally, greater frequency of ENP use
and lower ENP risk perception would be associated with membership in more harmful
ENP trajectories, and non-Hispanic Whites and those with lower education levels would
be more likely to belong to more harmful cigarette trajectories.

Methods
Data Source

This analysis utilized W1 to W5 of the PATH adult surveys. PATH is a nationally
representative, longitudinal study of tobacco use in the civilian, non-institutionalized U.S.
population (CNP). W1 of the PATH study used a complex four-stage stratified area

probability sample design. Sampling rates varied by age, race, and tobacco-use status.
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Data collection for the W1 cohort took place between September 2013-December 2014
and follow-up surveys were conducted annually (W2: October 2014-2015, W3: October
2015-2016, W4: December 2016-January 2018, W5: December 2018-November 2019).
A detailed description of the PATH study methodology can be found elsewhere (Hyland
et al., 2017). This analysis was determined to be non-human subjects research by the
George Washington University Institutional Review Board.
Sample

To be included in the analysis, participants had to use an ENP at least once within
the past 30 days at W1 (n=4,431). Participants missing W1 ENP status, smoking status,
or predictors were excluded from the analysis. As the use of sample weights is required to
make valid population level inferences, participants who were missing sample weights
were also excluded from the analysis. A total of 2,193 participants were excluded for not
meeting one or more of the above criteria, resulting in an analytic sample of 2,238. W1
characteristics were compared between those excluded from and included in the analytic
sample. Participants excluded (vs included) from the analytic sample, were more likely to
be younger, male, and use other non-combustible tobacco products, and less likely to use
cannabis (all p’s <0.05) (Appendix A: Supplementary Table 1).
Measures
Outcomes
ENP Use. At W1 and W2, the PATH survey only assessed past 30-day e-cigarette use.
From W3 onwards, the PATH survey assessed past 30-day use of the following ENPs: e-
cigarettes, e-cigars, e-pipes, e-hookahs, and other ENPs. Therefore, at W1 and W2, ENP

use was based on past-30 day use of e-cigarettes only, and from W3 onwards, was based

43



on past-30 day use of all ENPs. This was treated as a dichotomous (yes/no) variable (all
participants were past 30-day users at W1).

Cigarette Use. This was also defined on the basis of any past 30-day use (yes/no) at all
waves.

W1 Predictors of fiajectories

Socio-demographics. We included age (18-24, 25-44 and 45+ years), sex (male, female),

race/ethnicity (non-Hispanic White, other), and education (less than high school,
completed GED or high school, and completed some college or more).

Tobacco, ENP. and Substance Use Characteristics

Other combustible tobacco product use: included every day or some day use of one or
more of the following products — traditional cigars, cigarillos, filtered cigars, pipes, and
hookah.

Other non-combustible tobacco products: included every day or some day use of one or
more of the following products — smokeless tobacco, snus, and dissolvable tobacco.
Nicotine dependence: was operationalized using eight items from the Wisconsin
Inventory of Smoking Dependence Motives (WISDM) Primary Dependence Motives
(PDM) subscale (Piper et al., 2004), which covered four domains of nicotine dependence.
Two items assessed automaticity (I find myself reaching for [product(s)] without thinking
about it, I frequently use/find myself almost using [product(s)] without thinking about it),
three items assessed craving (I frequently crave [product(s)], My urges keep getting
stronger if I don't use/I still have urges to use [product(s)], I can only go a couple of hours
without using/wanting to use [product(s)]), two items assessed loss of control

([product(s)] control me, My [product(s)] use is out of control/ My urge to use
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[product(s)] is out of control), and one item assessed tolerance (I usually want to use
[product(s)] right after I wake up). All items were assessed on a scale of 1 (not true of me
at all) to 5 (extremely true of me). For domains with multiple items, the mean score was
calculated. The overall dependence score was computed as the average of scores across
the four domains (range 1-5).

Frequency of ENP use was treated as a dichotomous variable on the basis of
daily use (yes/no). Substance use variables included past 30-day cannabis use (yes/no),
and alcohol use, which was computed as a frequency-quantity score (number of days
alcohol was consumed within the past 30 days x number of alcoholic drinks consumed on
days alcohol was consumed in the past 30 days). Frequency-quantity scores were
categorized based on tertiles of the distribution (tertile 1: 0, tertile 2: 1-12, and tertile 3:
>12).

Cognitive Factors. We included comparative risk perception between ENPs and

cigarettes using the item Ols using igarettes less harmful, about the same, or more
harmful than moking cigarettes?Response options were dichotomized as less harmful
vs about the same/more harmful.

More details about Aim 1 measures can be found in Appendix A.
Data Analysis

Group-based trajectory modeling (GBTM) was used to identify longitudinal
trajectories of ENP and cigarette use using the Stata traj plug-in (Jones & Nagin, 2013;
Nagin, 2009). GBTM specifies parametric forms for estimating the component density
functions, but can also be regarded as non-parametric, as it allows the number of

components to grow. It is therefore considered a semi-parametric approach (Nagin,
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2009). GBTM can be used to identify unobserved groups that follow similar
developmental or behavioral trajectories using maximum likelihood estimation. It is an
application of a finite mixture model, which assumes that the population is composed of a
mixture of a finite number of unobserved discrete groups (Nagin, 2009). GBTM allows
trajectory shapes to vary across groups and can accommodate observations with
incomplete data. Similar to latent class growth analysis, GBTM assumes no random
effects within groups.

We descriptively examined unique patterns of ENP and cigarette use across
waves (Appendix A: Supplementary Table 2). As both outcomes were dichotomous, logit
models were used to model each outcome separately. This model can be expressed as:

"4+ I Time + " JTime?
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"3+ Time, +” J Time?

where alj represents the probability that y;=1, given membership in group |, pj(yit=l).
This model provides an estimate of aly for each trajectory group j, at each time point.
Time was treated as a continuous variable, with W1 coded as 0.

To streamline the model building process, we followed Nagin’s (2009)
recommended two-step approach. The objective of the first step was to identify the
optimal number of groups (j), and in the second step, different j-group models were
estimated, allowing trajectory shapes to vary across groups, ranging between zero-order
(i.e. constant), linear, and quadratic trajectories. Informed by prior analyses of adult
tobacco use trajectories (Hoeppner et al., 2008; Mathew et al., 2018) and ENP and
cigarette transitions (Coleman et al., 2019; Miller et al., 2020; Osibogun et al., 2020; Wei
et al., 2020), we anticipated that for each product, there would be one group of stable
users. Therefore, all models that we examined included at least one zero-order trajectory.
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Model selection relied on the following fit indices: Bayesian Information Criteria
(BIC), (a higher, i.e. less negative value indicated better fit), average posterior probability
of group membership (AvePP) >0.7, odds of correct classification (OCC) >5, and a close
correspondence between the estimated probability of group membership and the
proportion assigned to that group based on the posterior probability of group membership
(Nagin, 2009). These statistical criteria along with domain knowledge and theoretical
plausibility informed final model selection. Given the limited number of time points (5),
we planned to run models comprising up to five groups. However, for ENPs, the 3-group
model failed to converge. For cigarettes, the BIC increased with the addition of each
group until five groups. However, several model fit indices indicated poor fit for the 5-
group model. Additionally, visual inspection of the 5-group model indicated that 2 of the
trajectories were very similar to each other. Therefore, in the second step, we examined
various 2-group models for ENPs and 4-group models for cigarettes. Supplementary
Appendix A: Supplementary Table 3 presents parameter estimates and fit statistics for all
estimated models.

Once trajectories were identified for each product, differences in characteristics of
trajectories were examined using chi-square tests for categorical variables and simple
linear regression for continuous variables. We also examined weighted descriptive
characteristics of the overall sample. Next, we ran binary and multinomial logistic
regression models to identify predictors of group membership for ENP and cigarette use
trajectories respectively. We then conducted a joint trajectory analysis to obtain

probabilities that link trajectory groups across the 2 behaviors (Nagin, 2009). Finally, we
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used multinomial logistic regression to identify predictors of a sub-set of joint ENP and
cigarette trajectories.

For analyses of PATH data, sample weights are required to account for the
complex survey design, and replicate weights are required to implement variance
estimation procedures that account for sampling design factors. As recommended by the
PATH study user guide, we used sample weights and the balanced repeated replications
method for variance estimation with Fay’s adjustment of 0.3 for all descriptive and
regression analyses. For analyses of trajectories, only sample weights were used, using
the Svyoption, as the traj plug-in does not enable the use of replicate weights. All
analyses were conducted using Stata 14, and a p-value of 0.05 was considered
statistically significant.

Results

Of the 2,238 participants included in the analysis, 2,125 had complete data on
ENP use at all five waves (n=112 had data for four waves; n=1 had data for three waves).
All participants had complete data for cigarette use at all five waves. Table 3 shows W1
sample characteristics. The sample was 45.7% between 25-44 years, 53.9% male, 71.3%
non-Hispanic White, and 53.3% with at least some college education. Almost all
participants (98.3%) had ever smoked a cigarette; 82.1% were dual users (i.e. past-30 day
ENP and cigarettes users), and 70.8% of dual users smoked cigarettes daily; 19.5% of
participants used ENPs daily, 39.5% used other combustibles, 9.3% used other non-
combustibles, and 26.9% used cannabis. The majority (73.5%) perceived ENPs as less
harmful than cigarettes. The proportion of participants using ENPs decreased over the

first four waves (W1=100%, W2=45.7%, W3=39.9%, W4=30.5%) and slightly increased
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at W5 (36.5%). The proportion of participants using cigarettes also decreased across
waves, but decreases were smaller (W1=82.1%, W2=78.0%, W3=73.0%, W4=70.4%,

W5=65.1%).
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Table 3. Weighted W1 Descriptive Characteristics of the Overall Sample and by ENP and Cigarette Trajectories

Variable ENP Trajectory Cigarette Trajectory
Total Declining Consistent Abstinent Declining Occasional Consistent
unweighted unweighted unweighted unweighted unweighted unweighted unweighted
n=2,238 n=1,666 n=572 n=311 n=167 n=245 n=1,515
Socio-demographics
Age
18-24 249 (23.1,26.8) | 25.0(22.8,27.5) | 24.4(21.1,28.0) | 26.6 (20.8, 33.2) | 30.8 (24.3,38.2) | 37.9(30.9,45.5) | 21.7 (19.8, 23.7)
25-44 45.7(43.1,48.4) | 45.8 (42.7,49.0) | 45.5(40.8,50.3) | 42.4 (36.0,49.1) | 47.7 (39.9, 55.6) | 42.7 (35.3,50.4) | 46.7 (43.5,49.9)
45+ 29.4(27.2,31.7) | 29.1(26.6,31.8) | 30.1(26.1,34.4) | 31.0 (25.7,36.9) | 21.5(15.4,29.2) | 19.4 (14.2,25.9) | 31.6 (28.8, 34.6)
Male 53.9(51.8,56.0) | 54.2(51.8,56.7) | 52.9 (48.0,57.7) | 54.8 (47.5,61.9) | 59.6 (51.3,67.3) | 56.2 (48.1,63.9) | 52.6(50.1,55.1)

Non-Hispanic
White

71.3(69.4,73.2)

69.9 (67.2, 72.4)

75.4 (71.0, 79.3)

68.7 (62.4, 74.4)

75.1 (67.0, 81.7)

62.1 (53.7, 69.9)

72.9 (70.6, 75.1)

Education
Less than high
school
High
school/GED
Some college or
more

12.4(11.2, 13.8)

34.3 (32.1, 36.6)

53.3 (50.8, 55.7)

13.3 (11.8, 14.8)
35.1 (32.7, 37.6)

51.6 (49.0, 54.2)

10.0 (7.7, 12.9)

32.2 (27.8, 36.8)

57.8 (52.9, 62.7)

7.7 (5.2,11.1)

29.9 (24.4, 36.2)

62.4 (55.6, 68.7)

6.1 (3.2,11.4)

24.7 (18.5, 32.1)

69.2 (61.1,76.2)

7.3 (4.5, 11.6)

31.4 (24.6, 39.0)

61.3 (53.2, 68.9)

15.0 (13.4, 16.7)

36.9 (34.2, 39.7)

48.1 (45.2, 51.0)

Tobacco, ENP, and Substance Use Characteristics

Ever smoker

98.3(97.6, 98.8)

98.0 (97.0, 98.7)

99.3 (98.0, 99.8)

92.9 (88.6,95.7)

100.0

95.5(91.2,97.7)

99.7 (99.2, 99.9)°

Dual use®

82.1 (30.4, 83.8)

15.0 (13.3, 16.8)

26.0 (22.3, 30.1)

34.1 (28.8, 39.8)

100.0

33.7(26.8, 41.3)

97.8 (96.8, 98.5)°

Daily cigarette use

70.8 (68.0, 73.5)

72.6 (69.7, 75.4)

65.0 (59.9, 69.7)

34.8 (25.4, 45.5)

48.0 (40.0, 56.2)

40.2 (30.1, 51.1)

78.0 (75.2, 80.6)

Daily ENP use

19.5 (17.2, 22.0)

11.8 (9.8, 14.3)

40.8 (35.9, 46.0)

34.7 (28.9, 41.0)

22.9 (15.6, 32.3)

30.2 (23.4, 38.0)

14.1 (11.8, 16.8)

Other combustible
use

39.5(37.2, 41.8)

40.1 (37.5, 42.8)

37.7(32.8, 42.9)

35.4(29.7, 41.6)

41.8(33.1,51.1)

48.0 (39.6, 56.5)

38.7(36.1, 41.3)

Other non-

combustible use 9.3(8.0,10.9) 9.8 (8.0,11.9) 8.1(5.9,11.1) 9.0 (6.5, 12.4) 11.2 (6.4, 18.8) 6.6 (4.1,10.7) 9.6 (8.0, 11.5)
Nicotine

dependence (1-5),

M (95% CI) 2.7(2.6,2.8) 2.7 (2.7,2.8) 2.6 (2.5,2.7) 1.8 (1.7, 1.9) 2.5(2.3,2.7) 1.9 (1.7, 2.0) 3.13.0,3.1)

Alcohol

consumption score

0
1-12
>12

37.6 (35.1, 40.3)
30.4 (28.4, 32.5)
32.0 (29.6, 34.4)

37.1 (34.3,40.1)
31.6 (29.1, 34.1)
31.3 (28.6,34.2)

39.1 (34.4, 44.0)
27.2(23.1, 31.6)
33.8(29.6, 38.2)

41.0 (35.0, 47.4)
28.6 (23.7,34.1)
30.3 (24.9, 36.4)

32.0 (24.4, 40.8)
33.2(25.8,41.5)
34.8 (27.6,42.8)

41.3 (33.8,49.2)
26.4 (21.0,32.7)
32.3(25.1, 40.4)

37.0 (34.2, 40.0)
31.1(28.5,33.7)
31.9 (29.2, 34.7)

Cannabis use

26.9 (24.9, 29.0)

27.7(25.2, 30.3)

24.7(21.3, 28.5)

16.7 (12.7, 21.5)

26.7 (20.0, 34.7)

29.7 (24.4, 35.7)

28.6 (26.1, 31.2)




Cognitive Factors

Perceive e-cigs as

less harmful than

cigs 73.5(71.8,75.1) | 69.7 (67.2,72.1) | 84.0 (80.5,87.0) | 84.3 (80.1,87.8) | 79.7 (73.2,84.9) | 78.5(72.0,83.8) | 69.6 (67.5, 71.6)

W1-WS5 ENP and Cigarette Use

ENP use
Wil 100.0
w2 45.7 (42.6, 48.8)
w3 39.9 (37.2,42.8)
w4 30.5 (28.2,33.0)
W5 36.5 (34.3, 38.8)

Cigarette use
Wil 82.1(80.4, 83.8)
w2 78.0 (75.9, 80.0)
w3 73.0 (70.3, 75.5)
w4 70.4 (68.2, 72.5)
W5 65.1(62.7, 67.4)

Notes. “All figures are weighted % (95% CI) unless otherwise noted; "% did not total to 100 as a small number of participants in the consistent
cigarette trajectory were non-smokers at W1; “W1 past-30 day use of ENPs and cigarettes; “among W1 past 30-day cigarette users
(unweighted n=1,839); bold indicates significant differences between groups at p<0.05



Trajectories

ENPs. A 2-group model with one group following a quadratic trajectory and the other
group following a zer@rder trajectory was found telthe best fitting model (BIC=
5469.21; Group 1: AvePP=0.96, OCC=8.65; Group 2: AvePP=0.91, OCC=Retd).
Appendk A: Supplementary Tablef8r complete fit statisticsAs shown in Figure/A,
group 1 (73.2%) was characterized by declining ENP use and group 2 (26.8%) was
characterized by consistent ENP use over tifthough the declining trajectory
exhibited a slighincrease from W4 to W5, this incredsely represents an artifact of

the quadratic curve rather than a real increase in ENP use

Figure 5. ENP and Cigarette Use Trajectories of W1 ENP Users across W1-WS5: PATH Study
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Cigarettes. A 4-group model with one group following a zesade trajectory and the
remaining thregroups following a linear trajectory was selected (B+@507.72; Group
1: AvePP$.83, OCC=33.09; Group 2: AvePP=0.81, OCC=48.22; Group 3:
AvePP=0.97, OCC=16.02; Group 4: AvePP=0.84, OCC=37Ré&ferAppendix A:
Supplementary Tablef8r complete fit statisticsAlthough this model had the third

highest BIC, it was selected on the basis of parsimony, as it identified tke sam
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trajectories as the two models with higher BICs by using lower-order polynomials. Figure
5B shows the four groups: the largest group was characterized by consistent cigarette use
over time (65.8%), followed by occasional (12.9%), abstinent (12.4%), and declining
(8.9%) cigarette use.
Predictors of Independent Trajectories

Table 3 presents bivariate comparisons of the two ENP and four cigarette
trajectories. In multivariable analyses (Table 4), individuals in the consistent (vs
declining) ENP trajectory had higher odds of using ENPs daily (aOR=4.84, 95%
CI=3.66, 6.39) and perceiving ENPs as less harmful (vs as or more harmful) than
cigarettes; aOR=1.67, 95% CI=1.20, 2.33). For cigarettes, compared to the consistent
trajectory, participants in the other three trajectories were more likely to use ENPs daily
(vs non-daily) and less likely to be nicotine dependent (all p’s <0.05). Additionally, those
in the declining and occasional (vs consistent) trajectories were more likely to complete
some college or more (vs less than high school; p’s<0.05). Those in the abstinent (vs
consistent) trajectory were less likely to use cannabis (aRRR=0.49, 95% CI=0.34, 0.71)
and more likely to perceive ENPs as less harmful than cigarettes (aRRR=1.78, 95%
CI=1.29, 2.46). Those in the occasional (vs consistent) trajectory were less likely to have

high alcohol consumption (p’s <0.05).
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Table 4. Predictors of ENP and Cigarette Trajectories: PATH Study WiW5

ENP
Trajectories Cigarette Trajectories
aOR (95% CI) aRRR (95% CI)
Consistent Abstinent Declining Occasional
Variable Vs Vs Vs Vs
Declining Consistent Consistent Consistent
Sociocdemographics
Age (vs 18-24) Ref Ref Ref Ref

25-44
45+

0.89 (0.67, 1.18)
0.82 (0.59, 1.15)

0.88 (0.58, 1.34)
1.07 (0.68, 1.68)

0.74 (0.48, 1.12)
0.53 (0.30, 0.95)

0.72 (0.46, 1.12)
0.56 (0.31, 1.02)

Male (vs female)

0.92 (0.74, 1.16)

1.22(0.87, 1.71)

1.31(0.87, 1.98)

1.10 (0.77, 1.58)

Non-Hispanic White

(vs other) 1.18 (0.88, 1.59) | 0.89(0.65,1.22) | 1.23(0.77,1.97) | 0.79 (0.55, 1.13)
Education (vs less than
high school) Ref Ref Ref Ref

High school/GED 1.13(0.77, 1.65) | 1.39(0.86,2.26) | 1.49 (0.68,3.31) | 1.66 (0.90, 3.08)

Some college or more

1.32(0.92, 1.89)

1.91 (1.13, 3.25)

3.07 (1.37, 6.86)

2.22 (1.18, 4.17)

Tobacco, ENP, and Substance Usddacteristics

Daily ENP use

4.84(3.66, 6.39)

3.19 (2.23, 4.56)

1.91 (1.15, 3.16)

3.31(2.18, 5.02)

Other combustible use

1.19 (0.89, 1.60)

1.03 (0.75, 1.41)

1.05 (0.67, 1.64)

1.40 (0.90, 2.17)

Other non-combustible use

0.85 (0.51, 1.41)

1.43 (0.90, 2.26)

1.12 (0.57, 2.22)

0.85 (0.48, 1.50)

Nicotine dependence

0.95 (0.86, 1.05)

0.37 (0.31, 0.44)

0.72 (0.62, 0.85)

0.43 (0.36, 0.51)

Alcohol consumption score
(vs 0)

1-12

>12

Ref
0.90 (0.67, 1.22)
1.10 (0.83, 1.46)

Ref
0.77 (0.54, 1.10)
0.70 (0.47, 1.05)

Ref
1.04 (0.66, 1.65)
0.92 (0.58, 1.47)

Ref
0.57 (0.37, 0.88)
0.57 (0.34, 0.95)

Cannabis use

0.97 (0.74, 1.27)

0.49 (0.34, 0.71)

0.77 (0.51, 1.15)

0.89 (0.62, 1.27)

Cognitive Factors

Perceive e-cigarettes as less
harmful than cigarettes
(vs as or more harmful)

1.67 (1.20, 2.33)

1.78(1.29, 2.46)

1.43 (0.95, 2.17)

1.36 (0.92, 2.00)

Joint Trajectories

Table 5 presents results from the joint trajectory analysis. Estimation of joint

probabilities indicated that participants had the highest probability of belonging to the

declining ENP and consistent cigarette trajectory (52.3%), followed by the consistent

ENP and consistent cigarette trajectory (12.9%). The probability of belonging to the

consistent ENP and declining cigarette trajectory was the lowest (2.7%).
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Table 5. Joint Probabilities of ENP and Cigarette Trajectory Group Membership

from W1-WS5 among W1 ENP Users: PATH Study

ENP Trajectory %
Declining Consistent Total
Abstinent 7.6 5.0 12.6
Cigarette Declining 6.7 2.7 9.4
Trajectory % | Occasional 7.7 5.2 12.9
Consistent 52.3 12.9 65.2
Total 74.3 25.8 100.0

Note. Row and column totals may not add up to 100 due to rounding.

Table 6 shows comparisons of joint trajectories. The occasional and consistent
cigarette trajectories were combined, as both these trajectories were considered to be
harmful, resulting in six unique joint trajectories. The comparisons were selected on the
following basis — comparisons 1 and 2 were aimed at informing ENP cessation
approaches by identifying factors that differentiate consistent vs declining ENP use
among those belonging to less harmful cigarette trajectories (abstinent; declining);
comparisons 3-6 are relevant for harm reduction approaches, as they compare predictors
of membership in more harmful (occasional or consistent) vs less harmful (abstinent;
declining) cigarette trajectories among participants belonging to the same ENP trajectory.
ENP cesation comparisons
1. Among those abstinent from cigarettes, what distinguishes consistent vs declining
ENP users? Those consistently using ENPs (vs declining in use of ENPs) had higher
odds of being older, using ENPs daily, and having higher nicotine dependence.

2. Among declining cigarette users, what distinguishes consistent vs declining ENP
users? Those consistently using ENPs (vs declining in use of ENPs) had higher odds of

being non-Hispanic White and using ENPs daily.
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Harm reduction comparisons

3. Among declining ENP users, what distinguishes occasional/consistent cigarette
users vs those abstinent from cigarettes? Those occasionally/consistently using
cigarettes (vs abstinent from cigarettes) had higher odds of having higher nicotine
dependence and using cannabis, and lower odds of using non-combustibles and
perceiving ENPs as less harmful than cigarettes.

4. Among declining ENP users, what distinguishes occasional/consistent vs declining
cigarette users? Those occasionally/consistently using cigarettes (vs declining in
cigarette use) had lower odds of having higher education and higher odds of having
higher nicotine dependence.

5. Among consistent ENP users, what distinguishes occasional/consistent cigarette
users vs those abstinent from cigarettes? Those occasionally/consistently using
cigarettes (vs abstinent from cigarettes) had higher odds of being 18-24 years (vs 45 years
or older), using ENPs non-daily, and having higher nicotine dependence.

6. Among consistent ENP users, what distinguishes occasional/consistent vs declining
cigarette users? Those occasionally/consistently using cigarettes (vs declining in
cigarette use) had higher odds of being female and of other race/ethnicity (vs non-

Hispanic White).
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Table 6. Predictors of ENP and Ggarette Joint Trajectories: PATH Study W1-W5

Comparison

1

2

3

4

5

ENP Cessation @mparisons

Harm Reduction Comparisons

ConsistenENP +

Declining ENP +

Declining ENP +

ConsistenENP +

2544
45+

1.79 (0.73, 4.40)
4.41 (1.69, 11.52)

0.75 (0.28, 2.03)
0.54 (0.14, 2.08)

1.18 (0.74, 1.89)
1.61 (0.93, 2.79)

1.26 (0.78, 2.03)
1.64 (0.89, 3.02)

. Declinin : ; : Consistent ENP +
Consistent ENP + . g Occasional/ Occasional/ Occasional/ .
. : cigarette . . . Occasional/
Abstinent cigarette consistent consistent consistent . .
VS i i i consistent cigarette
Vs - cigarette cigarette cigarette
- Declining ENP + VS
Declining ENP + Declinin VS vS VS Consistent ENP +
Abstinent cigarette i arettg Declining ENP + | Declining ENP + | Consistent ENP + Declining cigarette
g Abstinent Declining Abstinent gclg
cigarette cigarette cigarette
Sociocdemographics
Age (vs 1824) Ref Ref Ref Ref Ref Ref

0.53 (0.23, 1.23)
0.22 (0.09, 0.51)

1.34 (0.55, 3.27)
1.82 (0.51, 6.48)

Male (vs Emale)

0.89 (0.48, 1.66)

2.32 (0.95, 5.69)

0.84 (0.57, 1.12)

1.00 (0.59, 1.69)

0.81 (0.45, 1.47)

0.37 (0.17, 0.80)

Non-Hispanic White
(vs aher)

1.41 (0.67, 2.98)

3.37 (1.28, 8.87)

1.12 (0.73, 1.71)

0.98 (0.58, 1.65)

0.83 (0.44, 1.57)

0.30 (0.11, 0.80)

Education (vs less tha
high school)
High school/GED
Some college or
more

Ref
1.34 (0.45, 4.04)
1.01(0.33, 3.15)

Ref
0.87 (0.15, 5.18)
1.34 (0.23, 7.87)

Ref
0.85 (0.47, 1.55)
0.56 (0.29, 1.05)

Ref
0.67 (0.27, 1.67)
0.36 (0.14, 0.93)

Ref
0.69 (0.26, 1.87)
0.76 (0.26, 2.18)

Ref
0.84 (0.17, 4.25)
0.37 (0.07, 1.84)

Tobacco, ENP, and Substance Usddacteristics

Daily ENP use

11.04 (5.49, 22.22

6.92 (2.42, 19.77

0.97 (0.53, 1.77)

0.94 (0.47, 1.89)

0.31 (0.18, 0.53)

0.47 (0.20, 1.13)

Other combustibleise

0.75 (0.33, 1.68)

0.97 (0.37, 2.55)

0.91(0.61, 1.35)

0.93 (0.58, 1.50)

1.60 (0.77, 3.31)

1.25 (0.48, 3.29)

Other norcombustible
use

0.25 (0.03, 2.38)

0.52 (0.08, 3.15)

0.46 (0.25, 0.82)

0.73 (0.37, 1.44)

1.83 (0.25, 13.47)

1.44 (0.25, 8.19)

Nicotine dependence

1.65 (1.23, 2.23)

1.03 (0.761.40)

2.97 (2.36, 3.73)

1.25 (1.06, 1.48)

1.68 (1.34, 2.10)

1.14 (0.84, 1.53)

Alcohol consumption
score (vs 0)

1-12

>12

Ref
0.75 (0.34, 1.69)
1.33(0.60, 2.93)

Ref
0.72 (0.26, 2.02)
1.20 (0.36, 3.97)

Ref
1.05 (0.70, 1.56)
1.29 (0.77, 2.14)

Ref
0.81 (0.481.37)
1.02 (0.65, 1.59)

Ref
1.39(0.71, 2.70)

1.06 (0.56, 2.02)

Ref
1.12 (0.46, 2.70)
0.93 (0.30, 2.92)




8S

Cannabis use

| 1.05(045,242) | 1.13(0.38,3.38) | 2.08(1.33,3.26) | 1.36(0.80,2.29) | 1.85(0.91,3.75) | 1.11(0.45,2.73) |

Cognitive Factors

Perceive e-cigarettes
as less (vs as/more)
harmful than cigarettes

2.36 (0.6, 9.95)

1.65 (0.39, 7.06)

0.65 (0.43, 0.98)

0.72 (0.44, 1.20)

0.44 (0.12, 1.64)

0.71 (0.19, 2.63)




Discussion

We identified two ENP and four cigarette trajectories. The majority of
participants (73.2%) belonged to the declining ENP trajectory, and 26.8% exhibited
stable ENP use across time. With regard to cigarette use, similar proportions of
participants were generally abstinent at all waves (12.4%) or used sporadically across
waves (12.9%), a small proportion (8.9%) showed a steady decline in cigarette use over
time, and the largest group (65.8%) consistently used cigarettes over all waves. Joint
trajectory analysis showed that participants had the highest probability of belonging to
the declining ENP and consistent cigarette trajectory (52.3%), followed by the consistent
ENP and consistent cigarette trajectory (12.9%), which are patterns of use associated with
elevated harm (Bhatta & Glantz, 2020; Czoli et al., 2019; Goniewicz et al., 2018; Stokes
et al., 2021).

The ENP and cigarette trajectories identified here are largely consistent with our
hypotheses and previous analyses (Berg et al., 2018; Berg, Haardorfer, et al., 2020;
Caldeira et al., 2012; Chassin et al., 2000; Costello et al., 2008; Hoeppner et al., 2008;
Lenk et al., 2018; Mathew et al., 2017), with a few differences. We identified only one
declining trajectory for ENP and cigarette use, whereas Mathew et al. (2017) identified
two trajectories of decreasing cigarette use (shallow and steep) among adult smokers.
This could be due to differences in how we operationalized our outcome. We modeled
ENP and cigarette use as dichotomous variable (yes/no), whereas Mathew et al. (2017)
modeled smoking as a continuous variable (% change in cigarettes per day), which may
be a more statistically informative measure. Contrary to Hoeppner et al.’s (2008) analysis

of adult smokers, we did not identify a trajectory of increasing cigarette use. This could
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be because most participants in our sample (82.1%) were dual users at W1. However,
trends in ENP use by combustible cigarette smoking history indicate that dual use is
becoming less common (Bandi et al., 2021). Therefore, continued monitoring of ENP and
cigarette trajectories among ENP users is needed, as trajectories not identified here, such
as occasional ENP use or increasing cigarette use, may emerge in future analyses.

The most common joint trajectory we identified (declining ENP and consistent
cigarette use) aligns with findings of longitudinal transitions among adult dual users in
the PATH study (Coleman et al., 2019; Miller et al., 2020; Osibogun et al., 2020; Wei et
al., 2020). It is also consistent with two studies using multistate transition modeling,
which found that combustible cigarette use was more stable than ENP use (Brouwer et
al., 2020; Niaura et al., 2020). Thus, our findings suggest that at the population level,
ENPs do not appear to be contributing to harm reduction. The majority of ENP users
(65.2%) maintained consistent cigarette use, underscoring an urgent need to address
cigarette smoking, either by promoting harm reduction or encouraging dual cessation of
ENPs and cigarettes.

A key target for both harm reduction and ENP cessation interventions is nicotine
dependence. Among participants belonging to the same ENP trajectory, higher nicotine
dependence consistently predicted membership in more harmful (occasional/consistent)
vs less harmful (abstinent; declining) cigarette trajectories. Additionally, among
participants in the abstinent cigarette trajectory, higher nicotine dependence was
associated with belonging to the consistent (vs declining) ENP trajectory. This is

consistent with a prior analysis of PATH data, which found that dual users with higher
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nicotine dependence were less likely to transition to dual cessation (vs remaining dual
users) (Osibogun et al., 2020).

Addressing ENP use frequency is another potential intervention target for harm
reduction and ENP cessation interventions. In analyses examining predictors of ENP and
cigarette trajectories independently, daily ENP use was associated with membership in
less harmful cigarette, but more harmful ENP trajectories. In analyses comparing joint
trajectories, daily ENP use was associated with membership in less harmful (abstinent) vs
more harmful (occasional/consistent) cigarette trajectories among participants in the
consistent ENP trajectory. This result mirrors findings from previous analyses of PATH
data, which show that daily ENP users are more likely to achieve prolonged cigarette
smoking abstinence (Kalkhoran et al., 2020) and transition to exclusive ENP use (Baig &
Giovenco, 2020). However, among ENP users in the declining and abstinent cigarette
trajectories, those who used ENPs daily were more likely to belong to the consistent (vs
declining) ENP trajectory. Thus, daily ENP use may facilitate smoking abstinence but
impede ENP cessation. Growing evidence indicates that vape tapering may be effective
an effective strategy to help vapers quit (Klemperer & Villanti, 2021; Sahr et al., 2019,
2021; Struik & Yang, 2021). Harm reduction interventions for dual users could
encourage more frequent ENP use more to achieve smoking cessation, while
interventions aimed at former and never smoking ENP users could promote vape tapering
to facilitate ENP cessation.

A few socio-demographic characteristics predicted membership in specific joint
trajectories. Among those who used ENPs consistently, older (vs younger) adults were

more likely to be in the less harmful (abstinent) vs more harmful (occasional/consistent)
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cigarette trajectoryHowever, among those in the abstinent cigarette trajectory, older (vs
younger) adults were more likely to maintain ENP uddefadults are more lgty to

use ENPs to quit smoking (Yong et al., 20t@) these findings indicate that theyy
require additional assistance to transition to quitiiNPs Among those who used ENPs
consistently, ralesand norHispanic Whites were more likely tielong tothe declining

(vs occasional/consistent) cigarette trajectory. This is consistent with previous research
showing that males (vs females) and 4ktispanic Whites (vs other races/ethnicities) are
more likely to use ENPs to achieve smoking cessation (Abraais 2020; Harlow et

al., 2019). Among participants in the declining ENP trajectory, higher education was
associated with membership in less harmful (declining) vs more harmful
(occasionationsistent) cigarette trajectories. These results highlightetbe to tailor
interventions to specific socidemographic groups to reduce disparities in harm
reduction and vaping cessation.

Contrary to prior studie®udrainMcGovern et al., 2021; Berg et al., 2018; Berg,
HaardSrfer, et al., 2020; Costello et &008; Park et al., 2020; Westling et al., 2017)
substance use variables did not consistently predict trajectory group membership.
However, onsstent with our hypothesis apdeviousresearch (Peroskie et al., 2019)
lower perceived risk of ENPs was asgted with greater odds of being in the consistent
(vs declining)ENP trajectoryTherefore, a potential strategy for vaping cessation
interventions is to communicate the independent harms associated with vaping.

As with any longitudinal study, attritiois a challenge. It is possible that tobacco
users were more likely to drop out of the study tharummers, which could bias findings.

Our assessment of ENP and tobacco use at each wave was based onZhyaasise.
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While this approach has been used by previous studies (Berg et al., 2018; Niaura et al.,
2020) a limitation is that the sample could include individuals with widely varying use
levels (i.e. used on all 30 days or used only once in the past 30 days). This approach also
does not take in to consideration use between assessment time points or use
frequency/quantity, which has implications for risk. Future studies could limit inclusion
criteria based on some threshold of use (e.g. used on 15+ days), define outcomes on the
basis of continuous abstinence, and examine trajectories based on quantity and frequency
of use. Product use status was based on self-report and was not biochemically verified.
As we had a limited number of time points (5), we did not have sufficient power to model
higher-order trajectories (e.g. cubic). We were also unable to include additional
predictors of interest, such as self-efficacy, motivation to quit, reasons for using ENPs,
and e-liquid nicotine concentration, as a large number of participants were missing data
on these variables due to skip patterns in the PATH instrument. A strength of this study is
the use of a nationally representative sample, which allows for generalization of findings
to the broader U.S. CNP. As one of the first studies to examine joint trajectories of ENP
and cigarette use among adult ENP users, findings have implications for policies and
interventions across the tobacco control continuum.
Conclusions

Of two ENP (consistent and declining) and four cigarette (abstinent, occasional,
declining, and consistent) trajectories identified in a nationally representative sample of
U.S. adult ENP users, participants were most likely to belong to the declining ENP and
consistent cigarette joint trajectory. Higher nicotine dependence was associated with

membership in more harmful trajectories. Daily ENP use was associated with
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membership in less harmful cigarette trajectotoes more harmful ENP trajectories.
Socio-demographic characteristics welsoassociated witkrajectory group
menbership Future studies could examine a wider range of predjgtarsicularly

cognitive and sockenvironmental factors.
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Chapter 3: Predictors of Electronic Nicotine Product Quit Attempts and Cessation:
Analysis of Waves 3 and 4 of the PATH &idy

Abstract

Introduction: Identifying theorybased predictors &NP quit attempts and cessation can
guide the development of effective vaping cessation interventions, which are currently
limited. This study examined predictors of ENP quit attempts and sficcesssation
among adult ENP users.

Methods: Using data from wave 3 (W3) (20E2916) past 3@lay ENP users in tHieATH
study, we used multivariable logistic regression to exa®@&based cognitive,
behavioral, and socienvironmental factors in relatido (i) W4 (20162018) quit
attempts (unweighted n=1,059); and (ii) W4 cessation among those who made a quit
attempt (unweighted n=459).

Results: At W4, 41.2% of W3 adult ENP users made a quit attempt. Among those who
attempted to quit, 83.8% were sucfet SCTFbased predictors of ENP quit attempts
included: higher interest in quitting ENPs (aOR=1.13), greateeffgithcy to quit ENPs
(aOR=1.32), higher perceived risk of ENPs (aOR=1.21), currently using cigarettes (vs
nonsmoker; aOR=2.45), other n@ombustibles (aOR=2.35), and cannabis (aOR=1.46),
and living in a household prohibiting ENP use (vs freely allowing; aOR=1.75). Predictors
of ENP cessation included: lower interest in quitting ENPs (aOR=1.11), greater self
efficacy to quit ENPs (aOR=1.42)urrent cigarette use (vs nsmoker; aOR=3.98), and

absence of ENP advertising exposure (aOR=2.08).
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Conclusions: Self-efficacy may be among the most important ENP cessation intervention
targets, as it was among the wide range of predictors of quit attempts and the few

predictors of successful cessation.

Introduction

ENPs are the second most commonly used tobacco product among U.S. adults,
with an estimated 10.9 million current users (Cornelius et al., 2020). While ENPs are
considered less harmful than cigarettes (NASEM et al., 2018) and may help smokers quit
(Hartmann-Boyce et al., 2020), these products carry independent health risks (Bhatta &
Glantz, 2020; Buchanan et al., 2020; Osei et al., 2020). Another significant concern
regarding ENPs is their potential for causing nicotine addiction. High levels of nicotine
exposure impede brain development (Holliday et al., 2016) and are associated with
psychiatric disorders (Kutlu et al., 2015; Yuan et al., 2020), and laboratory-based studies
have shown that ENPs may deliver nicotine in concentrations that exceed combustible
cigarettes (Hajek et al., 2020; Rapp et al., 2020).

Despite these risks, ENP quit attempt and cessation rates are low. A recent study
of adult long-term ENP users found that 25.8% tried to quit and 7.7% successful quit
(and were abstinent from smoking) (Sobieski et al., 2021). This is similar to an analysis
of W3 PATH data, which found that roughly 25% of ENP users made a past year quit
attempt (Rosen & Steinberg, 2020). However, an analysis of W4 PATH data found a
lower past year quit attempt rate (15.2%) (Palmer et al., 2021). Thus, interventions are
needed to encourage ENP users to try quitting and help them successfully quit.

Recent studies have found many similarities between vaping and smoking

cessation with regard to cessation motivations, experiences, quit methods, and preferred
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intervention functions (Berg, Romm, et al., 2021; Klemperer & Villanti, 2021; Kong et
al., 2021; Sanchez et al., 2021). For instance, reasons for quitting vaping and smoking
include health concerns, addiction, and cost (Klemperer & Villanti, 2021; Kong et al.,
2021; Sanchez et al., 2021). Barriers to quitting both products include social reasons,
stress reduction, and sensory and behavioral gratification (Kong et al., 2021; Sanchez et
al., 2021). Quit methods used for both products include cutting down, receiving advice
from a healthcare provider, quitting without help, and nicotine replacement therapy
(Carabello et al., 2017; Klemperer & Villanti, 2021). Intervention functions preferred by
smokers, vapers and users of both products (dual users) include behavioral monitoring
and earning rewards (Berg, Romm, et al., 2021). Therefore, conceptual frameworks used
by smoking cessation interventions, and predictors of smoking quit attempts and
cessation are likely to be relevant for vaping cessation (Berg, Krishnan et al., 2021).

SCT-based interventions have been extensively used for smoking cessation
(Bandura, 1986) and are effective for short-term smoking cessation in young adults
(Villanti et al., 2020). Several studies have also found significant associations between
specific SCT constructs and quitting behaviors. Cognitive factors include self-efficacy
(Gwaltney et al., 2009; Vangeli et al., 2011), outcome expectancies (Kaufmann et al.,
2020; Skov-Ettrup et al., 2017), and risk perception (Borrelli et al., 2010; Costello et al.,
2012). Behavioral factors include co-occurring use of substances such as alcohol (Kahler
et al., 2009; Lynch et al., 2019) and cannabis (Rogers et al., 2020; Vogel et al., 2018).
Socio-environmental factors include social norms (Jackson et al., 2020; Schoenaker et al.,
2018), smoke-free homes (Mills et al., 2009) and exposure to tobacco marketing

(Siahpush et al., 2016). Given high rates of ENP use among young adults (Cornelius et
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al., 2020), and considering the nuances of vaping, such as co-use with other substances,
and variation in levels of ENP use, readiness to quit, and motives for use and
discontinuation, SCT might be particularly well suited to guide vaping cessation
interventions (Berg et al., 2020; Berg, Krishnan et al., 2021).

Smoking cessation research has also shown that predictors of quit attempts differ
from predictors of successful cessation. The majority of cognitive factors, such as risk
perception, motivation or readiness to quit, and outcome expectancies have generally
been shown to predict quit attempts but not successful cessation (Costello et al., 2012;
Jardin & Carpenter, 2012; Vangeli et al., 2011). Only self-efficacy has been consistently
shown to predict both outcomes (Gwaltney et al., 2009). Among behavioral factors,
cannabis use has been found to predict cessation but not quit attempts (Vogel et al.,
2018), while alcohol use is associated with both outcomes (Kahler et al., 2009). With
regard to socio-environmental factors, perceived disapproval of smoking is associated
with quit attempts (Jackson et al., 2020; Schoenaker et al., 2018), exposure to tobacco
marketing is associated with cessation (Siahpush et al., 2016), and smoke-free homes are
associated with quit attempts and successful cessation (Mills et al., 2009). Additionally,
nicotine dependence is a robust predictor of quit attempts and cessation (Vangeli et al.,
2011).

To date, only a few studies have examined predictors of ENP quit attempts and
cessation. These studies have largely focused on socio-demographics, and tobacco, ENP,
and substance use characteristics. Across studies, predictors of ENP quit attempts have
included male sex, Blacks (vs Whites), use of other tobacco products, non-use of

cannabis, non-daily ENP use, use of closed (vs open) system devices, higher nicotine
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dependence, greater ENP harm perception, and greater interest in quitting ENPs (Berg,
Duan, et al., 2020; Cuccia et al., 2021; Sobieski et al., 2021). Predictors of successful
cessation have included higher education, lower nicotine dependence, non-daily ENP use,
non-smoker, use of non-customizable devices, and not using other combustible tobacco
products (Coleman et al., 2019; Osibogun et al., 2020; Pepper et al., 2014; Sobieski et al.,
2021). While these findings provide some insights into potential intervention targets,
more research is needed — in particular, research focused on cognitive and socio-
environmental predictors of ENP cessation attempts and success.

Given the high prevalence of ENP use and the low rates of quit attempts and
cessation, there is an urgent need to encourage and assist ENP users with quitting.
However, the limited research examining the ENP cessation process, including
theoretically informed predictors of quit attempts versus successful cessation, limits our
ability to develop successful interventions. Understanding how these predictors differ can
optimize interventions designed to target ENP users at different stages of the quitting
process. To address this gap in the literature, the objective of this study was to identify
W3 predictors of W4 ENP quit attempts and cessation among adult ENP users in the
PATH study. Specifically, we examined a range of SCT-based predictors, which included
cognitive factors (interest in quitting ENPs, self-efficacy to quit ENPs, ENP outcome
expectancies, and perceived risk of ENPs), behavioral factors (cigarette smoking status,
combustible and non-combustible tobacco use, cannabis use, and alcohol use), and socio-
environmental factors (perceived disapproval of ENPs, household vaping rules and

exposure to ENP advertising). Secondary predictors included ENP use characteristics
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(ENP dependence, device type, frequency of ENP use, and flavor), and we also included
socio-demographics (age, sex, race/ethnicity, and education level) as covariates.

Drawing from the smoking cessation literature and the relatively limited vaping
cessation literature, we hypothesized that: interest in quitting ENPs, ENP outcome
expectancies, perceived risk of ENPs, perceived disapproval of ENPs, race/ethnicity, and
sex would be related to quit attempts; exposure to ENP advertising would be related to
cessation; and self-efficacy to quit ENPs, smoking status, use of other tobacco products,
cannabis, and alcohol, household vaping rules, ENP dependence, and device type would
be related to quit attempts and cessation. While previous studies have not examined the
association between use of flavors and ENP quitting behaviors, we hypothesized that it
would be related to quit attempts and cessation.
Methods
Data Source

This analysis included W3 and W4 of the PATH adult surveys. W3 data was
collected between October 2015-2016 and W4 data was collected between December
2016-Jaunuary 2018. PATH is a nationally representative longitudinal cohort study of
tobacco use among the U.S. CNP. The PATH study used a complex four-stage stratified
area probability sample design. Primary Sampling Units (PSUs) formed the first stage of
sampling. Each PSU comprised a county or group of counties, and a stratified sample of
PSUs was selected. In the second stage, smaller geographic segments were sampled from
selected PSUs. In the third stage, residential addresses were sampled from geographic
segments selected in the second stage. Finally, in the fourth stage, adults were selected

from households corresponding to selected residential addresses. Sampling rates varied
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by age, race and tobacco use status. Additional details of the PATH study design and
methodology can be found elsewhere (Hyland et al., 2017).
Sample

Eligibility criteria for this analysis were: (i) used an ENP, even one or two times,
in the past 30 days at W3 (the PATH study defines ENPs to include e-cigarettes, vape
pens, personal vaporizers and mods, e-cigars, e-pipes, e-hookahs, and hookah pens); (ii)
primary ENP used most of the time contains nicotine; and (iii) not missing data on W3
predictors, W4 outcomes, and sample and replicate weights. Exclusion criteria were: (i)
did not use ENPs, even one or two times, in the past 30 days at W3; (ii) primary ENP
used most of the time did not contain nicotine; and (iii) missing data on W3 predictors or

W4 outcome or sample and replicate weights.

Figure 6. Derivation of Aim 2 Sample

Completed W3 survey EfCIUded
a n=24,763
n= 28,148 n=24,731 did not use ENPs in the
past 30 days
*  n=32 missing data on past 30 day
‘ ENP use
Used ENPs in the past
30 days
n= 3,385 Excluded
n=1,019
| n=941 primary ENP used did not
g contain nicotine
) n= 78 missing data on whether
Primary ENP contains primary ENP used contained
nicotine nicotine
n= 2,366
Excluded
—-»> n=1,307
n= 303 lost to follow up at W4
Analytic sample n= 1,004 missing data on W3
n= 1,059 predictors, W4 ENP quit attempt
status or sample & replicate weights

Figure 6 describes derivation of the analytic sample. Of the 28,148 adults who

completed the W3 survey, 3,385 (12.0%) used ENPs within the past 30 days. Of these
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3,385 adult ENP users, 2,366 (69.9%) reported that the primary ENP they used most of
the time containg nicotine. Of these 2,366 eligible participants, 303 (12.8%) were lost to
follow-up and 1,004 (42.4%) were missing data on W3 predictors, W4 outcomes, or
sample and replicate weight variables, resulting in an analytic sample of TJ0i59.
analysis was etermined to be nehuman subjects research by the George Washington
University IRB.

Measures

Outcome

W4 ENP Quit Attempt Status among W3 ENBelts A threelevel categorical variable
wasconstructed using responses to itemns from the W4 survelppast 30 day ENP as
(yes/no) and ENP quit attemplefined as trying to quit using ENPs completely within
the past 12 months (yes/no). Individuals were classified as making: (i) no attempt (NA) if
they used an ENP in the past@®@ysanddid not try to quit; (ii) an unsuccessful attempt
(UA) if they used an ENP in the past 30 dawpsitried to quit; and (iii) a successful
attempt (SA) if they did natse an ENP in the past 30 daysiello the PATH survey
branching logic, only cuent established ENP users were asked if they made a quit
attempt. Therefore, it was assumed that all participants who na losge ENPs made a
quit attempt

Covariates

SocicdemographicsWe includedage (1824, 2544 and 45+ years), sex (malemale),

race/ethnicity (nofHispanic White, other), and education (less than high school,

completed GED or high school, and completed some college or higher).
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Primary Predictors: SC¥ased factors

Coqgnitive Rctors

Interest in quitting ENPsvas assessed as a continuous variable using th©i@rarall,

on a scale from 1 to 10 where 1 is not at all interested and 10 is extremely interested,
how interested are you in quitting [ENP]?0

Self-efficacy to quit ENPswas assessed using the it@iwould find it really hard to

stop using/I find it really hard to not use [ENP{G=not at all true of me to 5=extremely
true of me). Responses were reverse coded so that higher scores indicated higher self
efficacy.

ENP outcome expectanciegere computedsathe mean of the following 3 items

assessed on a scale of 1 (not true of me at all) to 5 (extremely true @iusing ENPs
really helps me feel better if feeling downO, OUsing ENPs helps me think betterO, and Ol
would feel alone without my ENPsO.

Perceved risk of ENPswas assessed using the it€&How harmful do you think e
cigarettes or other electronic nicotine products are to healifi2@ot at all harmful to
5=extremely harmful).

Behavioral Rctors

Cigarette smoking statusaias operationalized as msmokers, longerm former

smokers, recent former smokers, and current smokers based on responses to the following
items: i) ever smoked a cigarette (yes/no); ii) number of cigarettes smoked in lifetime; iii)
now smoke cigarettes everyday or on some @@&no); iv) smoked a cigarette in the

past 12 months (yes/no); and iv) number of days since last smoked a cigarette. Non

smokers included never smokers or those who had smoked <100 cigarettes in their
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lifetime. Those who smokedLOO cigarettes in theiifétime were classified as: long

term former smokers if they quit smoking more than a year ago, recent former smokers if
they quit within the past year, and current smokers if they currently smoked every day or
on some days.

Other combustible tobacco pradwse:included current use of at least one of the

following products every day or on some déysaditional cigars, cigarillos, filtered

cigars, pipes, and hookah.

Other norcombustible tobacco product usecluded current use of snus or smokeless
tobacco every day or on some days.

Substance us@cluded past 3@aycannabisuse (yes/no), and alcohol use, which was
computed as a frequenguantity score (number of days alcohol was consumed within

the past 30 days x number of alcoholic drinks consumetghgs alcohol was consumed

in the past 30 days). Frequengyantity scores were categorized based on tertiles of the
distribution (tertile 1=0, tertile 2=12, and tertile 3= >12).

Sociocenvironmental Bctors

Perceived disapproval of ENPs: was assessed using th@itegeneral, do you think

most people disapprove of usingigarettes or other electronic nicotine products?O

Those responding definitely or probably yes were classified as perceiving that EN¢Ps we
disapproved and those responding definitely or probably not were classified as perceiving
that ENPs were not disapproved.

Household ENP rules: was a thilegel categorical variablgnot allowed, allowed in

some places or at some times, and allowed anywhere or anytime)

74



Exposure to ENP advertising: wdsfined as noticing ENPs being advertised in at least
one of several different locations in the past 30 days (yes/no).
Secondary Praictors: ENP Use @Garacteristics

ENP dependenc&hiswas operationalized using eigtems from theNISDM PDM

subscale (Pipeet al., 2004), which covered fodomains of nicotine dependence adapted
to ENP use. Two items assessed automaticity (I find myself reaching for [ENP] without
thinking about it, | frequently use/find myself almost using FEMithout thinking about
it), threeitems assessed craving (Idteently crave [ENP], My urges keep getting
stronger if I don't use/l still have urges to use [ENP], | can only go a couple of hours
without using/wanting to use [ENP]), twtems assessed loss of control ([ENP] control
me, My [ENP] use/my urge to use [ENBJout of control)and onetem assessed
tolerance (I usually want to use [ENP] right after | wake up). All items were assessed on
a 5point scale (1=not true of me at all to 5=extremely true of me). For domains with
multiple items, the mean score watcatated. The overall ENP dependence score was
computed as the average of the scores across the four domains {Enge 1

Other ENP use characteristics included number of days used in the past 30 days,
whether the device was rechargeable (yes/no), anthemthe primary ENP last used
was one of the following flavof®fruit, chocolate, alcoholic drinks, or n@fhcoholic
drinks, candy, desserts or other sweets (yes/no).

More details about measures used can be found in Appendix D.
Data Analysis

Bivariate associations between W3 predictors and W4 ENP quit attempt status

were examined using cBguare tests for categorical variables and simple linear
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regression for continuous variables. Bivariate associations between W3 predictors were
also examineé to assess correlations. The following variables were omitted from
regression models: number of days ENPs were used within the past 30 day (correlated
with ENP dependence; r=0.49, p<0.0001), and ENP outcome expectancies (correlated
with selfefficacy to qiit ENPs; r=0.63, p<0.0001). Characteristics of participants lost at
W4 follow-up were compared with those who completed W4 to assess differential
attrition. Participants lost at followp were more likely to be male, use other-non
combustible tobacco pducts, perceive ENPs to be more harmful, live in a household
where ENP use was not allowed, and not be exposed to ENP advertisit@s(&.05;
Appendix B:Supplementary Table)4

We ran two sets of unadjusted binary logistic regression mbdeésfirst
examined predictors of making a quit attempt (i.e. UA and SA vs NA), and the second
examined predictors of successful cessation among those making a quit attempt (i.e. SA
vs UA). Variables that were associated with either of the two outcomes atiié p
level were retained in the multivariable models. Multicollinearity between predictors in
the multivariable models was assessed by examining the variance inflation factor (vif). A
vif >10 was considered to be indicative of multicollinearity. Goodne8sadfthe final
models was assessed using the Stukel test (Allison, 2014; Stukel, 1988).

All analyses used sample weights to account for differential probabilities of
selection, nowresponse rates, and deficiencies in the sampling frame, and replicate
weights to correctly calculate standard errors of statistics. W4 all wave weights were used
for this analysis. All analyses used the balanced repeated replications method for variance

estimation with FayOs adjustment of 0.3. For descriptive analyses adgightentages
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and logit transformed confidence intervals were calculated. All analyses were conducted
using Stata version 14.
Results

Weighted characteristics of the overall sample are presented in Table 7; 48.9%
were ages 25-44 years, 57.5% were male, 79.3% were non-Hispanic White, and 58.1%
had completed at least some college. Regarding co-occurring behaviors, 54.2% currently
used cigarettes, 21.2% other combustibles, 7.7% other non-combustibles, and 26.0%
cannabis. In terms of ENP use characteristics, participants used ENPs on 21.1 of the past
30 days on average, 92.7% used a rechargeable device, and 67.0% reported using fruit,
beverage or candy/sweet flavors. Among W3 ENP users, 41.2% made a quit attempt at

W4. Among those who made a quit attempt, 83.8% successfully quit.
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Table 7. Weighted Descriptive Characteristics of W3 ENP Users by W4 ENP Quit Attempt &tus: PATH Study

Wave 4 ENP Quit Attempt Satus

No Attempt Unsuccessful
Total (NA) Attempt (UA) Successful Atempt
(unweighted (unweighted (unweighted (SA)
Variable n=1,059) n=600) n=88) (unweighted n=371)
Weighted % Weighted % Weighted % Weighted %
(95% CI) (95% CI) (95% CI) (95% CI) p-value
58.8 (55.2,62.3) 6.7(5.3,8.4) 34.5 (31.2, 38.0)
Covariates: Socicdemographics
Age, N (%)
1824 21.7 (19.0, 24.8)| 19.3 (15.9, 23.1)| 29.6 (20.8, 40.4) 24.4 (19.7, 29.8)
2544 48.9 (45.5, 52.4) 47.8 (42.5,53.3)] 41.7 (29.9, 54.5) 52.2 (46.2, 58.2)
45+ 29.3 (26.3, 32.6)] 32.9(28.3,37.8)] 28.7(19.9, 39.4) 23.4 (18.329.5) 0.044
Male, N (%) 57.5 (53.9, 61.0)] 58.6 (54.2, 62.9) 48.7 (38.8, 58.6) 57.3 (51.1, 63.4) 0.272
Non-Hispanic White, N (%) | 79.3 (76.4, 81.9)| 82.1 (78.0, 85.6)] 68.5 (56.8, 78.3) 76.7 (71.4,81.2) 0.029
Education, N (%)
Less than high school 9.8 (8.0, 11.9) 9.1 (7.0, 11.6) 13.8 (7.5, 24.1) 10.4 (7.4, 14.3)
High school/GED 32.1(29.0, 35.4)| 32.0(27.8, 36.6)| 30.1 (20.5, 42.0) 32.7 (27.2, 38.7)
Some college or more 58.1 (54.7, 61.3)| 58.9 (54.3, 63.4)] 56.1 (45.6, 66.0) 57.0 (51.3, 62.4) 0.765
Primary Predictors: SCT-based Factors
CognitiveFactors
Interest in quitting ENPs
(1-10), M (95% ClI) 3.9(3.7,4.0) 3.5(3.3,3.8) 5.3(4.5,6.1) 4.1 (3.7, 4.6) 0.0002
Self-efficacy to quit ENPs
(1-5), M (95% CI) 3.8(3.7,3.9 3.5(34,3.7) 3.7(3.3,4.0 4.4 (4.3,4.5) <0.0001
ENP outcome expectancieg
(1-5), M (95% CI) 1.8(1.7,1.9) 1.9 (1.8, 2.0) 2.0(1.7,2.2) 1.5(1.4, 1.6) <0.0001
Perceived risk of ENPs
(1-5), M (95% CI) 2.5(2.4,25) 2.4 (2.3,2.4) 25(2.2,2.7) 2.7 (2.6, 2.8) <0.0001
Behavioral Factors
Smoking status, N (%)
Non-smoker 10.1 (8.0, 12.6) | 10.1(7.3,13.9)| 22.0(13.4,33.9) 7.7 (5.8,10.2)
Long-term former 21.1(18.3, 24.3)| 28.7 (24.2,33.6)] 14.0 (6.2, 28.7) 9.6 (5.9, 15.4)
Recent former 145 (12.2,17.2)| 17.8 (14.7,21.4)| 13.2 (7.6, 22.0) 9.2 (6.4, 13.1)
Current 54.2 (50.9, 57.5)| 43.4(39.1,47.8) 50.8(39.7,61.8) 73.4 (67.6, 78.5) <0.0001
Other combustible use,
N (%) 21.2 (18.5, 24.2)| 18.4 (14.8, 22.6)| 29.1 (20.8, 39.1) 24.6 (19.8, 30.2) 0.036
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Other non-combustible use,

N (%) 7.7 (6.0,9.9) 5.5(3.6,8.4) 7.3(3.3,15.3) 11.5 (8.2, 16.0) 0.010
Cannabis use, N (%) 26.0 (23.0,29.1) | 22.9(19.7,26.4) | 33.6(22.8,46.5) 29.7 (24.4,35.7) 0.036
Alcohol consumption score,
N (%)

0 39.3(35.5,43.3) | 39.7(34.4,45.3) | 42.9(32.5,54.1) 37.9 (32.0,44.2)

1-12 31.8(28.7,35.1) | 31.0(26.7,35.7) | 30.5(23.4,38.8) 33.4(27.3,40.1)

>12 28.9 (25.8,32.1) | 29.3(25.0,33.9) | 26.5(17.7,37.8) 28.7 (23.5, 34.5) 0.905
Socigenvironmental Factors
Perceive ENPs disapproved,
N (%) 48.7 (45.3,52.1) | 48.9 (44.3,53.5) | 50.6(39.9,61.3) 48.0 (42.4, 53.7) 0.915
Household ENP rules,
N (%)

Not allowed 25.0(21.9,28.4) | 19.3(16.1,22.9) | 25.3(16.8,36.2) 34.8 (28.3,41.9)

Partially allowed 244 (21.3,27.8) | 22.9(19.6,26.5) | 35.2(25.6,46.1) 24.9 (19.6,31.1)

Fully allowed 50.6 (46.9,54.3) | 57.8(53.0,62.5) | 39.5(29.8,50.1) 40.3 (34.2,46.7) <0.0001
Exposed to ENP advertising,
N (%) 60.3 (56.3,64.2) | 60.5(55.4,65.3) | 73.8(63.3, 82.1) 57.5 (50.3, 64.3) 0.082
Secondary Predictors: ENP Use Characteristics
ENP dependence (1-5),
M (95% CI) 2.0 (2.0, 2.1) 2.3(2.2,2.4) 2.2(1.9,2.4) 1.6 (1.5,1.7) <0.0001
Days used ENPs in past 30
days, M (95% CI) 21.1(20.2,21.9) | 24.6 (23.7,25.4) | 20.3(17.5,23.2) 15.2 (13.7, 16.6) <0.0001
Use a rechargeable device,
N (%) 92.7(91.0,94.2) | 95.2(93.0,96.7) | 90.8(79.9, 96.1) 89.0 (84.8,92.1) 0.006
Use flavored ENP, N (%) 67.0 (63.0,70.8) | 68.0(62.9,72.7) | 64.8(52.1,75.8) 65.8 (59.4,71.7) 0.755




Bivariate Analyses

Table 8presentsesultsfrom simple logistic regression models of quit attempts
and successful quitting among those making a quit attefoptger adults (124 years)
had higher odds aittempting to quithan older adults (45+ years). Cognitive predictors
of quit attempts included higher interest in quitting ENPs, greatéefficacy to quit
ENPs and greateperceived risk of ENRPEBehaviorabredictors ofquit attempts were
current smoking (vs nesmder), nonsmoker (vs former smoker), and use ofnon
cigarette combustibles, namombustibles, and cannabis. Thaseaf in a household
where ENP use is not allowédd higher odds of trying tguitting. Of ENP use
characteristics examined, usenoinrechargeable devices athower ENP dependence
predictedquit attemp.

Among participants making a quit attempt, no sa@onographic characteristics
were significantly associated with successful cessation. Lower interest in quitting ENPs,
greater selefficacy to quit ENPs, being a current smoker (vs-simoker), not being

exposed to ENP advertising, and lower ENP dependaeckcted successful cessation
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Table 8 Unadjusted ard Adjusted Odds Ratios of W4 (A) ENP Quit Attempts and (B) Successful Quitting
among ENP Users who made a Quit Attempt: PATH Study

Model A: Quit A ttempt
(UA & SA vs NA)
(unweighted n=1,059)

Model B: Successful @it (SA vs UA)
(unweighted n=459)

2544
45+

0.81 (0.56, 1.16)
0.56 (0.38, 0.83)

0.83 (0.56, 1.23)
0.64 (0.40, 1.04)

1.52 (0.79, 2.93)
0.99(0.51, 1.93)

Variable Unadjusted Adjusted OR Unadjusted Adjusted OR
(95% CI) (95% CI) (95% CI) (95% CI)
Covariates: Sociedemographics
Age (vs 1824) Ref Ref Ref Ref

1.07 (0.50, 2.27)
0.76 (0.32, 1.78)

Male (vs £male)

0.90 (0.69, 1.16)

0.73 (0.54, 0.98)

1.42 (0.87, 2.30)

1.27 (0.68, 2.37)

Non-Hispanic White (vs ther)

0.67 (0.45, 0.98)

0.93 (0.58, 1.47)

1.51 (0.87, 2.62)

1.46 (0.71, 2.99)

Education (vs less tharig
school)

High school/GED

Some college or more

Ref
0.84 (0.52, 1.35)
0.80 (0.53, 1.21)

Ref
1.44 (0.57, 3.67)
1.35 (0.63, 2.92)

Primary Predictors: SCT-based

Factors

Cognitive factors

Interest in quittingENPs

1.10 (1.031.16)

1.13 (1.05, 1.21)

0.89 (0.82, 0.98)

0.90 (0.82, 0.99)

Self-efficacyto quit ENPs

1.60 (1.41, 1.81)

1.32 (1.06, 1.64)

1.61 (1.27, 2.04)

1.42 (1.03, 1.95)

Perceived risk of ENPs

1.46 (1.25, 1.71)

1.21 (1.01, 1.44)

1.33 (0.92, 1.92)

1.54 (0.98, 2.40)

Behavioral Factors

Smoking status (vsam-smoker)
Long-term former
Recent former
Current

Ref
0.36 (0.18, 0.74)
0.56 (0.32, 0.98)
1.62 (1.04, 2.53)

Ref
0.87 (0.41, 1.86)
1.12 (0.57, 2.19)
2.45 (1.48, 4.04)

Ref
1.95 (0.58, 6.56)
1.98 (0.75, 5.23)
4.11 (2.09, 8.05)

Ref
2.10 (0.46, 9.70)
2.76 (0.88, 8.69)
3.98 (1.69, 9.38)

Other combustible use

1.51 (1.05, 2.17)

1.00 (0.66, 1.50)

0.79 (0.46, 1.38)

0.59 (0.27, 1.28)

Other noacombustible use

2.09 (1.19, 3.66)

2.35 (1.254.43)

1.65 (0.60, 4.52)

2.35 (0.61, 9.09)

Cannabis use

1.47 (1.10, 1.96)

1.46 (1.01, 2.11)

0.83 (0.45, 1.57)

0.90 (0.42, 1.93)

Alcohol consumption scofls 0)
1-12
>12

Ref
1.09 (0.74, 1.60)
0.99 (0.68, 1.46)

Ref
1.24 (0.71, 2.15)
1.23(0.63, 2.37)

Socio-environmental Factors

Perceive ENPs disapproved

0.98 (0.74, 1.30)

0.90 (0.56, 1.46)

Household ENP rules
(vs ot allowed)
Partially allowed

Fully allowed

Ref
0.67 (0.47, 0.97)
0.40 (0.28, 0.58)

Ref
0.72 (0.48, 1.10)
0.57 (0.36, 0.90)

Ref
0.52 (0.25, 1.06)
0.74 (0.39, 1.42)

Ref
0.46 (0.22, 0.97)
0.82 (0.37, 1.83)
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Exposed to ENP advertising

| 0.98(0.71,1.36) | 1.20(0.81,1.77)] 0.48 (0.27, 0.85) | 0.48 (0.25, 0.93)

Secondary Redictors: ENP Use (aracteristics

ENP dependence

0.57(0.49, 0.67)

0.78 (0.60, 1.00)

0.56 (0.40, 0.77)

0.78 (0.53, 1.14)

Use a rechargeable device

0.42 (0.24, 0.73)

0.53 (0.32, 0.88)

0.81 (0.28, 2.33)

0.82 (0.30, 2.28)

Use flavored ENP

0.90 (0.65, 1.24)

1.04 (0.60, 1.83)

Notes. p<0.0001, p<0.01,” p<0.05, p<0.10; Blank cells indicate that variable not included in the multivariable model;

Reference group for Model ANA, reference group for Model B: UA




Multivariable Analyses

Results of multivariable analgs arealso presented in Bée 8 Femalegvs
males)had higher odds of making a quit atter@@R=1.37, 95% CI=1.02, 1.85). SE€T
based predictorsf attempting tayuit included the following cognitive factorsigher
interest in quitting ENPs (OR=1.13, 95% CI=1.05, 1.8i@aterself-efficacy to quit
ENPs (OR=1.32, 95% CI=1.06, 1.64), ayréatemperceived risk of ENPs (OR=1.21,
95% CI=1.01, 1.44%ehavioral factors: being a current smoker (vs-simoker;

OR=2.45, 95% CI=1.48, 4.04), using other ftmmbustibles (OR=2.35, 95% CI25,
4.43), anctannabis(OR=1.46, 95% CI=1.01, 2.11); and seeiavironmental factors:
living in a household not allowing ENP use (vs fully allowing; OR=1.75, 95% CI=1.11,
2.78). Additionally, use of nerechargeable devices was associated with increzduts

of making a quit attempt (OR=1.89, 95% CIl=1.14, 3.13).

Among those making a quit attempt, lower interest in quitting (OR=1.11, 95%
Cl=1.01, 1.22), greater sedfficacy to quit (OR=1.42, 95% CI=1.03, 1.95), being a
current smoker (vs nesmoker; OR3.98, 95% CI=1.69, 9.38), and not being exposed to
ENP advertising (OR=2.08, 95% CI=1.08, 4.00) remained significant predictors of
successful cessation.

All vifs for predictors in the multivariable model were below 10, indicating that
multicollinearity béween predictors was not an issue. The Stukel goodness of fartes
both models (quit attempt: p=0.23; successful quitgpxf.38) indicated thaixpected
outcomes predicted by the model did not depart significantly from the data that was

actually obseved
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Discussion

This analysis provides unique insight into the relevance of theoretically informed
variables at different stages of the vapoegsation procesgvhile identifying predictors
of ENP cessation can inform the development of vaping cessateraentions,
identifying predictors of quit attempts also has value. The smoking cessation literature
shows that most smokers make multiple quit attempts before successfully quitting
(Chaiton et al., 2016) and that past quit attempts are a predidtdue cessation
(Caponnetto & Polosa, 2008). Given low rates of quit attempts among ENP users,
encouraging more quit attempts, even if they are unsuccessful in theéeshgrtould
ultimately facilitate successful cessation.

Similar to the smoking cessat literature, we found that a wider range of
variables predicted quit attempts relative to cessation (Hyland et al., 2006; Jardin &
Carpenter, 2012; Vangeli et al., 2011). Of the cognitive factors we exarhighdy
interest in quitting ENPs, greatelfsefficacy to quit ENPs, and higher perceived risk of
ENPspredicted quit attemptand lower interest in quitting and greater sdffcacy to
quit ENPs predicted cessation. Among behavioral factors, use -@omobustibles and
cannabispredicted quit aémpts,andcurrent smokingredicted quit attempts and
cessation.

The positive association of safficacy with quit attempts and cessation suggests
thatsimilar to its role in smoking cessation (Elshatarat et al., 2016; Gwaltney et al., 2009;
Jardin &Carpenter, 2012; Vangeli et al., 2011), sdficacy appears to be an important
construct at all stages of the vaping cessation process. A recently conducted randomized

trial found that a text messaging intervention for vaping cessation that addressetl se
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key SCTFbased cognitive factors, including sefficacy, resulted in highermonth
vaping abstinence rates relative to control (Graham et al., 2021). Future analyses that
examine mechanisms of action of interventions that targee8eécy couldprovide
stronger evidence for the role of sefficacy in promoting ENP quit attempts and
cessation.

Interest in quitting ENPs was positively associated with quit attenvpish
aligns with findings of a recent study (Sobieski et al., 202&yvever, t wasnegatively
associated with cessatidn.the smoking cessation literatureptiwational factors, such
as interest in quitting and readiness to goibkinghave been consistently shown to
predictsmoking quit attempts (Kale et al., 2015; Vangeliletz®11). However,
associations observed between interest in quitingkingand smoking cessation have
been mixed across studies (de Gra@dae et al., 2021; Pi—eirh—pedDurin et al.,
2016; Vangeli et al., 2011). One possible explanation for the negative association
between interest in quitting ENPs and cessation is that those interested in quitting might
have higher ENP dependence. Some evidence shows that interest omiriteqtia is
more strongly associated with cessation for smokers with lower levels of nicotine
dependence (Lin et al., 2021). Future research could test whether nicotine dependence
moderates the relationship between interest in quitting ENPs and ENRotessat

With regard to behavioral factors, we found that cigarette smokers (i.e. dual users)
were more likely to try quitting and also successful quit using ENPs thasmokers.
Among dual users of ENPs and cigarettes, a common reason for quitting ENRS is
ENPs donOt provide as much satisfaction as cigarettes (Biener & Hargraves, 2015;

Weaver et al., 2020; Yong et al., 2019). Thus, dual users might quit using ENPs but
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continue to smoke cigarettes. Previous analyses of PATH data have shown that
approximately 50% of dual users follow this transition (Coleman et al., 2019; Osibogun
et al., 2020; Wei et al., 2020). This highlights the need to measure smoking status when
assessing ENP cessation, and ensure that dual users quit using both products. This finding
also indicates that more efforts are needed to encourage non-smoking ENP users to quit
vaping. Among non-smokers, a common reason for using ENPs is that they are perceived
to be less harmful than cigarettes (Berg, 2016). However, non-smokers who use ENPs
may be unaware of the independent risks of these products. Like Cuccia et al., (2021), we
found that greater perceived risk of ENPs predicted quit attempts. Messages conveying
the harms of vaping are also considered to be effective among young adult tobacco users
(Villanti et al., 2021). In light of these findings, emphasizing the independent risks of
vaping could be an effective approach for vaping cessation interventions.

As in previous studies examining correlates of smoking (Messer et al., 2015;
Popova & Ling, 2013) and vaping (Berg, Duan, et al., 2020) quit attempts, we found that
other tobacco product use, specifically non-combustibles, was associated with increased
odds of trying to quit. Cannabis use was also positively associated with making a quit
attempt. While this finding differs from that of Berg, Duan, et al. (2020), it is consistent
with the trend in decreased risk perception of cannabis as a result of increasing
legalization of cannabis across the U.S. (Sarvet et al., 2018; Wen et al., 2019), which
might lead ENP users to perceive cannabis as a less harmful alternative to nicotine.
Vaping cessation interventions will need to address co-occurring tobacco product and
cannabis use. Additional research is needed to determine if other non-combustibles and

cannabis are being used as vaping cessation aids, and understand the potential risks
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associated with variaupatterns of polobacco and cannahise. Continued monitoring

of risk perception of various tobacco products eathabis comparativeisk perceptions

of these products relative to ENPs, and how comparative risk perceptions impact product
switching is also needed.

A few socieenvironmental factors were associated with ENP quitting behaviors.
Similar to findings from the smoking cegsatliterature, household vaping restrictions
werepositivelyassociated with quit attempts (Mills et al., 2009), and being exposed to
ENP advertisements was negatively associated with cessation (Germain et al., 2010;
Siahpush et al., 2016). A qualitatiseidy with smokers found that exposure to tobacco
retail displays hindered cessation efforts by creating temptation and encouraging impulse
purchases (Hoek et al., 2010). Given aggressive marketing efforts by ENP companies
(Collins et al., 2019), more remeh is needed to examine how various aspects of ENP
advertising and marketing, such as packaging, and frequency and source of exposure
impact cessation success among ENP users who try to quit. This is also an important area
for policy consideration as poles could be designed, like those for cigarettes, that limit
exposure to ENP marketing.

A notable difference between our findings &nel smoking cessation literatuse
that we did not find ENP dependence to be significantly associated with eitbemeut
(Vangeli et al., 2011). A few reasons could account for this. Mean ENP dependence in
our sample was low (2.0; rangeb), which could be indicative of floor effects. Our
measure of ENP dependence may have lacked sufficient reliability. As the PAIW stu
does not measure dependence using a single scale but uses several items from different

scales, we operationalized ENP dependence using 8 items from the WISDM scale. In
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future studies, use of validated measures, such as the e-cigarette Wisconsin Inventory of
Smoking Dependence Motives or the Penn State Electronic Cigarette Dependence Index
(PS-ECDI) (Piper, Baker, Mermelsetein, et al., 2020) can provide more conclusive
evidence for the association between ENP dependence and quitting behaviors.
Additionally, we observed significant associations in the bivariate analysis but these
associations did not hold in the multivariable analysis. It is possible that other cognitive
and socio-environmental factors, such as self-efficacy, interest in quitting, and household
vaping rules could be stronger determinants of ENP quitting behaviors than dependence.

This study had several limitations. The PATH survey did not assess quit attempts
among those who no longer used ENPs and it was assumed that all these individuals
made a quit attempt. Assessing quit attempts among successful quitters could generate
more insight in to the process of quitting ENPs, such as whether quitting is intentional or
spontaneous. Due to the design of the PATH survey, not all survey items were assessed
for all individuals. Therefore, a sizable proportion of potentially eligible individuals were
excluded from the analysis due to missing data on predictors and/or outcomes, which
could bias the results. Due to the observational design, no causal conclusions can be
made regarding any of the observed associations. ENP cessation was not biochemically
verified, and we relied on self-reports. Strengths of the study include the prospective
design and the use of a large, nationally representative sample, which allows our findings
to be generalized to all adult ENP users in the U.S. CNP. Additionally, we examined a

wider range of theoretically informed predictors than previous studies.
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Conclusions

SCT-based interventions that target cognitive factors and promote vape-free
homes might be effective in catalyzing ENP quit attempts. Building self-efficacy can
facilitate quit attempts and cessation. The positive association between cigarette smoking,
use of other non-combustibles, and cannabis, and quitting behaviors merits further

research.
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Chapter 4: Predictors of Combined Electronic Nicotine Product and Cigarette
Smoking Abstinence, and Exclusive Electronic Nicotine Product Use: Analysis of
Waves 3 and 4 from the PATH Study
This chapter is a modified version of an article published in Nicotine and Tobacco
Research.

Abstract

Introduction: Co-occurring ENP and cigarette (dual) use and transitions between these
products are common, underscoring the importance of identifying intervention targets to
promote successful cigarette cessation in interventions focused on ENP cessation.
Methods: We analyzed data from W3 (2015-2016) and W4 (2016-2018) of the PATH
study. Guided by SCT, multinomial logistic regression was used to examine W3
cognitive, behavioral, and socio-environmental predictors of (i) W4 combined ENP and
cigarette abstinence, and (i1)) W4 exclusive ENP use, among W3 past 30-day ENP users
(unweighted n=1,060).

Results: Among W3 ENP users (dual users=54.1%), 8.1% neither used ENPs nor
cigarettes (none), 31.4% used ENPs only, 26.4% used cigarettes only, and 34.2% used
ENPs and cigarettes (both) at W4. W3 predictors of using none (vs other patterns of ENP
and cigarette use) included greater interest in quitting ENPs, higher self-efficacy to quit
ENPs, not using cigarettes but using non-combustibles, and living in a household
prohibiting ENP use. Predictors of using ENPs only (vs cigarettes only or both) included
lower self-efficacy to quit ENPs, lower perceived risk of ENPs, not using cigarettes, non-

combustibles, or cannabis, and not being exposed to ENP advertising (all p’s <0.05).
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Conclusions:Intervention approachgsomoting complete abstinence from ENPs and
cigarettesnight promote interest in quitting ENPs, sefficacy to quit ENPs, and vape

free homes, while harm reduction interventiomght address ENP risk perceptions.

Introduction

ENPsare the second mostmmonly used tobacco product amdané. adults
after cigarette¢Cornelius et al., 2020). This rise in ENP use has become a contentious
public health issue. The lostgrm health effects of ENPs are largely unknown (Gotts et
al., 2019; Walley et al., 201Zhang et al., 2018). A recent study detected over 2000
chemicals in vaping aerosols (Tehrani et al., 2021), of which most could not be identified,
six are potentially harmful and some are associated with combustion even though ENPs
are classified as necombustible tobacco products (Tehrani et al., 2021). Additionally,
these products contain high levels of nicotine, which can lead to nicotine addiction
(Hajek et al., 2020; Rapp et al., 2020), and some evidence indicates that they could lead
to smoking initation (Soneji et al., 2017Thus, ENPs have risks, particularly for those
who do not use other tobacco products, and there is a critical need to address ENP
cessation.

Defining and addressing ENP cessation is complicated by the high rate of
concurrentigarette use among ENP us@Resen & Steinberg, 2020) and transitions
between these products (Coleman et al., 2019; Osibogun et al., 2020; Wei et al., 2020).
Over 50% of ENP users are estimated to also smoke cigarettes (hereafter referred to as
dual useRosen & Steinberg, 202@revious aalyses oPATH datashow that
approximately 12% oW1 exclusive ENP users transitioned to exclusive cigarette

smoking aW2 (Coleman et al., 2019; Wei et al., 2020), and approximately 50% of W1
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dual users quit usingNEPs but became exclusive cigarette smokers at W2 (Coleman et
al., 2019; Wei et al., 2020) 9v3 (Osibogun et al., 2020). Thus, failing to consider
cigarette smoking status when defining ENP cessation can misleadingly indicate a
positive outcome (quitting ®Ps) when it may in fact represent a harmful state (smoking
cigarettes).

Despite their risks, ENPs are considered less harmful than cigarettes (Czekala et
al., 2019; St Helen et al., 2020) and may be effeatigipporting smoking cessation
(HartmannBoyce et al., 2020)Severalstudies have also found theatclusive ENP use is
associated with decreased harm relativéual use Bhatta & Glantz2020; Goniewicz et
al., 2018. Thus, while cessation of both these products is desirable from a harm
preventionstandpointmaintainingor switching to exclusive ENP use has benefit from a
harm reduction perspective. ldentifying factors associated with combined ENP and
cigarette abstinence, as well as exclusive ENP use relative to exclusive cigarette or dual
use among ENP users can infornemention approaches across the nicotine and tobacco
harm reduction continuum.

SCT (Bandura, 1986) is a widely used framework for informing health behavior
change interventions, including smoking cessation interventions, and therefore may have
utility in informing ENP cessation and harm reduction interventiBesg, Krishnan et
al., 2021) According to SCT, interventions must take into account cognitive (e.g., risk
perception, seléfficacy), behavioral (e.gcannabis and othéobacco product use), and
socicenvironmental (e.g. household vaping restrictions and social norms) factors.

In the context of smoking cessati@e|f-efficacy is the onlycognitive factorthat

hasconsistently predictesuccessful cessatio®yaltney et al., 2009 The limited
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research on ENP cessation indicates that perceived risk of ENPs is associated with
cessation behaviors and transitions. Among youth and young adults, greater perceived
ENP risk was associated with past year quit attempts (Cuccia et al., 2021), while an
analyss of adult dual users in the PATH study found that lower harm perceptions of
ENPs relative to cigarettes was associated with a greater likelihoodimfaining ENP

use (with or without cigarettesand a lower likelihood of switching to exclusive cigaret
use (Peroskie et al., 2019).

With regard to behavioral factors, use of alcolk@l{ler et al., 2009;ynch et al.,
2019), and cannab{¥ogel et al., 201Bare associated with decreased likelihood of
quitting smoking, while evidence regarding the asg®mn between nenombustible
tobacco use and smoking cessation is mixed (Popova & Ling, 2013; Rodu & Phillips,
2008). Among ENP users (exclusive and dual users), being @dongormer smoker
(vs never smoker), using ENPs daily, and using other cdrblaiproductss associated
with a lower likelihood of discontinuing ENPs (Coleman et al., 2019). Additionally,
among dual users, younger age of first exposure to tobacco products and greater nicotine
dependencareassociated with a reduced risk of gagtboth products (vs remaining
dual users) (Osibogun et al., 2020).

In terms of socigenvironmental factors, exposure to tobacco marketing, including
ENP marketing, is negatively associated with smoking cesqaiantey et al., 2019;
Siahpush et al., 2B), and smokdree homes are positively associated with smoking
cessatior{Mills et al., 2009) Although the association betweleousehold ENP
restrictions andENP cessation has not been directly examimediseshold vaping

restrictions are associated wdecreased likelihooas well afrequency oENP use
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(Azagba et al., 2020). Similarly, the association between social norms and vaping
cessations uncleay although a qualitative study found that social benefits of vaping were
perceived as a barrier tpitting for young adults (Sanchez et al., 2021).

Given high rates of dual use and transitions between ENP and cigarette use
among ENP users, and the limited research on ENP cessation, further research,
particularly longitudinal studies, are needed to idigpredictors of combined ENP and
cigarette smoking abstinence that might indicate promising targets for ENP cessation
interventions. Additionally, given the elevated harm associated with dual use, identifying
factors associated with exclusive ENP udatiee to exclusive cigarette or dual use can
inform harm reduction interventions for dual users. To date, only a handful of studies
have examined factors associated with ENP cessation (Coleman et al., 2019; Pepper et
al., 2014; Osibogun et al., 2020) avfdhese, only one examined factors associated with
transitions to various ENP and cigarette use patterns (Osibogun et al., 2020). These
studies have also largely focused on s@@mographics and tobacco use characteristics
and there is a paucity of thedically informed research regarding the association
between cognitive and soeamvironmental characteristics, and ENP cessation or harm
reduction.

The current analysis builds on previous analyses of PATH data (Coleman et al.,
2019; Osibogun et al., 20pa&nd leverages data from more recent waves (W3 and W4) to
identify W3 SCFbased predictors of (i) combined ENP and cigarette smoking abstinence
(nong relative to use oENPs only, cigarettes onlgr both products at W4; and (ii) use
of ENPs onlyrelative tocigarettes onlyr bothat W4 among W3 ENP usel&e

examined the following SGlbased factors as primary predictors: cognitive factors
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(interest in quitting ENPs, se#ffficacy to quit ENPs, ENP outcome expectancies, and
perceived risk of ENPspehavioral factors (cigarette smoking status] use of other
combustibls, noncombustiblg, cannabis, and alcohgland socieenvironmental factors
(perceived disapproval of ENPs, household vaping rules and exposure to ENP
advertising. We also examied ENP use characteristid&NP dependence, device type,
frequency of use, and flaygias secondary predictors, and included sdeimographics
(age, sex, race/ethnicity, and education [eaelcovariates.

We hypothesized that: those with greater intarequitting ENPs, seléfficacy to
quit ENPs, perceived risk of ENPs, and negative ENP outcome expectancies would be
more likely to useione or cigarettes only (vS ENPs only or both); current smokers (vs
nonsmokers) would be more likely to uagarettes only or both (VS none or ENPs only),
other combustible or necombustible tobacco users would be more like toFRs
only, cigarettes only or both (vsnone), and alcohol andannabisusers would be more
likely to usecigarettes only or both (VS none), household ENP restrictions would be
associated with a greater likelihood of usiage or cigarettes only (vS ENPs only or
both), and exposure to ENP advertisements would be associated with greater likelihood
of USINgENPs only, cigarettes only, or both (VS none).

Methods
Data Source

PATH is a nationally representative longitudinal cohort study of tobacco use in
the U.S.CNP. Details of the design and methodology of the PATH study have been
published elsewhere (Hyland et al., 2017). Briefly, the PATH sunged a foustage

stratified area probability sampling design whereby smaller geographic segments were
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sampled from a stratified sample of geographical PSUs. Within each geographic segment,
residential addresses were sampled and adults were included from households
corresponding to the selected residential addresses. Sampling rates varied by age, race
and tobacco-use status. W3 data was collected between October 2015-2016 and W4 data
was collected between December 2016-Jaunuary 2018.

Sample

To be included in the analytic sample, individuals had to (i) use an ENP, at least
once, in the past 30 days at W3; (ii) use ENPs that usually contain nicotine at W3; and
(ii1) have complete data on W3 predictors, W4 ENP and cigarette smoking status, and
sample and replicate weights.

Of the 28,148 adults who completed the W3 survey, 3,385 (12.0%) used an ENP
in the past 30 days. Of these 3,385 ENP users, 2,366 (69.9%) usually used ENPs to
consume nicotine. Among these individuals, 303 (12.8%) were lost to follow-up and
1,003 (42.4%) were missing data on W3 predictors, W4 outcomes, or sample and

replicate weights, resulting in a sample size of 1,060 (Figure 7).

Figure 7. Derivation of Aim 3 Sample

Completed W3 survey Excluded

n= 28,148 n= 24,763
n=24,731 did not use ENPs in the
—> past 30 days

A n=32 missing data on past 30 day
Used ENPs in the past ENP use
30 days
n= 3,385
Excluded
n=1,019

n= 941 primary ENP used did not
contain nicotine

Primary ENP contains n= 78 missing data on whether

nicotine ; ;
- primary ENP used contained
n= 2,366 nicotine
Excluded

n=1,306
n= 303 lost to follow up at W4
n= 1,003 missing data on W3
predictors, W4 outcome, or sample
& replicate weights

Analytic sample
n= 1,060
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In analyses examining factors associated withtog$sllow-up at W4 thoselost
to follow-up were more likely to be male, use otherssombustible tobacco products,
perceive ENPs to be more harmful, live in a household where ENP use was not allowed,
and not be exposed to ENP advertising (all pOs <U@i5)analysis was detemed to
be nonhuman subjects research by the George Washington University IRB.
Measures

Outcome

W4 Combined ENP and Cigarette Use Status among W3 EéRsthe dependent

variable was categorized ase ofnone (i.e. abstinent from both ENPs and cigarettes),
ENPs only, cigarettes only, andboth based on past 3fay use of both products.
Covariates

SociodemographicsWVe included age (124, 2544 and 45+ years), sex (male, female),

race/ethnicity (nofHispanic White, other), and education (less than high school,
completed GED or high school and completed some college or higher).
Primary Predictors: SCT-based Factors

Cognitive Rctors

Interest in quitting ENPs: was assessed as a continuous variable using théitend/,

on a scale from 1 to 10 where 1 is not at all interested and 10 is extremely interested,

how interested are you in quitting [ENP]?”

Selt-efficacy to quit ENPs: wassaessed using the iteMiwould find it really hard to

stop using/l find it really hard to not use [ENP]” (1=not at all true of me to 5=extremely
true of me). Responses were reverse coded so that higher scores indicated higher self

efficacy.
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ENP outcome gpectancies: were computed as the mean of the following 3 items
assessed on a scale of 1 (not true of me at all) to 5 (extremely true ofUweY¥ ENPs
really helps me feel better if feeling down”, “Using ENPs helps me think better”, and “I
would feel alone without my ENPs”.

Perceived risk of ENPs: was assessed using the“ikém harmful do you think e-
cigarettes or other electronic nicotine products are to health?” (1=not at all harmful to
5=extremely harmful).

Behavioral Bctors

Cigarette smoking statusas operationalized as nsmokers, longerm former

smokers, recent former smokers, and current smokers based on responses to the following
items: i) ever smoked a cigarette (yes/no); ii) number of cigarettes smoked in lifetime; iii)
now smoke cigaretseeveryday or on some days (yes/no); iv) smoked a cigarette in the
past 12 months (yes/no); and iv) number of days since last smoked a cigarette. Non
smokers included never smokers or those who had smoked <100 cigarettes in their
lifetime. Those who smokeell00 cigarettes in their lifetime were classified as: fong

term former smokers if they quit smoking more than a year ago, recent former smokers if
they quit within the past year, and current smokers if they currently smoked every day or
on some days.

Othe combustible tobacco product use: included current use of at least one of the
following products every day or on some dé&ysaditional cigars, cigarillos, filtered

cigars, pipes, and hookah.

Other nonrcombustible tobacco product use: included curreamtofisnus or smokeless

tobacco every day or on some days.
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Substance use: included past 30-day cannabis use (yes/no), and alcohol use, which was
computed as a frequency-quantity score (number of days alcohol was consumed within
the past 30 days x number of alcoholic drinks consumed on days alcohol was consumed
in the past 30 days). Frequency-quantity scores were categorized based on tertiles of the
distribution (tertile 1=0, tertile 2=1-12, and tertile 3=>12).

Socio-environmental Factors

Perceived disapproval of ENPs: was assessed using the item Oln general, do you think
most people disapprove of usingigarettes or other electronic nicotine products?0
Those responding definitely or probably yes were classified as perceiving that ENPs were
disapproved and those responding definitely or probably not classified as perceiving that
ENPs were not disapproved.

Household ENP rules: was a three-level categorical variable (not allowed, allowed in
some places or at some times, and allowed anywhere or anytime)

Exposure to ENP advertising: was defined as noticing ENPs being advertised in at least
one of several different locations in the past 30 days (yes/no).

Secondary Iedictors: ENP Use Garacteristics

ENP dependence. This was operationalized using eight items from the WISDM PDM

subscale (Piper et al., 2004), which covered four domains of nicotine dependence adapted
to ENP use. Two items assessed automaticity (I find myself reaching for [ENP] without
thinking about it, I frequently use/find myself almost using [ENP] without thinking about
it), three items assessed craving (I frequently crave [ENP], My urges keep getting
stronger if I don't use/I still have urges to use [ENP], I can only go a couple of hours

without using/wanting to use [ENP]), two items assessed loss of control ([ENP] control
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me, My [ENP] use/my urge to use [ENP] is out of control), and one item assessed
tolerance (I usually want to use [ENP] right after I wake up). All items were assessed on
a scale of 1 (not true of me at all) to 5 (extremely true of me). For domains with multiple
items, the mean score was calculated. The overall ENP dependence score was computed
as the average of scores across the four domains (range 1-5).

Other ENP use characteristics included number of days used in the past 30 days,
whether the device was rechargeable (yes/no), and whether the primary ENP last used
was one of the following flavors — fruit, chocolate, alcoholic drinks, or non-alcoholic
drinks, candy, desserts or other sweets (yes/no).

More details about measures used are provided in Appendix D.

Data Analysis

We examined descriptive characteristics of the sample by W4 dual product use
status using chi-square tests for categorical variables and simple linear regression for
continuous variables. We also examined bivariate associations among independent
variables to assess correlations between predictors. The following variables were omitted
from regression models: number of days ENPs were used within the past 30 days
(correlated with ENP dependence; r=0.49, p<0.0001) and outcome expectancies
(correlated with self-efficacy; r=-0.63, p<0.0001).

We ran unadjusted multinomial regression models to obtain relative risk ratios for
the following comparisons: (i) ENPs onlws none cigarettes onlyws none, and bothvs
none and (ii) cigarettes onlys ENPs onlyand bothvs ENPs onlyWe then ran
multivariable multinomial logistic regression models to estimate adjusted relative risk

ratios for the above comparisons.
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Due to the complex survey design, aisek of PATH data require the use of
sample weights to account for differential probabilities of selectiony@sponse rates,
and deficiencies in the sampling frame, and replicate weights to correctly calculate
standard errors of statistics. We used Wavave weights. All analyses used the
balanced repeated replications method for variance estimation with FayOs adjustment of
0.3. For descriptive analyses, weighted percentages and logit transformed confidence
intervals were calculated. Ayalue of 0.05vas considered statistically significant. No
adjustments were made for multiple comparisons. All analyses wedeaced using
Stata version 14.

Results

W3 characteristics of theample are presented in Tabléfie samplavas 49.0%
between 2514 years, 57.6% male, 79.4% rdispanic White, and 58.1% had completed
some college or more. G@uccurring substance use was as follows: 54.1% were current
cigarette smokers, 21.2% used other combustibles, 7.7% used otieamioustiles,

25.9% usedannabis and 39.4% had an alcohol consumption score of 0.
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Table 9. Weighted Sample Characteristics of W3 ENP Users by W4 Combined ENP and Cigarette Use Status: PATH Study

W4 combined ENP and cigarette use status

Total None ENPs only Cigarettes only Both
(unweighted (unweighted (unweighted (unweighted (unweighted
Variable n=1,060) n=88) n=303) n=288) n=386)
Weighted % Weighted % Weighted % Weighted % Weighted %
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) p-value
8.1(6.1,10.7) | 31.4(28.0,34.9) 26.4 (23.3,29.7)| 34.2(31.0,37.5)

Covariates: Socio-demographics
Age, N (%)

18-24 years 21.7 (18.9, 24.7)| 23.2 (14.9, 34.2)| 18.3 (14.0, 23.6)| 24.7 (19.5, 30.9)| 22.1 (18.4, 26.3)

2544 years 49.0 (45.6, 52.5)| 49.1 (36.8, 61.6)| 45.2 (37.6,52.9)| 53.1 (45.9, 60.2)| 49.4 (43.1, 55.7)

>45 years 29.3 (26.2, 32.5)| 27.7 (15.344.7) | 36.5(30.1,43.5) 22.1 (17.3,27.9)] 28.5(23.4,34.2) 0.106
Male, N (%) 57.6 (54.0, 61.1)| 55.6 (40.7, 69.6)| 62.6 (56.1, 68.7)] 57.9 (51.264.3) | 53.3 (48.2,58.3) 0.211
Non-Hispanic White 79.4 (76.5, 82.0)| 70.7 (58.0, 80.9)| 83.0(77.8,87.1) 78.5(72.3,83.6)] 78.8(73.4,83.3) 0.183
Education

Less than high school 9.8 (8.0, 11.9) 7.9 (3.1, 18.7) 79(5.1,12.0) | 11.1(7.9,15.4)| 11.0(7.6, 15.6)

High school/GED 32.1 (28.9, 35.4)| 32.6 (20.8, 47.1)| 29.5 (23.0, 37.0)| 32.7 (27.0, 38.9)| 33.8 (28.0, 40.1)

Some college or more 58.1(54.7, 61.5)| 59.5 (45.9, 71.8)| 62.6 (54.8, 69.7)| 56.2 (50.0, 62.1)] 55.2 (49.0, 61.3)] 0.715
Primary Predictors: SCT-based Factors
Cognitive Factors
Interest in quitting ENPs
(1-10), M (95% CI) 3.9(3.7,4.0) 4.6 (3.8,5.4) 3.8(3.4,4.2) 4.0 (3.5,4.5) 3.6 (3.4,3.9) 0.186
Self-efficacy to quit ENPs
(1-5), M (95% CI) 3.8(3.7,3.9) 4.4 (4.2,4.6) 3.3(3.03.5) 4.4 (4.3, 4.6) 3.8 (3.7,4.0) | <0.0001
ENP outcome expectancies
(1-5), M (95% CI) 1.8(1.7,1.9) 1.7 (15, 2.0) 2.0(1.8,2.1) 1.5(1.3,1.6) 1.9 (1.7, 2.0) | <0.0001
Perceived risk of ENPs {3),

M (95% CI) 25(2.4,2.5) 2.6 (2.3, 2.8) 2.3(2.2,2.4) 2.8(2.6,2.9) 2.4 (2.3,2.5) | <0.0001
Behavioral Factors
Smoking status, N (%)

Non-smoker 10.1 (8.0, 12.6) | 21.2 (13.1,32.4)| 12.8(8.9,18.0) 3.6 (2.2, 6.0) 9.9 (7.1, 13.7)

Long-term former 21.1(18.2,24.3) 37.6 (23.3,54.3)| 48.5(41.1,55.9) 1.1 (0.4, 2.9) 7.5 (5.1, 10.9)

Recent former 14.7 (12.3,17.5)| 19.5(10.333.7) | 24.8 (19.7,30.8) 6.1(3.6,10.1) | 10.9 (8.0, 14.7)

Current 54.1 (50.8,57.4)| 21.7 (13.1, 33.9)| 13.9(10.7,17.9) | 89.3 (84.5,92.7)| 71.6 (66.5, 76.2) <0.0001
Other combustibleise, N (%)| 21.2 (18.5, 24.2)] 20.2 (12.2,31.7)] 12.5(8.5, 18.0) | 26.0 (20.7, 32.0)] 25.7 (21.1, 30.9)] <0.001
Other noacombustible use,

N (%) 7.7 (6.0,9.9) 12.6 (6.5,23.0)| 4.6(3.4,8.9 11.2 (7.2,17.0) 6.6 (4.4, 9.8) 0.035
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Cannabis use, N (%)

25.9(22.9, 29.1)

24.6 (14.3, 38.9)

18.3 (14.0, 23.5)

31.3 (25.4, 37.8)

29.1 (24.0, 34.7)

0.012

Alcohol consumption score,
N (%)

0

1-12

>12

39.4 (35.6, 43.4)
31.7 (28.6, 35.0)
28.8 (25.8, 32.1)

36.1 (23.8, 50.6)
41.7 (28.7, 56.1)
22.1 (13.0, 35.2)

40.2(33.2, 47.6)
29.2 (23.3, 36.0)
30.6 (24.5, 37.5)

38.5 (31.9, 45.5)
30.8 (24.4, 38.1)
30.7 (25.1, 37.0)

40.3 (34.1, 46.8)
32.4 (27.1, 38.2)
27.3 (22.3, 33.0)

0.664

Socioenvironmental Factors

Perceive ENPs disapproved
N (%)

48.6 (45.2, 52.0)

38.9(27.2, 52.1)

46.9 (41.0, 52.9)

50.8 (44.7, 56.9)

50.8 (45.0, 56.5)

0.271

Household ENP rules, N (%
Not allowed
Partially allowed
Fully allowed

25.2 (22.0, 28.6)
24.4 (21.3, 27.7)
50.5 (46.7, 54.2)

47.4 (34.2, 61.1)
17.9 (9.4, 31.3)
34.7 (22.8, 48.7)

17.7(13.6, 22.6)
25.3 (20.5, 30.8)
57.1 (50.2, 63.6)

30.9 (24.0, 38.8)
27.1(21.4, 33.6)
42.0 (35.2, 49.2)

30.9 (24.0, 38.8)
27.1(21.4, 33.6)
42.0 (35.2, 49.2)

<0.0001

Exposed to ENP advertising
N (%)

60.2 (56.2, 64.0)

44.7 (30.6, 59.7)

61.1 (54.5, 67.4)

61.4 (54.0, 68.2)

62.1 (55.9, 67.9)

0.120

Secondary Predictors: ENP Use Baracteristics

ENP dependence ),
M (95% CI)

2.0 (2.0, 2.1)

1.8 (1.6, 2.0)

2.4 (2.3, 2.6)

1.6 (1.5, 1.7)

2.1(2.0,2.2)

<0.0001

Days used ENPs in past 30
days, M (95% CI)

21.1(20.2, 21.9)

17.2 (14.2, 20.3)

26.9 (26.0, 27.9)

14.6 (13.1, 16.1)

21.6 (20.3, 22.9)

<0.0001

Use a rechargeable device,
N (%)

92.8 (91.0, 94.2)

88.3 (78.3, 94.0)

94.0 (90.4, 96.3)

89.2 (84.3, 92.7)

95.4 (93.1, 97.0)

0.014

Use flavored ENP, N (%)

66.9(62.8, 70.7)

70.7 (55.7, 82.2)

66.2 (59.6, 72.3)

64.3 (57.2, 70.8)

68.6 (62.7, 73.9)

0.711




Figure 8 shows thdistributionof product use status at W&.1% (95% CI=6.1,
10.7) usedone 31.4% (95% Cl=28.0, 34.9) usedlPsonly, 26.4% (95% CI=23.3,
29.7) usectigarettes onlyand 34.2% (95% CI=31.0, 37.5) udsuth The distribution of
W4 product use patterns was significantly different between W3 ENP only users and dual
users (*=436.26, p<0.0001). The majority of W3 ENFyonsers use@&NPs onlyat W4
(58.9%). Among W3 dual users, roughly similar proportions bstd(45.2%) or
transitioned taigarette onlyuse (43.5%), and only 8.1% transitioned to exclusive ENP
use. A larger proportion of W3 ENP only users usedeatW4 compared to W3 dual
users (13.8% vs 3.2%).

Figure 8. Weighted Distribution of W4 Product Use for the Total Sample and by
‘W3 Dual Use Status among W3 ENP Users: PATH Study

100% B Both
B Cigs only
B ENP only
B None
75%
==
=z
=
-é 50%
£
=0
8
é
®
25%
¥=436.26, p<0.0001
0%

Total W3 ENP only users W3 dual users

Table 9also provides bivariate associations between W3 characteristics and W4
combined ENP and cigarette use status (ange, ENPs only, cigarettes only, both
among W3 ENP user®/3 current smokers and other combustible users were more likely

to usecigareties onlyor bothat W4 (pOs<0.001). W3 noambustible users were more
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likely to use nomne or cigarettes only at W4 (p=0.035). W3 ENP dependence and days
used ENPs in the past 30 days were highest among W4 ENP only users (p’s<0.0001).
Self-efficacy to quit using ENPs was highest among those who used none or cigarettes
only at W4 (p<0.0001), ENP outcome expectancies were highest among W4 ENP only
users (p<0.0001), and perceived risk of ENPs was highest among W4 cigarette only users
(p<0.0001). Those living in a household not allowing ENP use at W3 were more likely to
use none at W4 (p<0.0001).
Predictors of Combined Abstinence

In adjusted multivariable analyses of W4 combined ENP and cigarette smoking
abstinence (Table 10), compared to those using none, those using ENPs only had lower
self-efficacy to quit ENPs (aRRR=0.48), were less likely to use other non-combustible
tobacco products (aRRR=0.21), and were more likely to live in a household partially
(aRRR=2.63) or fully (aRRR=2.56) allowing ENP use (vs not allowing) at W3 (all
p’s<0.05). Compared to those using none, those using cigarettes only were more likely to
be current smokers (vs non-smokers; aRRR=35.82) and be exposed to ENP advertising
(aRRR=2.53) at W3 (p’s<0.05). Compared to those using none, those using both were
less likely to be interested in quitting ENPs (aRRR=0.89), be long-term former smokers
(vs non-smokers; aRRR=0.23), or use other non-combustibles (aRRR=0.34). However
those using both were more likely to be current smokers (vs non-smokers; aRRR=6.30),
live in a home were ENP use was fully allowed (vs not allowed; aRRR=2.48), and use a

rechargeable device (aRRR=3.38) at W3.
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Table 10. Adjusted Multinomial Logistic Regression Results of W4 Combined ENP and Cigarette Smoking Abstinence
for W3 ENP Users: PATH Study

Variable ENPs only vs None Cigarettes only vs None Both vs None
aRRR aRRR aRRR
(95% CI) p-value (95% CI) p-value (95% CI) p-value

Covariates: Socio-demographics

Age (vs 18-24 years) Ref Ref Ref

25-44 years 0.80 (0.35, 1.82) 0.589 0.63 (0.26, 1.58) 0.325 0.87 (0.39, 1.93) 0.729

>45 years 1.05 (0.32, 3.40) 0.937 0.51(0.14,1.91) 0.315 0.98 (0.25, 3.82) 0.980
Male (vs. female) 2.05(0.88,4.77) 0.093 1.17 (0.47,2.91) 0.738 1.09 (0.48, 2.48) 0.832
Non-Hispanic White
(vs other) 1.16 (0.52,2.58) 0.710 1.11 (0.48, 2.57) 0.810 0.98 (0.45, 2.14) 0.951
Education
(vs less than high school) Ref Ref Ref

High School/GED 0.71 (0.21, 2.39) 0.574 0.47 (0.14, 1.56) 0.213 0.52 (0.15, 1.86) 0.311

Some college or more 0.74 (0.24, 2.30) 0.603 0.39 (0.12,1.21) 0.102 0.39 (0.13, 1.21) 0.103
Primary Predictors: SCT-based Factors
Cognitive Factors
Interest in quitting ENPs 0.89 (0.78,1.01) 0.070 0.93 (0.83, 1.04) 0.217 0.89 (0.79, 0.99) 0.036
Self-efficacy to quit ENPs 0.48 (0.29, 0.78) 0.003 0.75 (0.43, 1.32) 0.320 0.63 (0.38, 1.05) 0.078
Perceived risk of ENPs 0.80 (0.52, 1.23) 0.306 1.16 (0.78, 1.71) 0.456 0.83 (0.55,1.27) 0.398
Behavioral Factors
Smoking status
(vs non-smoker) Ref Ref Ref

Long-term former 0.89 (0.29, 2.76) 0.836 0.23 (0.04, 1.47) 0.119 0.23 (0.07, 0.77) 0.017

Recent former 1.12 (0.37, 3.36) 0.835 2.96 (0.75, 11.71) 0.120 0.93 (0.29, 3.00) 0.898

Current 0.75(0.28, 2.02) 0.563 | 35.82 (11.00,116.64) | <0.0001 | 6.30 (2.45,16.21) | <0.0001
Other combustible use 0.77 (0.35, 1.72) 0.527 0.85 (0.39, 1.85) 0.672 1.06 (0.46, 2.46) 0.892
Other non-combustible use 0.21 (0.06, 0.68) 0.011 0.68 (0.21, 2.19) 0.509 0.34 (0.12, 0.97) 0.044
Cannabis use 0.58 (0.22, 1.49) 0.254 1.21 (0.52,2.78) 0.654 1.01(0.43,2.39) 0.975
Alcohol consumption score
(vs 0) Ref Ref Ref

1-12 0.76 (0.32, 1.78) 0.521 0.66 (0.30, 1.43) 0.284 0.68 (0.31, 1.51) 0.342

>12 1.21(0.47,3.14) 0.694 1.44 (0.54, 3.88) 0.462 1.25 (0.46, 3.35) 0.658
Socigenvironmental Factors
Perceive ENPs disapproved | 1.47 (0.80,2.70) | 0215 | 1.45(0.74,2.83) | 0271 | 1.84(0.96,3.52) | 0.066
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Household ENP rules

(vs not allowed) Ref Ref Ref
Partially allowed 2.63(1.05, 6.55)| 0.038 1.79 (0.71, 4.53) 0.215 | 2.28 (0.93,5.59)| 0.071
Fully allowed 2.56 (1.09, 6.05)] 0.032 1.77 (0.69, 4.51) 0.230 | 2.48(1.08,5.68)| 0.032
Exposed to ENP advertising 1.44 (0.63, 3.30)] 0.389 2.53 (1.10, 5.87) 0.030 | 2.09(0.88, 4.96)| 0.093
Secondary Predictors: ENP Use Baracteristics
ENP dependence 0.93(0.51, 1.67)] 0.795 0.65 (0.33, 1.28) 0.208 | 1.01(0.55,1.87)| 0.970
Use a rechargeable device| 1.46 (0.53, 4.04)] 0.461 1.69 (0.53, 5.34) 0.372 3.38 (1.16, 9.83)| 0.026
Use flavored ENP 0.97(0.38, 2.50)| 0.954 0.93 (0.34, 2.51) 0.882 | 0.96 (0.34,2.70)| 0.943




Predictors of Exclusive ENP Be

Table 11shows comparisons ¥4 exclusive ENP use relative to exclusive
cigarette and dual use. Compared to those UsENigs onlythose usingigarettes only
were more likely to have higher s@fficacy to quit using ENPs (aRRR=1.57), greater
perceived risk of ENPs (aRRR=1.45), be aent smoker (vs neemoker;
aRRR=47.94), use nesombustibles (aRRR=3.29), usannabifaRRR=2.09), and be
exposed to ENP advertising (aRRR=1.76). Additionally, those wusiagettes onlyvs
ENPs only were less likely to be male (aRRR=0.57) and beeddent on ENPs
(aRRR=0.70). Relative tBNP onlyusers, those usirfgpthwere more likely to have
higher selfefficacy to quit using ENPs (aRRR=1.32) and be current smokers (vs non
smokers; aRRR=8.42), and less likely to be g former smokers (vs neamokers;

aRRR=0.26) and male (aRRR=0.53).
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Table 11 Adjusted Multinomial Logistic Regression Results Examining W3 Predictors of W4
Exclusive ENP Wseamong W3 ENP Users: PATH 8udy

Variable Cigarettes only vs ENPs only Both vs ENPs only
aRRR aRRR
(95% CI) p-value (95% CI) p-value
Covariates: Sociedemographics
Age (vs 1824 years) Ref Ref
25-44 years 0.79 (0.39, 1.62) 0.523 | 1.09(0.57,2.06)| 0.795
>45 years 0.49 (0.19, 1.24) 0.130 | 0.94(0.42,2.09)| 0.874
Male (vs. female) 0.57 (0.33, 0.99) 0.046 0.53 (0.34,0.82)| 0.005
Non-Hispanic White
(vs other) 0.95 (0.48, 1.88) 0.890 | 0.84(0.51,1.39)| 0.494
Educdion
(vs less than high school) Ref Ref
High School/GED 0.66 (0.31, 1.40) 0.5274 | 0.73(0.311.75) 0.482
Some college or more 0.52 (0.25, 1.07) 0.075 0.53 (0.23,1.21)| 0.129
Primary Predictors: SCT-based Factors
Cognitive Factors
Interest in quitting ENPs 1.05 (0.95, 1.16) 0.367 1.00 (0.52, 1.55)| 0.702
Self-efficacy to quit ENPs 1.57 (1.17, 2.12) 0.003 1.32 (1.05, 1.66)| 0.017
Perceived risk of ENPs 1.45 (1.10, 1.92) 0.010 1.05 (0.80, 1.36) | 0.738
Behavioral Factors
Smoking status
(vs nonsmoker) Ref Ref
Long-term former 0.26 (0.05, 1.33) 0.836 0.26 (0.11, 0.63) | 0.003
Recent former 2.64 (1.00, 6.99) 0.051 0.83(0.37,1.85)| 0.639
Current 47.94 (20.37, 112.84| <0.0001| 8.42 (4.13, 17.19) <0.0001
Other combustibles 1.09 (0.56, 2.14) 0.794 1.37 (0.75,2.49)| 0.301
Other noacombustibles 3.29 (1.01, 10.75) | 0.049 1.65 (0.63, 4.30) | 0.301
Cannabis use 2.09 (1.15, 3.81) 0.017 1.75 (1.00, 3.08) | 0.051
Alcohol consumption score
(vs 0) Ref
1-12 0.87 (0.48, 1.57) 0.633 | 0.90(0.52,1.55)| 0.702
>12 1.20 (0.63, 2.26) 0.579 | 1.03(0.58,1.83)|] 0.915
Socio-environmental Factors
Perceive ENPs disapprove¢ 0.99 (0.59, 1.66) 0.965 1.25(0.78,2.01) | 0.346
Household ENP rules
(vs not allowed) Ref Ref
Partially allowed 0.68 (0.30, 1.54) 0.355 0.87 (0.44,1.69)| 0.674
Fully allowed 0.69 (0.31, 1.51) 0.350 | 0.97(0.48,1.94)| 0.925
Exposed to ENP advertising 1.76 (1.07, 2.90) 0.026 1.46(0.89, 2.39) | 0.135
Secondary Redictors: ENP Use Characteristics
ENP dependence 0.70 (0.50, 1.00) 0.049 1.09 (0.82, 1.45)| 0.532
Use a rechargeable device 1.15 (0.52, 2.56) 0.724 2.31(0.99, 5.38)| 0.052
Use flavored ENP 0.95(0.53,1.72) 0.874 | 0.99(0.60,1.63) | 0.969

Discussion

In a large, nationally representative sample of U.S. adults, we found that only
8.1% of W3 ENP users were abstinent from both ENPs and cigarettes at W4, with

exclusive ENP userd.3.8%)more likely to achieve abstinence from both products than
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dual users (3.2%). Additionally, only 8.1% of W3 dual users transitioned to exclusive
ENP use at W4. Of predictors examined, W3 cigarette smoking status, non-combustible
tobacco use, and household vaping rules were associated with W4 combined ENP and
cigarette abstinence relative to use of one or both products. Non-smokers were more
likely than current smokers to use none (vs cigarettes only or both) but were less likely
than long-term former smokers to use none (vs both). Non-combustible users and those
living in a household where vaping was not allowed (vs freely allowed) were also more
likely to use none (vs ENPs only or both).

In analyses comparing predictors of exclusive ENP use to exclusive cigarette or
dual use, W3 non-smokers were more likely than current smokers to use ENPs only (vs
cigarettes only or both), whereas long-term former smokers were more likely than non-
smokers to use ENPs only (vs both). Additionally, W3 non-combustible and cannabis
users were more likely to use cigarettes only (vs ENPs only). A few cognitive factors
were also associated with W4 ENP and cigarette use patterns. Greater perceived risk of
ENPs was associated with a greater likelihood of using cigarettes only (vs ENPs only)
and greater self-efficacy to quit ENPs was associated with greater risk of using cigarettes
only or both (vs ENPs only).

From the SCT perspective, these findings show that behavioral factors —
particularly cigarette and non-combustible tobacco use — play a key role in determining
dual product use outcomes. Thus, both ENP cessation and harm reduction intervention
research must address the broader context of tobacco use behaviors in driving
intervention messages and in defining intervention outcomes (Berg, Krishnan, et al.,

2021). Given that W3 dual users were less likely to achieve dual cessation or harm
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reduction relative to W3 non-smokers and former smokers, dual users merit urgent
attention for interventions because of the high risk associated with this pattern of tobacco
use (Bhatta & Glantz, 2020). However, it is unclear whether dual users would be better
served by intervention approaches that encourage complete cessation of nicotine or harm
reduction approaches that encourage completely switching to ENPs. Although there is
some evidence that ENPs may assist in smoking cessation (Hartmann-Boyce et al., 2020;
Wang et al., 2021), most studies had endpoints of six or 12-months, and it is unknown
whether smoking cessation is sustained in the long-term. A recent meta-analysis found
that the use of ENPs among former smokers is associated with a greater likelihood of
relapse to smoking (Barufaldi et al., 2021). Studies with longer-term follow-up can help
determine if the use of ENPs results in sustained smoking cessation among dual users. At
the same time, developing and testing interventions to help dual users quit nicotine are
needed.

A related challenge is determining how to address use of other non-combustible
tobacco products, such as chewed and dissolvable tobacco. Although only 7.7% of
participants reported using these products at W3, their use was associated with a greater
likelihood of using none(vs ENPs onlyor both), but also a greater likelihood of using
cigarettes onlyvs ENPs only at W4. Thus, while the use of non-combustibles appears to
help some ENP users quit using ENPs, some of these individuals become exclusive
cigarette users. Previous research has shown that some non-combustible tobacco products
such as snus are less harmful than cigarettes (Clarke et al., 2019). However, there is a
lack of research comparing risks of other non-combustibles, such as smokeless tobacco,

with ENPs. More research is needed to identify the specific types of non-combustible
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products being used and determine if switching from ENPs to exclusive smokeless
tobacco use yields harm reduction benefits, results in increased harm, or hakeathe
effect. More research is also needed to understand motives for othesmbanstible
tobacco product anchnnabisuse among ENP users and whether these vary between
exclusive ENP users and dual users.

In terms of socieenvironmental factors, limg in a home not allowing (vs freely
allowing) ENP use at W3 was associated with a greater likelihood of nesmegfvs
usingENPs onlyor both) at W4. This corresponds with results from a previous study,
which found that household vaping restrictions wassociated with lower vaping
prevalence and frequency (Azagba et al., 2020). Therefore, more efforts are needed to
encourage vapiee homes, for instance by emphasizing the potential harms associated
with secondhand exposure to aerosols from ENPs (Baydy, 2019). Interestingly,
exposure to ENP advertising was associated with a greater likelihood otigsneftes
only (vs noneand vsENPs only. Previous research has documented that exposure to
cigarette and-eigarette marketing is associated wilwer odds of quitting smoking
(Mantey et al., 2019). Although we did not include exposure to cigarette or other tobacco
product advertising in this analysis, itpessiblethat those exposed to ENP advertising
are also exposed to advertising for cig@stparticularly at the point of sale.
Understanding how ENP advertising impacts ENP initiation and cessation, particularly
for dual users, could inform policy level approaches.

Like behavioral factors, cognitive factors also demonstrated a complex
relationship with W4 product use patterns. Greater interest in quitting ENPs was

associated with a greater likelihood of usirame(vs both). This finding differs from that



of a prior PATH analysis examining predictors of ENP and cigarette transitions among
dual users, which did not find a significant association between interest in quitting ENPs
and any transition pattern (Osibogun et al., 2020). A few reasons could account for the
differences in our findings. The time periods of our analyses were different — our analysis
examined W3 predictors of W4 outcomes, while Osibogun et al. (2020) examined W1
predictors of W3 outcomes. Additionally, our analyses differed in how we
operationalized interest in quitting. We treated it as a continuous variable, while the
previous analysis treated it as a categorical variable. Future studies could explore this
association to provide more conclusive evidence about the role of interest in quitting
ENPs on dual product abstinence.

We found that higher self-efficacy to quit ENPs was associated with a greater
likelihood of using none (vs ENPs only). However higher self-efficacy to quit ENPs was
also associated with a greater likelihood of using cigarettes only or both (vs ENPs only).
Although we did not examine self-efficacy to quit using cigarettes in this analysis, it is
plausible that for dual users, self-efficacy to quit cigarettes is low. Future analyses of dual
users could examine cognitive factors specific to each product and how they are
associated with transition patterns.

Additionally, those with lower risk perception of ENPs were more likely to use
ENPs only (vs cigarettes only). This is similar to findings of Peroskie et al. (2019), which
showed that, among dual users, those who perceived ENPs as less harmful than cigarettes
were more likely to switch to exclusive ENP use and less likely to switch to exclusive
cigarette use. Cessation interventions should build interest in quitting and self-efficacy to

quit all tobacco products, while harm reduction interventions for dual users could
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highlight reduced harms of ENPs relative to cigarettes. Another notable finding was that
females were more likely than males to engage in more harmful forms of tobacco use,
such as using cigarettes only or both (vs ENPs only), suggesting that harm reduction
interventions that target females are needed.

Limitations of this analysis include self-report of ENP and cigarette use and small
sample sizes for some groups, which is reflected in the wide confidence intervals for
some estimates. Additionally, observations that were excluded for missing data may have
been associated with the outcomes of ENP and cigarette use, resulting in reduced
statistical power and potentially biased estimates. The observational nature of the data
precludes us from making any causal conclusions. However, strengths of this analysis are
the longitudinal design, inclusion of a wider range of variables than previous analyses,
including cognitive and socio-environmental variables, and the use of a nationally
representative sample, which enhances the generalizability of findings.

Conclusions

These findings collectively illustrate the utility of an SCT framework to inform
both ENP cessation and harm reduction interventions. Interventions need to address co-
occurring tobacco and cannabis use, and interventions are urgently needed to assist dual
users to quit using both products or switch to exclusive ENP use. Research should further
examine reasons for non-combustible tobacco product use among ENP users, types of
products used, and the health implications of product switching. Building interest in
quitting ENPs, self-efficacy to quit ENPs, and creating vape-free environments could
potentially facilitate ENP cessation, while harm reduction interventions could address

ENP risk perceptions.
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Chapter 5: Conclusions

Summary of Findings

Substantial evidence indicates that ENPs are less harmful than cigarettes, and a
few randomized controlled trials have shown that ENPs are effective for smoking
cessation. Thus, ENPs have the potential to reduce harms from tobacco use. However, it
is unclear whether ENPs are contributing to harm reduction at the population level by
displacing cigarette smoking. Additionally, although current evidence shows that ENPs
are less harmful than cigarettes, ENPs have independent risks and their long-term effects
are unknown. Therefore, there is a need to develop evidence-based vaping cessation
interventions.

Paper 1 (Chapter 2) of this dissertation identified independent and joint
trajectories of ENP and cigarette use among ENP users, and predictors of trajectory group
membership. Two trajectories of ENP use (declining and consistent) and four trajectories
of cigarette smoking (abstinent, occasional, declining, consistent) were identified. Most
ENP users belonged to the joint trajectory of declining ENP use and consistent cigarette
use (52.3%). Higher nicotine dependence was associated with membership in more
harmful trajectories. Daily ENP use was associated with membership in less harmful
cigarette trajectories. However, among ENP users belonging to less harmful cigarette
trajectories, daily ENP use was associated with membership in the consistent (vs
declining) ENP trajectory. Socio-demographic characteristics also varied across
trajectories. These findings indicate that ENPs do not appear to be displacing cigarette

smoking. Both harm reduction and ENP cessation interventions could target frequency of
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ENP use and nicotine dependence. Interventions also need to be tailored to different
socio-demographic groups to reduce disparities in harm reduction and ENP cessation.

Paper 2 (Chapter 3) examined SCT-based cognitive, behavioral, and socio-
environmental predictors of ENP quit attempts and successful cessation. Cognitive and
behavioral factors emerged as the main predictors of ENP quitting behaviors. Higher
interest in quitting ENPs, greater perceived risk of ENPs, and use of other tobacco
products and cannabis predicted quit attempts only, while greater self-efficacy to quit
ENPs and being a current smoker (vs non-smoker) predicted quit attempts and successful
cessation. Among socio-environmental factors examined, household vaping restrictions
predicted ENP quit attempts and absence of ENP advertising exposure predicted ENP
cessation. These findings suggest that ENP cessation interventions that target cognitive
factors, particularly self-efficacy, could be effective. Additionally, although current
smokers were more likely to try quitting and successfully quit using ENPs, it is unclear
whether they continue to smoke cigarettes.

To examine this, paper 3 (Chapter 4) extended the objectives of paper 2, by
examining SCT-based predictors of combined ENP and cigarette smoking abstinence.
Predictors of combined abstinence relative to use of one or both products included
cognitive factors (interest in quitting ENPs and higher self-efficacy to quit ENPs),
behavioral factors (being a non-smoker (vs current smoker) and using non-combustibles),
and one socio-environmental factor (household vaping restrictions). Additionally, paper 3
also examined predictors of exclusive ENP use (vs exclusive cigarette or dual use), which
included lower self-efficacy to quit ENPs, lower perceived risk of ENPs, not using

cigarettes, non-combustibles, and cannabis, and not being exposed to ENP advertising.
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Collectively, findings of this dissertation demonstrate that SCT offers a useful
framework for guiding vaping cessation and harm reduction interventions. Interventions
need to take in to account co-occurring risk behaviors. An urgent priority for
interventions is to promote cigarette smoking and abstinence. The use of non-combustible
tobacco products and cannabis among ENP users also warrants attention. Use of these
products was associated with ENP quit attempts, and non-combustible tobacco product
use also predicted combined abstinence from ENPs and cigarettes, suggesting that ENP
users could be using these products to try to quit vaping. Understanding reasons for use
and comparative risk perceptions of non-combustible tobacco products and cannabis
relative to ENPs can inform intervention messaging and approaches.

Cognitive factors that could serve as intervention targets include interest in
quitting, self-efficacy, and perceived risk. Building self-efficacy, in particular, is an
important component of ENP cessation interventions. Additionally, policies that modify
socio-environmental characteristics, such as household ENP restrictions and limiting

exposure to ENP advertising may facilitate quitting.

Strengths and Limitations

This is one of the first studies to examine joint trajectories of ENP and cigarette
use among adult ENP users, which contributes to improving our understanding of the
stability of use of both products and consequently the public health impact of ENPs.
Additionally, much of the current body of research has focused on ENP use and quitting
among youth and young adults. This work contributes to filling the gap in ENP cessation

research among older adults, who may have greater health risks stemming from longer
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duration of exposure to nicotine and tobacco. By systematically looking at a range of
predictors informed by SCT, and examining their association with various outcomes,
namely ENP quit attempts, ENP cessation, combined ENP and cigarette abstinence, and
exclusive ENP use, findings can inform interventions and policies across the nicotine and
tobacco harm reduction continuum. Finally, this dissertation leverages a large, nationally
representative sample. Therefore, findings can be generalized to adult ENP users in the
U.S. CNP.

Despite these strengths, there are some limitations to this dissertation. As this
analysis used secondary data, some measures used did not directly correspond to SCT
constructs. A related limitation is that several of these constructs are multidimensional
but available items only captured some dimensions of these constructs. For example, self-
efficacy to quit using ENPs or other tobacco products can include self efficacy under a
range of situations (e.g. mood, social environment), which are captured in scales that
measure self-efficacy for smoking cessation, such as the smoking abstinence self-efficacy
questionnaire (SASEQ) (Spek et al., 2013). However, in this analysis, it was measured
using a single item. This could pose a threat to construct validity.

The reliability of some of the measures is unknown. For instance, the PATH study
does not measure ENP and nicotine dependence using a single scale but uses items from
several different scales. The use of validated scales will enable comparisons to be made
across studies and facilitate more confident conclusions to be made regarding observed
associations. Development of scales for measuring constructs in the context of ENP use
and cessation is an ongoing area of research (Bold et al., 2018; Halpern-Felsher & Kim,

2018; Piper, Baker, Benowitz, et al., 2020; Pokhrel et al., 2018).
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There were a number of limitations related to data availability. Data was not
available for some theoretically relevant variables, such as peer use of ENPs. For
defining outcomes (ENP and cigarette use), any past 30-day was used, as data on number
of days used in the past 30-days was not assessed for all individuals. Additionally,
changes in PATH study methodology across waves led to modifications in eligibility
criteria for being asked certain survey items. In W1 and W2, items assessing SCT
constructs, such as interest in quitting ENPs, self-efficacy to quit ENPs and ENP outcome
expectancies were only asked to dual and poly tobacco users who also used ENPs and not
to exclusive ENP users. However, in W3, these items were asked to all current
established ENP users. Therefore, these variables could not be examined as predictors in
Aim 1. Some survey items underwent changes in wording access waves, which could
affect responses and limit comparability across waves. ENP use and cigarette smoking
status were self-reported and not biochemically confirmed. Lastly, due to the
observational design of the PATH study, no causal conclusions can be made regarding

any of the observed associations.

Future Research Needs

Several areas of future research could address limitations identified above, and
build on the findings of this dissertation. In light of socio-demographic differences in
ENP and cigarette trajectories, identifying socio-demographic moderators of associations
between SCT-based factors, particularly cognitive factors, and ENP quitting behaviors
could enable better targeting of interventions. Additionally, identifying mediators of

SCT-based interventions for ENP cessation, such as This is Quitting (Graham et al.,
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2021), can provide stronger evidence for the causal role of SCT-based factors in ENP
cessation, and illustrate the pathways by which various factors lead to cessation. More
research on socio-environmental factors, such as peer ENP use, vape-free policies, and
exposure to ENP advertising, and how they impact ENP quit attempts, cessation, and
product transitions is also needed.

Although SCT acknowledges the role of environmental factors, it is largely an
individual level theory of behavior change. Therefore, it does not account for the impact
of broader structural factors such as regulations, which may impact ENP and cigarette use
and transitions. Future research could examine the role of regulations, such as taxes and
vape-free policies, and whether they potentially moderate associations between individual
level factors and ENP cessation, using approaches such as multi-level modeling. This
research can contribute to the development of policies that limit harms from ENP use and
facilitate ENP cessation.

Encouraging and assisting dual users with quitting smoking is an urgent priority.
However, there are several possible approaches to intervening on dual users and the
optimal approach is unknown. Interventions could focus on harm reduction alone, by
only promoting smoking cessation and not addressing (or even encouraging) continued
use of ENPs. Interventions could encourage cessation of both products sequentially, first
emphasizing cessation of cigarettes, followed by ENPs. Finally, interventions could
emphasize simultaneous cessation of ENPs and cigarettes. The comparative effectiveness
of these approaches merits empirical investigation. Further research is also needed to
identify effective messaging strategies for each of these approaches, which may vary

based on intervention goals. For instance, ENP cessation interventions may need to
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convey harms of ENP use, while harm reduction interventions may benefit from
emphasizing that ENPs are less harmful than cigarettes. Messages will need to be
developed carefully and evaluated to ensure that they are not perceived as contradictory.

In this dissertation and in the literature (Osiobogun et al., 2020), definitions and
examinations of dual use, tobacco product transitions, and nicotine abstinence have been
limited to ENP and cigarette use. Given findings regarding the association between non-
combustible tobacco products and ENP quitting behaviors identified here, future studies
could expand definitions of complete abstinence to include all tobacco products.
Depending on research goals, cannabis use could also be included in definitions of
product use and abstinence, and examination of product transitions.

The role of ENPs in tobacco control continues to be hotly contested, but evidence
of independent harms associated with ENP use highlights the need to advance ENP
cessation research. This dissertation contributes to addressing some gaps in this area of
research. By identifying trajectories of ENP use and their association with cigarette
trajectories, this dissertation adds to the evidence of the public health impact of ENPs.
Additionally, by identifying associations between SCT-based factors and ENP quitting
behaviors, the findings of this dissertation provide support for the use of SCT-based

interventions for ENP cessation and harm reduction.
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Appendix A: Supplementary TablesbChapter 2 (Aim 1)

Supplementary Table 1.Comparison of W1 Characteristics between Participants
Included and Excluded from the Analytic Sample

Included (n=2,238) | Excluded (n=1,737) p-value
Age

1824 718 (32.1) 619 (35.6)

2544 914 (40.8) 691 (39.8)

45+ 606 (27.1) 427 (24.6) 0.043
Male 1,084 (48.4) 1,019 (58.7) <0.0001
Non-Hispanic White 1,490 (66.6) 1,211 (69.7) 0.035
Education

Less than high school 313 (14.0) 224 (12.9)

High school/GED 754 (33.7) 629 (36.2)

Some college or more 1,171 (52.3) 884 (50.9) 0.219
Other combustibleise 919 (41.1) 759 (43.7) 0.096
Other noncombustible use 203 (9.1) 212 (12.2) 0.001
Nicotine dependence, M(SD 2.7 (1.3) 2.7(1.3) 0.460
Alcohol frequency
consumption score

0 868 (38.8) 692 (39.8)

1-12 670 (29.9) 474 (27.3)

>12 700 (31.3) 571 (32.9) 0.179
Cannabis use 631 (28.2) 422 (24.3) 0.006
Perceive ecigarettes as less
harmful than cigarettes 1,607 (71.8) 1,218 (70.1) 0.245

Note. unweighted datan=456 were missing data on W1 characteristics
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Supplementary Table 2.Unique Patterns of ENPand Cigarette Use from W1-W5

wi [ w2 | w3 | w4 W5 Frequency %
ENPs (Unique Rtterns=30)
1 0 0 0 0 662 29.58
1 1 1 1 1 289 12.91
1 1 0 0 0 226 10.1
1 0 0 0 1 147 6.57
1 1 1 0 0 126 5.63
1 0 1 0 0 111 4.96
1 1 1 1 0 85 3.8
1 1 1 0 1 74 3.31
1 1 0 0 1 70 3.13
1 0 1 1 1 57 2.55
1 0 1 0 1 54 241
1 -- 0 0 0 50 2.23
1 0 0 1 1 49 2.19
1 1 0 1 1 49 2.19
1 0 0 1 0 46 2.06
1 0 1 1 0 44 1.97
1 1 0 1 0 36 1.61
1 -- 0 0 1 17 0.76
1 -- 1 0 0 16 0.71
1 -- 1 0 1 7 0.31
1 -- 0 1 1 5 0.22
1 -- 1 1 1 4 0.18
1 0 -- 0 0 3 0.13
1 -- 0 1 0 3 0.13
1 0 0 0 - 2 0.09
1 -- 1 1 0 2 0.09
1 0 0 -- 0 1 0.04
1 0 0 -- 1 1 0.04
1 1 -- 0 0 1 0.04
1 -- -- 0 0 1 0.04
Cigarettes (Unique Btterns=32)

1 1 1 1 1 1216 54.33
0 0 0 0 0 202 9.03
1 1 1 1 0 150 6.7
1 0 0 0 0 109 4.87
1 1 1 0 0 79 3.53
1 1 0 0 0 70 3.13
1 1 1 0 1 45 2.01
0 1 1 1 1 37 1.65
1 0 1 1 1 36 1.61
1 1 0 1 1 31 1.39
0 1 0 0 0 27 1.21
0 0 0 0 1 22 0.98
1 1 0 0 1 18 0.8
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0.8

0.71
0.71
0.63
0.63
0.58
0.54
0.54
0.49
0.45
0.4
0.4
0.36
0.31
0.27
0.27
0.27
0.22
0.18

18
16
16
14
14
13
12
12
11
10

missing

=using, O=not using;

Notes.1
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Supplementary Table 3.Parameter Estimates and Fit $tistics for all Estimated Models(bold indicates selected model)

No. of Trajectory Parameter Estimates(SE) Model Fit I ndices Distribution
Groups Shape$
% assigned to
Est. prob of group based
10 11 12 BIC Ave PP occC group on posterior % in group
membership | prob. of group
membership
ENPs
5 00 -0.39(0.03) 7339.94 0.93 3.00 0.87 0.82 80.8
2.60(0.18) 0.94 67.32 0.13 0.18 19.2
2 01
2 02
5 10 2.27(0.28) -2.43(0.52) -6002.80 0.95 20.99 0.48 0.49 49.3
0.93(0.09) 0.93 13.49 0.52 0.51 50.7
) 20 2.94(0.06) | -3.83(0.12) | 0.70 (0.03) 5469 21 0.96 8.65 0.74 0.74 73.2
2.02(0.10) ' 0.91 27.44 0.26 0.26 26.8
Cigarettes
5 01 2.98 (0.08) 4668.40 0.98 24.09 0.69 0.69 68.1
-0.02 (0.10) | -0.52 (0.04) 0.96 54.71 0.31 0.31 31.9
0.76 (0.27) 0.75 15.51 0.14 0.16 21.7
3 011 7.50 (1.60) | -1.35(0.39) -4583.60 0.93 9.10 0.63 0.60 16.2
-0.23(0.14) | -0.72 (0.11) 0.92 37.58 0.23 0.24 59.6
-0.48(0.17) 0.83 33.09 0.11 0.13 12.9
4 0111 3.96 (0.75) | -1.84 (0.46) 4507.72 0.81 48.22 0.07 0.08 8.9
4.30 (0.30) | -0.46 (0.11) 0.97 16.02 0.68 0.67 65.8
-0.76(0.17) | -2.30 (0.57) 0.84 37.70 0.14 0.12 12.4
-0.96(0.68) 0.62 9.59 0.16 0.14 14.8
4 0000 0.60 (0.39) 4787.99 0.73 13.53 0.08 0.17 17.0
3.53(0.22) 0.89 5.14 0.68 0.61 59.9
-2.80(0.25) 0.67 23.06 0.09 0.08 8.3
4 0001
-2.02(0.37) 0.80 20.39 0.20 0.17 16.8
4 0002 -0.09(0.88) 4563.77 0.61 30.28 0.01 0.05 4.8
3.64(0.29) 0.96 16.09 0.61 0.61 60.5
2.87(0.62) -1.25(0.27) | 0.03(0.07) 0.75 14.42 0.18 0.17 18.0
4 0011




1GT

-2.19 (0.25) 0.88 44.87 0.14 0.15 14.9
4 0012 1.27 (0.32) 451642 | 087 33.68 0.09 0.16 16.0
11.57 (3.44) | -2.34 (0.86) 0.90 7.01 0.61 0.55 55.0
2.42(0.39) | -1.98 (0.38) | 0.19 (0.10) 0.76 20.22 0.16 0.14 14.1
-2.14(0.23) 0.90 49.82 0.14 0.15 15.2
1.41(0.29) 0.91 49.29 0.09 0.18 17.3
4 0022 18.34(6.16) | 4.26(4.10) 2.07('0_665 452131 g7 6.08 0.61 0.53 53.0
2.47(0.40) | -1.99(0.38) | 0.20(0.09) 0.77 20.63 0.16 0.14 14.4
-0.48(0.17) 0.83 32.53 0.11 0.13 12.8
3.95(0.72) | -1.82(0.46) 0.81 46.29 0.07 0.08 8.9
4 0112 4.30 (0.30) | -0.46 (0.12) -4511.09 0.97 15.54 0.68 0.66 65.7
-0.76(0.18) | 5.08 (1.22) 7.11('0_655 0.84 38.03 0.14 0.12 12.5
-0.47 0.83 33.76 0.11 0.13 12.9
4 0122 3.97 (0.93 | -1.89(0.49 4502.22 0.81 49.55 0.07 0.08 8.6
3.66 (0.18 0.53 (0.22 | -0.22 (0.05 0.97 18.69 0.68 0.67 66.0
-0.77 (0.17 | 3.97(1.26 | -6.06 (0.66 0.84 37.38 0.14 0.12 12.4
-0.56(0.14) 0.88 47.78 0.10 0.13 12.9
7.33(2.70) | -4.99(2.05) | 0.67(0.35) 0.81 45.98 0.08 0.08 9.1
4 0222 3.59(0.17) | 0.69(0.23) 0.26('0_055 -4501.07| 0.97 15.94 0.68 0.66 65.7
-0.72(0.17) | 4.21(1.38) 6.44('0_74) 0.84 37.02 0.14 0.12 12.3
4 01111
-0.79(0.27) 0.88 55.95 0.07 0.11 11.4
1.96 (0.51) 0.75 12.39 0.10 0.19 18.7
5 00111 | 13.01(4.67) | -2.691.17) -4499.11  0.80 4.20 0.61 0.50 49.2
-0.74 (0.19) | -2.60 (0.77) 0.78 28.53 0.14 0.11 11.4
3.71(0.83) | -1.78 (0.43) 0.82 49.46 0.08 0.09 9.3

Notes.?0=no growth, 1=linear, 2=quadraticd=intercept! 1=linear slope! 2=quadratic slopep<0.05; blank cell indicates that model did not converge




Appendix B: Supplementary Tablesb Chapter 3 (Aim 2)

Supplementary Table 4. Comparison of Characteristics between W3 Participants bst at W4
Follow-up and W3 Participants who completed W4 (n=2,366)

Lost at follow- Lost at follow- p-value
up=no up=yes
(n=2,0637 (n=303}
Covariates: Sociedemographics
Age, N (%)

1824 723 (35.1) 120 (39.6)

2544 880 (42.7) 119 (39.3)

45+ 460 (22.3) 64 (21.1) 0.298
Male, N (%) 1,084 (52.5) 192 (63.4) <0.0001
Non-Hispanic White, N (%) 1,451 (70.8) 201 (68.6) 0.451
Education, N (%)

Less than high school 257 (12.5) 43 (14.3)

High school /GED 667 (32.5) 113 (37.7)

Some college or more 1,126 (54.9) 144 (48.0) 0.080
Primary Predictors: SCT-based Factors
Cognitive Factors
Interest in quitting ENPs ¢10), M (SD) 3.8 (2.9) 3.7 (3.0) 0.783
Self-efficacy to quit ENPs (b), M (SD) 4.0 (1.3) 4.1 (1.2) 0.088
ENP outcome expectancies®), M (SD) 1.7 (1.0) 1.6 (0.9) 0.127
Perceived risk of ENPs {3), M (SD) 2.7 (1.0) 2.9 (1.1) 0.008
Behavioral Factors
Smoking status, N (%)

Non-smoker 383 (18.7) 54 (17.9)

Long-term former 239 (11.7) 30 (10.0)

Recent former 214 (10.4) 31(10.3)

Current 1,216 (59.3) 186 (61.8) 0.799
Other combustible use, N (%) 585 (28.4) 95 (31.5) 0.271
Other noacombustible use, N (%) 193 (9.4) 44 (14.5) 0.005
Cannabis use, N (%) 721 (35.0) 93(30.7) 0.138
Alcohol consumption score, N (%)

0 763 (37.3) 125 (41.3)

1-12 641 (31.3) 92 (30.4)

>12 644 (31.5) 86 (28.4) 0.370
Socio-environmental Factors
Perceive ENPs disapproved, N (%) 1,036 (50.8) 156 (52.0) 0.694
Household ENP rules, N (%)

Not allowed 673 (32.8) 124 (41.1)

Partially allowed 536 (26.1) 74 (24.5)

Fully allowed 843 (41.1) 104 (34.4) 0.015
Exposed to ENP advertising, N (%) 1,191 (58.5) 152 (51.2) 0.018
Secondary Predictors: ENP Use Baracteristics
ENP dependence-3), M (SD) 1.9(1.0) 1.8 (0.9) 0.054
Days used ENPs in past 30 days, M (95
Cl) 13.1 (13.0) 13.0 (12.7) 0.934
Use a rechargeable device, N (%) 1,773 (86.4) 259 (86.1) 0.882
Use flavored ENP, N (%) 1,327 (65.1) 192 (63.6) 0.594

Notes. unweighted dat&Column totalsfor each variable may not add up to overall total as some
individuals weremissing data on W3 predictors
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Appendix C: Measuresb Chapter 2 (Aim 1)

Use of Variable in

Variable PATH Survey ltem Response @tions .
y P ® Analysis
Outcomes
Has evemused an «igarette and :
ENP use . ¥Yes Dichotomous (yes; no
has used at least once in the p
W1-W2 ¥No
30 days.
ENP use ﬁ::: ;Sp;:;dviir:;sinvmz h:\slte ¥Yes Dichotomous (yes; no
W3-W5 = P ¥No
30 days.
. H ked a ci d .
Cigarette use as ever smoked a mgare?ste ¥Yes Dichotomous (yes; no
has smoked at least once in th
W1-W5 ¥No
past 30 days.
Sociocdemographics
¥ 18-24 years
¥ 25-34 years

¥ 3544 years

Categorical (184;

Age Imputed age range ¥ 4554 years 25-44; 45 years or
¥55-64 years older)
¥65-74 years
¥ 75 years or older
¥ Male Dichotomous (mag;
Sex Imputed gender ’
P g ¥ Female female)
: L ¥ Hi i
Imputed Hispanic origin |spar.1|c .
¥ Non-Hispanic .
- - Dichotomous (non
Race/ethnicity ¥ White alone . . .
Hispanic White; ther)
Imputed race ¥ Black alone
¥ Other

Education

What is the highest grade or
level of school you completed?

¥ | ess than high school

¥GED

¥ High school graduate

¥ Some college (no
degree) or associates
degree

¥ BachelorOs degree

¥ Advanced degree

Categorical (less than
high school; completeg
GED or high school;
completed some
college or more)

Tobacco, ENP and Substance Us&4&acteristics

Other
combustible
tobacco products

" ¥E d Dichot
Do you now smoke traditional very day ichotomous (every
. ¥ Some days day or some days; not|
cigar®
¥ Not at all at all)
¥ Every day Dichotomous (every
Do you now smoke cigarill@ | ¥ Some days day or some days; not|
¥ Not at all at all)
, ¥E d Dichot
Do you now smoke filtered very day ichotomous (every
. ¥ Some days day or some days; not|
cigar®
¥ Not at all at all)




N ¥ Every day Dichotomous (every
Do you now smoke a pipe filleg
. ¥ Some days day or some days; not|
with tobacc@
¥ Not at all at all)
¥ Every day Dichotomous (every
Do you now smoke hook&h ¥ Some days day or some days; not|
¥ Not at all at all)
¥ Every day Dichotomous (every
Do you now use snus? ¥ Some days day or some days; not|
¥ Not at all at all)
Other non ¥ Every day Dichotomous (every
. Do you now use smokeless
combustible ¥ Some days day or some days; not
tobacco?
tobacco products ¥ Not at all at all)
. ¥E d Dichot
Do you now use dissolvable very day ichotomous (every
¥ Some days day or some days; not
tobacco?
¥ Not at all at all)

Nicotine
dependence

| find myself reaching for

¥ 1=not true of me at all
¥2=2 on a scale of 1 to

tobacco products without ¥ 3=3 on a scale of 1 to | Continuous
thinking about it ¥4=4 on a scale of 1 to
¥ 5=extremely true of me
¥ 1=not true of me at all
| frequently use tobacco
) ¥2=2 on ascale of 1to
products/ | find myself almost :
. . ¥ 3=3 on a scale of 1 to | Continuous
using tobacco products withou
L . ¥4=4 on a scale of 1 to
thinking about it.
¥ 5=extremely true of me
¥ 1=not true of me at all
| frequentlycrave tobacco ¥2=2onascale of 1 1o
rodqucts y ¥3=3 on a scale of 1 to { Continuous
P ¥4=4 on a scale of 1 to
¥ 5=extremely true of me
¥ 1=not trie of me at all
My urges keep getting stronge| ¥ 2=2 on a scale of 1 to
if 1 don't use/l still have urges t{ ¥ 3=3 on a scale of 1 to | Continuous
use tobacco products ¥4=4 on a scale of 1 to
¥ 5=extremely true of me
| can only go a couple of hours ¥1=not true of me at all
. yd P ¥2=2onascalef1to5
without tobacco :
. ¥3=3 on a scale of 1 to { Continuous
products/wanting to use tobacq
¥4=4 on a scale of 1 to
products.
¥ 5=extremely true of me
¥ 1=not true of me at all
¥2=2 on ascale of 1 to
Tobacco products control me. | ¥ 3=3 on a scale of 1 to ] Continuous

¥ 4=4 on a scale of 1 to

¥ 5=extremely true of me
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My tobacco products / specific
product smoking / use is out of

* |=not true of me at all
e2=2onascaleof1to5

control/My urge to smoke/use *3=3 onascale of 1 to 5 | Continuous
tobacco products /specific *4=4onascaleofl1to5
product is out of control * S=extremely true of me
* 1=not true of me at all
I usually want to use tobacco *2=2onascaleof 1105
*3=3 onascale of 1 to 5 | Continuous

products right after I wake up.

e 4=4onascaleof1to5
* S=extremely true of me

*E d . .
ENP use . very day Dichotomous (daily;
frequenc Do you now use e-cigarettes? * Some days non-daily)
4 Y * Not at all Y
Have you ever used marijuana, * Yes
hash, THC, grass, pot, or weed? | * No
* Within th t 30 .
. . . TR e pas Dichotomous (past 30
Cannabis use How long has it been since you days

last used marijuana, hash, THC,
grass, pot, or weed? Was it...

* More than 30 days ago,
but within the past year
* More than a year ago

day use: yes; no)

Alcohol use

How long has it been since you
last used alcohol?

* Within the past 30
days

* More than 30 days ago,
but within the past year

* More than a year ago

In the past 30 days, how many
days did you have one or more
alcoholic drinks?

Open-ended

On average, on those [days that
you drank in the past 30 days],
how many alcoholic drinks did
you usually have each day?
Count a drink as a can or bottle
of beer; a wine cooler or a glass
of wine, champagne, or sherry;
a shot of liquor or a mixed drink
or cocktail.

Open-ended

Categorical (tertiles of
frequency x quantity)

Cognitive Factors

ENP risk
perception

Is using e-cigarettes less
harmful, about the same, or
more harmful than smoking
cigarettes?

¢ Less harmful
¢ About the same
* More harmful

Dichotomous (less
harmful; as or more
harmful
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Appendix D: Measures — Chapter 3 (Aim 2) and Chapter 4 (Aim 3)

Variable

PATH Survey Item

Response Options

Use of Variable in
Analysis

Aim 2 Outcomes

In the past 30 days, have you
used an ENP, even one or
two times? (ENPs include e-

ENP use: W4 . * Yes Categorical (no quit

cigarettes, vape pens,
. * No attempt; unsuccessful
personal vaporizers and )
. . quit attempt;
mods, e-cigars, e-pipes, e- successful quit
hookahs and hookah pens.) q
attempt)

In the past 12 months, have . Yes

ENP quit attempt you tried to quit using ENPs «No
completely?

Aim 3 Outcomes
In the past 30 days, have you
used an ENP, even one or
two times? (ENPs include e-

ENP use: W4 cigarettes, vape pens ® Yes

' g | ’ p. pens, d * No Categorical (none;
perzona \{aporlzers_ an ENPs only; cigarettes
mods, e-cigars, e-pipes, e-
only; both

hookahs and hookah pens.) Y )
In the past 30 days, have you . Yes

Cigarette use: W4 smoked a cigarette, even one «No

or two puffs?

Socio-demographics

Age range at the time of

* 18-24 years
* 25-34 years
*® 35-44 years

Categorical (18-24;

Age interview ® 45-54 years 25-44; 45 years or
* 55-64 years older)
* 65-74 years
* 75 years or older
Wave 3 Adult gender from * Male Dichotomous (male;
Sex . .
the interview * Female female)
. L * Hispanic
Hispanic origin (2 levels) . N01113—Hispanic Dichotomous (non-
Race/ethnicity * White alone Hispanic White;
Race (3 levels) * Black alone other)

e Other
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Education

What is the highest grade or
level of school you
completed?

¥ | ess than high school

¥GED

¥ High school graduate

¥ Some college (no
degree) or associates
degree

¥ BachelorOs degree

¥ Advanced degree

Categorical (less thar|
high school;
completed GEDor
high school;
completed some
college or more)

Cognitive Factors

Self-efficacy to quit

I would find it really hard to

¥ 1=not true of me at all
¥2=2 on a scale of 1 to §

ENPs stop using [ecigarettes/ ¥3=3 on a scale of 1 to § Continuous
ENPY ¥4=4 on a scale of 1 to §
¥ 5=extremely true of me
Overall, on a scale from 1 to
10 where 1 is not at all
interested and 10 is extreme
Interest in quitting | interested, how interested a :
. s 1-10 Continuous
ENPs you in quitting e
cigarettes/ENPs? Please
choose a number from 1 to
10.
¥ 1=not true of me at all
Using [ecigarettesENPY ¥2=2 on a scale of 1 to §
really helps me feel better if | ¥3=3 on a scale of 1 to §
feeling down ¥4=4 on a scale of 1 to §
5=extremely true of me
¥ 1=not true of me at all
ENP outcome Using [ecigarettesENP4 ¥2=2 onascale of 110 E ,
expectancies helps me think better ¥3=3onascaleof1to§ Continuous
¥4=4 on a scale of 1 to §
¥ 5=extremely true of me
¥ 1=not true of me at all
| would feel alone without ¥2=2 on ascale of 1 to 5:
my [e-cigarettesENP4 ¥3=3 on a scale of 1 to §
¥4=4 on a scale of 1 to §
¥ 5=extremely true of me
¥ 1=not at all harmful
Perceived risk of How harmful do you think-e | ¥ 2=slightly harmful
cigarettes or othéENPsare ¥ 3=somewhat harmful | Continuous

ENPs

to health?

¥ 4=very harmful
¥ 5=extremely harmful

Behavioral Factors

Cigarette smoking
status

Wave 3 Adult respondents
who have ever smoked a
cigarette

¥Yes
¥No

16
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Wave 3 Adult respondents

who have smoked 100 or * Yes
more cigarettes in their * No
lifetime.
Do you now smoke * Every day
cigarettes? * Some days
* Not at all
* Yes
* No

Have you completely quit
smoking cigarettes?

* | have never smoked a
cigarette in my entire
life, not even one or
two puffs

In the past 12 months, have

Categorical (non-
smoker, long-term
former, recent former,
current)

. * Yes
you smoked a cigarette, even «No
one or two puffs?
Wave 3 Adult Recode of
length of time since last Open-ended
smoked a cigarette into days.
*E da Dichotomous (ever
Do you now smoke very day us (every
. . * Some days day or some days; not
traditional cigars?
* Not at all at all)
*E da Dichotomous (ever
Do you now smoke very day us (every
cicarillos? * Some days day or some days; not
& ' * Not at all at all)
. *E d Dichotomous (ever
Other combustible Do you now smoke filtered very day us (every
tobacco products cioars? * Some days day or some days; not
P gars! * Not at all at all)
. *E da Dichotomous (ever
Do you now smoke a pipe very day us (every
. * Some days day or some days; not
filled with tobacco?
* Not at all at all)
* Every day Dichotomous (every
Do you now smoke hookah? * Some days day or some days; not
* Not at all at all)
* Every day Dichotomous (every
Do you now use snus? * Some days day or some days; not
Other non-
. * Not at all at all)
combustible tobacco -
* Every day Dichotomous (every
products Do you now use smokeless
tobacco? * Some days day or some days; not
’ * Not at all at all)
Have you used marijuana,
. hash, THC, grass, pot or * Yes Dichotomous (yes;
Cannabis use s
weed within the past 30 * No no)
days?
Alcohol use Have you used alcohol within | * Yes
the past 30 days? * No
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In the past 30 days, on how

many days did you have one Open-ended Categorical (tertiles
or more alcoholic drinks? of frequency x
On average, on those [days quantity)
that you drank in the past 30
days], how many alcoholic
drinks did you usually have
each day? Count a drink as a
. Open-ended
can or bottle of beer; a wine
cooler or a glass of wine,
champagne, or sherry; a shot
of liquor or a mixed drink or
cocktail.
Socio-environmental Factors
* Definitel
Perceived In general, do you think most CUIIICY yes .

. . . * Probably yes Dichotomous
disapproval of people disapprove of using e- « Probablv not (disapprove: yes: no)
ENPs cigarettes or other ENPs? oY PProve: yes;

¢ Definitely not
¢ It is not allowed
h t ti
Now think about e-cigarettes z‘m)f;v ere ;r?n any time
inside m;
and other ENPs. Which It Sis ;110 ye(;)inesome
. . A4
Household ENP statement best describes the ) )
. places or at some times | Categorical
rules rules about using these ..
inside my home
products .
o ¢ It is allowed anywhere
inside your home? LT
and at any time inside
my home
In the past 30 days, have you
ticed e-ci tt th .
Exposure to ENP fotee e' cleare e§ or 9 < * Marked Dichotomous (yes;
dvertisi ENPs being advertised in any Not marked n0)
isin, .
advertising of the following places?
Choose all that apply.
Secondary Predictors
* 1=not true of me at all
I find myself reaching for [e- e 2=2onascaleof1to5
ENP dependence cigarettes/ENPs] without *3=3 onascale of 1to5 | Continuous
thinking about it *4=4onascaleof1to5
* S=extremely true of me
Ifi tl -
. requently use [e * 1=not true of me at all
cigarettes/ENPs]/ I find
myself almost using [ *2=2 onascaleof 1to5
yse ost Usig *3=3 onascaleof 1to5 | Continuous

cigarettes/ electronic nicotine
products] without thinking

about it.

e 4=4onascaleof1to5
* S=extremely true of me

165




| frequently crave [e

¥ 1=not true of me at all
¥2=2 on a scale of 1 to §

cigarette NP4 ¥3=3 on a scale of 1 to § Continuous
g ¥4=4 on a scale of 1 to §
¥ 5=extremely true of me
Mv Urges keep getin ¥ 1=not true of me at all
st?lon ger if | dci)ngt use?l still ¥2=2onascale of 1to §
have?Jr es to use-e ¥3=3 on a scale of 1 to § Continuous
i arettgsENPg ¥4=4 on a scale of 1 to §
g ¥ 5=extremely true of me
| can onlv 4o a couble of ¥ 1=not true of me at all
hours Wityhgut e P ¥2=2 on a scale of 1 to §
. . ¥3=30n a scale of 1 to 5 Continuous
cigaretted£NPg/wanting to
. ¥4=4 on a scale of 1 to §
use [ecigaretted£ENP4
¥ 5=extremely true of me
¥ 1=not true of me at all
: ¥2=2 on a scale of 1 to §
EimgaretteSENPs] control ¥3=3 on a scale of 1 to § Continuous
’ ¥4=4 on a scale of 1 to §
¥ 5=extremely true of me
. . ¥ 1=not true of me at all
e e 5 Y22 onascdeor Lo
oci aretteﬂENg isgout of ¥3=3 on a scale of 1 to § Continuous
[e-cig 3 ¥4=4 on a scale of 1 to §
control
¥ 5=extremely true of me
¥ 1=not true of me at all
| usually want to usge- ¥2=2 on a scale of 1 to §
cigaretted£NP4g right after | | ¥3=3 on a scale of 1 to § Continuous
wake up. ¥4=4 on a scale of 1 to §
¥ 5=extremely true of me
In the past 30 days, have yo
used arENP, evenone or
two times? ENPsinclude e
cigarettes \Fa e pens ¥ves
Days used ENP in g » Vape pens, ¥No :
personal vaporizers and Continuous
past 30 days . .
mods, ecigars, epipes, e
hookahs and hookah pens.)
How many of the past 30
y .p Openended
days used an [primargNF|
Please think about the
[primary ENP] you :
Use a rechargeable . ¥Yes Dichotomous (yes;
[use/used] most of the time.
ENP ¥No no)

[Is/was] your [primaryENF|
rechargeable?

16¢€




Use flavoured ENP

In the past 30 days, which
flavours of
ENPs/cartridges/e-liquid
have you used? Choose all
that apply

e Marked
* Not marked

Dichotomous (yes;
no)
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