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Abstract

Background: Cigarette smokers report increases in smoking urge in response to exposure to
electronic nicotine delivery systems (ENDS) and dual users, i.e. smokers who also vape ENDS,
may exhibit greater cue reactivity than exclusive smokers. The current investigation examined
reactivity to a variety of ENDS cues across a large sample of cigarette smokers and dual ENDS
users.

Methods: Young adult smokers (N = 345; =5 cigarettes per day) were recruited between
2013-2019 for participation in a series of within-subjects laboratory-based studies. Participants
completed surveys before and after exposure to a confederate-delivered control cue (water) and

an active cue, including cigarette or ENDS cues ranging from first generation “cigalikes” to a
fourth generation “pod-mod”. Main outcomes were post-cue changes in desire for combustible
cigarettes and e-cigarettes, and smoking behavior as determined by the smoking latency portion of
the Smoking Lapse Paradigm after cue exposure.

Results: Relative to smokers who do not use ENDS, dual users demonstrated higher baseline
desire for ENDS and greater ENDS cue reactivity (across product types) in terms of post-cue
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increases in smoking urge and shorter latency to smoking choice. In contrast, reactivity to the
cigarette cue was similar across groups.

Conclusions: Dual users show heightened ENDS cue reactivity on smoking urge and behavior
relative to never users of ENDS, regardless of the type of ENDS cue. Given their reactivity to both
cigarette and ENDS cues, it may be difficult for dual users to transition to exclusive vaping or quit
tobacco product use altogether.

Keywords

Electronic Nicotine Delivery Systems (ENDS); Electronic Cigarettes (E-Cigarettes); Dual Use;
Smoking; Craving

1.

Introduction

Over the past decade, the increasing prevalence of the use of electronic nicotine delivery
systems (ENDS), also known as electronic cigarettes (e-cigarettes), has raised a significant
public health debate (Helen & Eaton, 2018; Dai & Leventhal, 2019). If ENDS offer a

less harmful method of nicotine delivery than smoking combustible cigarettes and do not
adversely affect smoking cessation, there may be a net public health benefit, but if their
use poses long-term health risks and/or drives the initiation and maintenance of tobacco
product use in youth and young adults, then ENDS represent a public health burden (Lee
et al., 2018; Barrington-Trimis et al. 2016). An important consideration is the possibility
that ENDS may provide a more accessible means of nicotine delivery than combustible
cigarettes, for example, by allowing smokers to get a nicotine dose in places where smoking
is banned, thus facilitating a transition to “dual use,” defined as co-use of cigarettes and
ENDS (Zhuang et al., 2016). Of concern is that relative to exclusive ENDS users and
smokers, dual users perceive less danger from vaping but may incur more overall adverse
health effects (Cooper et al., 2017; Rass et al., 2015; Kim et al., 2015; Wang et al., 2018).

Relevant to the issue of dual use is that ENDS use closely resembles combustible smoking
in terms of analogous hand-to-mouth movements, inhalation and exhalation behaviors, and
production of exhaled aerosols that resemble smoke. Currently unknown, however, is the
extent to which those closely-aligned aspects of ENDS use to traditional smoking affect
dual users. Whereas there is a growing body of literature examining the physiological

and psychological effects of vaping, there has been a paucity of research focusing on

the effects of vaping in persons who are passively exposed to ENDS use. Our research
group has conducted several studies in this area and we have consistently demonstrated

that passive exposure to the use of a variety of ENDS and heated tobacco products evokes
acute increases in both the desire to smoke and vape in young adult smokers (King et

al., 2016; King et al., 2018; Vena et al., 2019; Vena et al., 2020b; Brett et al., 2021). Of
note, ENDS’ elicititation of desire to smoke is seen in devices that more closely resemble
combustible cigarettes (King et al., 2015) as well as larger tank devices that are visually
distinct from cigarettes (\ena et al., 2020a). Others have observed cue-specific craving
among dual users in response to combustible and electronic cigarettes, but without evidence
of cross-cue reactivity when active cues were interspersed with control cues across multiple
trials (Dowd & Tiffany, 2019). As over a quarter of smokers also use ENDS (Owusu et
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al., 2019), elucidating potential mechanisms that underlie dual use behavior is essential. It

is possible that, relative to exclusive smokers, dual users may be more susceptible to the
motivational salience of ENDS as cues that evoke urges for both cigarettes and e-cigarettes.
Further, as device types continue to evolve in both appearance and functionality the question
of which devices elicit urges to smoke in observers remains relevant. This cue sensitivity
may be clinically significant as it could conceivably propel concomitant smoking and vaping
behavior and make it more difficult to eventually reduce or quit tobacco use. Examination

of the role of recent or lifetime vaping among smokers as an individual difference factor

in ENDS cue reactivity has not been possible due to sample size limitations in our prior
investigations.

Thus, the present study aimed to overcome the aforementioned limitation by aggregating
data across five previous studies to examine reactivity to ENDS cues in smokers with
varying levels of co-occurring ENDS use. We predicted ENDS cue reactivity, in terms of
e-cigarette and cigarette desire, would be stronger in current (past month) dual users than
in lifetime (>1 year) or never users of ENDS. Our secondary goal was to examine whether
the use of smaller, non tank-based ENDS (e.qg., cigalike and JUUL) would elicit greater cue
reactivity than tank-based, larger ENDS with less resemblance to cigarettes (vape pens and
mods).

2. Methods

2.1 Design

Data were combined across five within-subject human laboratory studies conducted in
young adult smokers between 2013-2018. The total number of participants was N=345.
Study protocols were identical across studies with the only differences being the type of
ENDS cue delivered and inclusion of a smoking latency task in four of the five studies.
Participants were tested individually in controlled laboratory sessions to examine responses
to a confederate-delivered control cue followed by an active cue, i.e., confederate using an
e-cigarette (n=264; Vena et al., 2019; Vena et al., 2020a; Vena et al., 2020b) or combustible
cigarette (n=81; King et al., 2015; King et al., 2018). Cue delivery was conducted within an
ecologically-valid social interaction to mimic real-world exposures to products.

2.2 Participants

Candidates were recruited via online advertisements with the study masked as an
examination of “moods, behaviors, and social interactions” to reduce selection bias and
expectancy about exposure to cues. Participants were debriefed on the actual purpose
upon study completion. Inclusion criteria were: 18-35 years of age, daily smoking (5-30
cigarettes/day), not currently attempting to quit smoking, no prior participation in our
studies, English fluency, and no major physical or mental disorders or hearing or visual
impairments that would hinder participation.

Eligibility was determined without regard to past ENDS use history to avoid biasing the
sample. Consistent with prior investigations (Owusu et al., 2019), four ENDS use subgroups
were derived. Among participants exposed to ENDS cues, these included: past-month dual
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users (n=65; reporting ENDS use in the past 30 days), past-year dual users (n=97; ENDs use
> 30 days and < one year ago), /ifetime users (n=52; ENDS use > one year ago), and never
users (n=50; denied any prior ENDS use). The same criteria was applied to participants
exposed to cigarette cues and included past-month dual users (n=18), past-year dual users
(n=35), lifetime users (n=10), and never users (11=18).

2.3 Procedure

Individuals meeting initial inclusion criteria on the telephone screen were invited to an
in-person screening. They were instructed to abstain from alcohol and recreational drugs

for =24 hours and cigarette smoking for =1 hour. The screening consisted of informed
consent, verbal confirmation of recent abstinence, and assessment of demographic, health,
and substance use behaviors. Candidates completed questions about smoking history and
cigarette preference, including the Fagerstrém Test for Nicotine Dependence (FTND;
Heatherton et al., 1991), a timeline follow-back calendar for past month estimates of
smoking (Sobell & Sobell, 1992), scales for negative affect [Beck Depression Inventory
(BDI); Beck et al., 1961; State-Trait Anxiety Inventory (STAI-Trait); Spielberger, 1970] and
alcohol drinking (AUDIT; Babor et al., 2001). They also underwent breath tests for alcohol
(BrAC=<.003; three candidates were disqualified for exceeding that threshold) and expired
air carbon monoxide (< 40 ppm) as a general indicator to support self-reported time since
last cigarette (McKee, 2009; Pang & Leventhal, 2013; Drobes & Tiffany, 1997). Ninety-four
percent of screened candidates across all studies were deemed eligible and agreed to partake
in the two hour study session. The studies were approved by the University of Chicago
Institutional Review Board and sessions were conducted in comfortable, living room-like
rooms in the Clinical Addictions Research Laboratory at the University of Chicago.

The session commenced with baseline surveys (for details, see Dependent Measures)
followed by introducing the participant to the study confederate, i.e., a hired lab member
who portrayed the role of another study participant. After the introduction, the research
assistant informed them that they would each be assigned a randomized task, i.e., eating,
drinking, smoking/vaping, having a conversation, or viewing pictures, by choosing one card
from a small stack of about 6 cards. The participant always chose first, and the presentation
of cards was rigged so that the conversation task was selected. The confederate would then
choose a card, seemingly at random, but, outside the view of the participant, the assistant
slipped in a card in the left position that the confederate appeared to randomly choose and
this card always had the task of drinking water.

The second task followed a similar procedure, with the participant seemingly randomly
choosing a card with conversation again as his/her task, and the confederate selecting the
added card (unbeknownst to the participant) with either smoking or vaping as the task,
depending on the study. For both first and second tasks, the conversation task was facilitated
by the research assistant asking the participant to choose from a short list of topics (favorite
tv shows or movies, pets, weather, etc.) and providing a card with suggested conversation
starters to facilitate the interaction. The confederate was told for both tasks to drink/smoke/
vape as much or as little as they liked during that period, but actually the confederate was
pre-trained to deliver the cue about 8-10 times in a natural way during the conversation.
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Surveys were repeated immediately after the first and second tasks as well as in a final
administration 20-minutes post second task after a brief rest period.

After the cue phase, in four of the five studies (King et al., 2018; Vena et al., 2019; Vena

et al., 2020a; Vena et al., 2020b), the participant underwent a 50-minute smoking latency
task from the Smoking Lapse Paradigm (McKee, 2009). They were presented with a tray
with a cigarette of their preferred brand (including menthol vs non), a lighter, and a doorbell
to ring if they chose to smoke, else receive $0.20 for every five minutes of refraining

(Pang & Leventhal, 2013). The instructions included that this last portion would be 50
minutes regardless of their choice to smoke or not. Consistent with prior studies (Vena et
al., 2020a; Vena et al., 2020b; Pang & Leventhal, 2013), participants who did not smoke
during the task were coded as 50 minutes (the maximum time value). Following the latency
task, participants completed items on ENDS and other tobacco product use history. These
questions were always presented at the end of the session to minimize focus on ENDS prior
to the cue period.

Cues: Study cues were delivered by a paid confederate trained on standardized cue delivery
in a natural manner with the goal of 8-10 hand-to-mouth movements for each cue. The
control cue was a non-branded 12 oz. water bottle and it was selected since it is a common
oral consummatory behavior with frequent hand-to mouth movements similar to smoking
but neutral in terms of smoking associations (King et al., 2015; Vena et al., 2019; Drboes &
Tiffany, 1997). Products were used in real-time (e.g., confederates did vape the ENDS, drink
the water, etc.) during all cue exposures. For the active cues, the ENDS product ranged from
a 15t generation cigalike (King et al., 2015), 2" generation vape pen (King et al., 2018), 3"
generation mod (Vena et al, 2019; Vena et al., 2020a), and 4t generation JUUL pod-mod
(Vena et al., 2020b). The cigarette cue was a standard combustible cigarette (American
Spirit, Camel, etc.). The ENDS product used for each study was based on primary user
preferences at the time, and devices evolved rapidly over the span of this research program
(Yingst et al., 2019).

2.4 Dependent Measures

The primary dependent measures were the Brief Questionnaire of Smoking Urges (BQSU)
total score and visual analogue scale (VAS) items of desire for “a cigarette (your preferred
brand)” and “an electronic cigarette” each rated from “not at all’ (0) to “most ever’ (100; Cox
et al., 2001). The primary variable from the behavioral smoking task was number of minutes
(i.e., latency) to smoke.

2.5 Statistical Analyses

Analyses were conducted in 2020. Participant demographics and smoking background
variables were compared across the four subgroups using ANOVA or Chi-Square tests,

as appropriate. Generalized estimating equations (GEE) models were employed on the
three main outcomes and examined group, time, and their interactions. Signficant effects
were examined via post-estimation tests with p-values corrected by Bonferroni methods for
multiple comparisons. The analyses were conducted separately for responses to the ENDS
and cigarette cues, and included covariates that differed across the subgroups. Smoking
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latency after the ENDS cues was examined by a Cox Proportional-Hazards model for
survival analysis. Notably, the latency task was conducted in 138 participants after the
ENDS cue phase and in 12 particpants after the cigarette cue phase, thus, for the latter, a
survival analysis could not be done due to the small sample size.

3. Results

Participant (N=264) characteristics across the four subgroups exposed to the ENDS cues are
presented in Table 1. The groups differed on age, education, and race, but not sex, ethnicity,
sexual orientation, negative affect (BDI, STAI-Trait), or alcohol drinking (AUDIT). The
groups did not differ on smoking background; overall, participants smoked slightly less than
a half pack of cigarettes per day on average and had moderate/low nicotine dependence.
Baseline cigarette urge and desire (i.e., craving at the start of the experimental sessions) did
not differ across the groups and was generally in the moderate range. In contrast, baseline
e-cigarette desire was significantly higher in past-month dual users versus all other groups,
and also higher in past-year dual users than lifetime or never ENDS users. Background
characteristics across the groups in the 81 participants exposed to the cigarette cue are
presented in the appendix. They were similar to participants exposed to ENDS cues and the
only variable that differed across subgroups was sex, with lifetime ENDS users having a
higher percentage of females compared with the other groups.

The main results of subjective responses to the ENDS cues are displayed in Figure 1. For
BQSU smoking urge, there was a group by time interaction [X2(9):27.5, p<0.001] such that
the ENDS cues produced increases in smoking urge in all subgroups except for ENDS never
users. These smoking urge increases were relative to the baseline and water cue response
and observed at both the immediate and 20-minute post ENDS cue intervals (post-estimation
tests, ps<0.05; Figure 1A). For cigarette desire in reponse to the ENDS cues, there was a
main effect of time [X2(3):178.4, £<0.001], with the ENDS cues producing increases at
both post-cue intervals across the subgroups (Figure 1B), with no group by time interaction
[x2(9)=9.11, p=0.427].

For e-cigarette desire, past-month dual users reported the greatest desire across all time
points, followed by past-year dual users, lifetime users, and never users [group: X2(3):63.5,
p<0.001]. There was also a significant group by time interaction [X2(9):22.43, p<0.01] such
that the ENDS cues significantly increased e-cigarette desire relative to baseline and water
cue response at both post-cue intervals (post-estimation tests, p5<0.05; Figure 1C) in all
subgroups except for never users.

The aforementioned analyses were repeated with ENDS product type (tank-based vs.
non-tank based) included as a covariate and all main effects and interactions remained
significant. ENDS product type did not influence cigarette desire or BQSU smoking urge
responses (p5>0.46 for main effects and interactions) but did affect e-cigarette desire such
that the non tank-based products produced higher e-cigarette desire than tank-based products
[x2(1)=4.06, p<0.05] for all subgroups [group x cue type, x2(3)=0.29, p=0.961].
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Subjective responses in participants exposed to the cigarette cue are displayed in Figure

2. The cigarette cue significantly increased both smoking urge (BQSU) and desire for a
cigarette at both post-cue time points and across all subgroups [BQSU, time: (X2(3):69.8,
p<0.001; cigarette desire, time: (X2(3):43.8, p<0.001; post-estimation tests, p<.05; Figures
2A, 2B]. Overall e-cigarette desire was higher in past-month dual users compared with all
other groups [group: X2(3):31.2, p<0.001; post-estimation tests, p<.05; Figure 2C], but the
cigarette cue did not evoke increases in this measure for any of the subgroups.

Finally, for smoking behavior, Figure 3 depicts the Kaplan-Meier estimate of survival
function for time to smoke (smoking latency) in response to the ENDS cues across the
subgroups. The Cox Hazard Model indicated that the ENDS cues produced shorter latencies
to smoke in past-month dual users [Hazard ratio = 3.11 (1.43 SE), p=.014] and past-year
dual users [Hazard ratio = 2.67 (1.34 SE), p=.035)] relative to never users of ENDS.

4. Discussion

Findings supported the hypothesis that dual users show heightened ENDS cue reactivity as
evidenced by greater increases in smoking urge and smoking behavior relative to cigarette
smokers who never used ENDS. This higher sensitivity to ENDS cues was evident in dual
users who vaped both in the past month as well as the past year and observed across all
ENDS product type cues, including cigalikes, vape pens, mods, and JUUL. Dual users also
exhibited more sensitivity to ENDS cues in evoking e-cigarette desire; this was particularly
notable as they already exhibited higher baseline e-cigarette desire than lifetime or never
ENDS users. In addition to heightened ENDS cue reacitvity, dual users were similarly
highly sensitive to combustible cigarette cues as non-dual users. Taken together, this is the
first study, to our knowledge, to examine smokers across a range of ENDS use patterns and
results demonstrate that dual users are at a particular disadvantage when exposed to others’
smoking and vaping, as they exhibit pronounced increases in smoking urge and behavior and
higher baseline e-cigarette desire that is potentiated after such exposures.

Dual users’ heightened sensitivity to ENDS cues has important implications for
understanding mechanisms underlying dual use and extrapolation to real-life exposures.
While dual users may have variable access to their personal products (cigarettes and/or
ENDS), they are also likely exposed to product use in certain environmental exposures and
these vary in predictability, intensity, and/or duration. Thus, we may speculate that dual
users, compared with smokers who do not vape, may be more prone to surges in cigarette (or
nicotine) craving due to the prevalence of passive exposures to ENDS. This could negatively
impact an attempt to be tobacco-free as the dual user may be vulnerable to smoke, as

shown in the present study’s latency to smoke data, or use an ENDS product, if available,

in order to relieve cue-induced desire to smoke or vape, thus potentially hampering a quit
attempt. As the studies were cross-sectional in nature, whether enhanced sensitivity to
ENDS cues was pre-morbid or developed as the result of dual use cannot be discerned.
However, as a minority of dual users successfully transition from dual use to exclusive
vaping or abstinence from tobacco products (Coleman et al., 2019; Persokie et al., 2019),
the proliferation of ENDS may decrease the odds of complete product switching and require
additional intervention strategies for treatment success in dual users. Future work should
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examine this possible mechanism of dual use and weigh any impact of ENDS exposure with
the potential net benefit of ENDS for smoking harm reduction.

The present analysis is the first to examine craving responses to an ENDS cue in current
smokers both with and without a history of e-cigarette use. Theoretically, these cues would
not be expected to elicit an appetitive response in exclusive smokers, as shown by their lack
of smoking urge response to ENDS cues, however, at the same time, they did show increased
cigarette desire in response to the ENDS cues. This highlights that ENDS cues could be
generalizable to elicit desire to smoke, even in smokers who have never used ENDS and
regardless of the device type (i.e. cigalikes, vape pens, mods, JUUL, etc.). This may be due
to ENDs sharing features of traditional smoking in termse of hand-to mouth movements and
inhalation/exhalation behaviors. Alternatively, as cigarette desire was assessed using a single
item measure and smoking urge assessed via the 10-item BQSU, different measures may

be more or less sensitive to changes in cue-elicited craving (Cox et al., 2001; Kozlowski
etal., 1996; West & Ussher 2010). Nevertheless, the ENDS cues, despite having evoked a
increased desire for cigarettes in exclusive smokers, produced a significantly longer latency
to initiate smoking, once the choice was given, relative to past-month or past-year dual
users.

As shown in this analysis aggregating data across several studies, there was no evidence

of cross-cue reactivity for the traditional cigarette cue, that is, cigarette smoking exposure
did not evoke desire for e-cigarettes. This observation is supported by our prior work as
well as recent work by Dowd and Tiffany (King et al., 2016; King et al., 2018; Dowd &
Tiffany, 2019), who reported a reduction in e-cigarette craving in dual users exposed to a
lit tobacco cigarette. Although this remains an emerging area of research, one hypothesis
is that smoking is more finely ingrained and portrayed as a distinct behavior from ENDS
use. As we are now entering the second decade of ENDS availability and product use
world-wide, there may be more depictions and experiences of co-use that may conceivably
affect cigarette cues cross-generalizing to e-cigarette vaping desire in the future.

4.2 Limitations

There are numerous strengths of the current study, including a large sample size across
several investigations, a consistent lab paradigm used across studies that has shown
reliability (McKee, 2009; Pang & Leventhal, 2013), and cue exposures that mimic those
often encountered in the natural environment. Still, there are some limitations worth noting.
First, control and active cues were presented in a fixed order with the control cue always
preceeding the active cue. While temporal effects of reponses to the active versus control
cue cannot be ruled out, fixed order is a common approach in cue reactivity studies and
cue studies that have used between-subjects designs have shown similar effects (\ena
etal., 2019; Sayette et al., 2001; Maloney et al., 2016). Second, as this investigation
merged several prior studies, there were differences in ENDS products available and user
preferences over time. Related, detailed data were not obtained on participants’ vaping
history, intensity, and nicotine content. Also, the small sample size for participants exposed
to the active comparison cue, traditional smoking, precluded analysis of smoking behavior
(latency) to this condition. Finally, the current studies cannot address whether dual users
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would have chosen to use an ENDS over a combusted cigarette during the behavioral choice
task, leaving the question of which product would be preferred after ENDS cue exposures.

Dual users exhibited substantial reactivity to ENDS cues such that exposure to ENDS,
regardless of device type (i.e., cigalike, vape pen, tank-based mod, or JUUL) evoked desire
for both ENDS and combustible cigarettes and increased smoking behavior. This study
provides further evidence that dual users are a unique group with distinct mechanisms that
underlie use behaviors compared with exclusive smokers or ENDS users. Still, exclusive
smokers also responded to the ENDS cues, suggesting that cross-cue generalization may
occur regardless of ENDS use history, raising concerns that widespread adoption and use
of ENDS may negatively impact smoking cessation efforts. While use of ENDS may help
some smokers reduce their use of combustible cigarettes (Hajek et al., 2019), dual users
appear especially sensitive to the motivational salience of ENDS use, and this may impair
their ability to resist smoking. Research employing translational, wide-ranging perspectives
is needed to further elucidate the potential factors that underlie dual tobacco product use
and inform targeted cessation interventions for those who wish to quit both ENDS and
combustible smoking.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Smokers who also use electronic nicotine delivery systems (ENDS) are ‘dual
users’

. Past-year dual users show higher baseline ENDS desire than exclusive
smokers

. Reactivity to ENDS cues across product types was heightened in dual users

. Cigarette cue produced similar smoking urge regardless of ENDS use patterns

. ENDS cues produced greater smoking behavior in dual users vs. exclusive
smokers
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Figure 1. Smoking urge, cigarette and e-cigarette desire response to ENDS cues across groups
Data are Mean + SEM. Subjective ratings of smoking urge (A), cigarette desire (B), and

e-cigarette desire (C) occurred on a visual analog scale ranging from 0-100. The time points
include baseline, 5 minutes following delivery of a water cue, and 5 and 20 minutes after
delivery of the vaping cue. *p < 0.05 for 5-min=20-min > Baseline=Water cue
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Figure 2. Smoking urge, cigarette and e-cigarette desire response to the cigarette cue across
groups

Data are Mean + SEM. Subjective ratings of smoking urge (A), cigarette desire (B), and
e-cigarette desire (C) occurred on a visual analog scale ranging from 0-100. The time points
include baseline, 5 minutes following delivery of a water cue, and 5 and 20 minutes after
delivery of the vaping cue. *p < 0.05 for 5-min=20-min > Baseline=Wiater cue; #p < 0.05 for

past month > past year=lifetime=never
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Figure 3. Kaplan-Meier survival estimates.
Survival function for smoking latency (time to smoke) from a Cox Hazard Model in 138

participants who underwent the latency portion of the Smoking Lapse Paradigm twenty
minutes after the ENDS cue phase finished. Subgroups included ENDS never users (n=24),
lifetime users (n=29), past-year dual users (n=51), and past-month dual users (n=34). The
ENDS cues produced shorter latencies to smoke in past-month and past year dual users
(05<.05) relative to never users.
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