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Abstract

Research methods are needed that can predict whether the availability of potential modified risk
tobacco products (MRTPs) may influence smokers’ quit-related motivation, choice, and behavior.
This pilot study assessed the primary outcomes of feasibility and adherence to address this need
using an electronic cigarette (ECIG) as a model MRTP. Cigarette smokers were randomly assigned
to use only their own brand of cigarettes (OB-only) or a second-generation ECIG (18 ng/mL
nicotine) plus their OB cigarettes (ECIG+OB) ad /ibitum for four weeks. Participants logged
products using a mobile device, collected used cigarette filters, and provided saliva samples every
day for analysis of cotinine. They returned to the lab once per week to provide a breath sample and
accept or decline a choice to quit all tobacco products (i.e., cigarettes and/or ECIGS). They also
returned for a one-month follow-up visit. Of those participants randomized (n=60), 56.7%
completed the 4-week intervention and 40.0% completed the follow-up visit. The primary reason
for withdrawal was poor adherence with mobile device use. Comparable numbers of participants
in each group chose to make a quit attempt, although more OB-only participants chose to quit
during the first two weeks and more ECIG+OB participants during the last two weeks. With
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protocol modifications to reduce participation burden, the current method might ultimately be used
by regulators to predict how smokers’ quit-related motivation, choice, and behavior are influenced
by current and future MRTPs.
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INTRODUCTION

The 2009 Family Smoking Prevention and Tobacco Control Act (“The Act”) calls for an
evaluation of Modified Risk Tobacco Products (MRTPs), those purported to reduce the
harms associated with use of traditional tobacco products. The Act specifically notes the
need to understand “the increased or decreased likelihood that existing users of tobacco
products who would otherwise stop using such products will switch” to an MRTP (H.R.
1256). The need for this directive is evidenced by the aftermath of “low yield” cigarette
marketing in the 1950s that encouraged switching: *“ Considering all | heard, I decided to quit
or smoke True®. | smoke True®” .2 Smokers who switched to a light or ultralight brand
were shown more likely to make a quit attempt but less likely to achieve cessation than those
who did not switch.24 This pattern, which was observed even among those who switched
specifically “to quit smoking”,* may have been due to an influence of product use on quit
motivation. That is, an initially high motivation to quit smoking may have been diminished
by the promise of a “healthier” cigarette.> Of course, epidemiological work confirms that
these switchers would have been exposed to the same level of harmful smoke toxicants as if
they continued smoking regular cigarettes.® To prevent a similar scenario, research methods
are needed that can predict whether the availability of potential MRTPs may influence
smokers’ motivation and choice to quit.

One potential MRTP is the electronic cigarette (ECIG), marketed previously to encourage
switching rather than quitting: “ Why quit? Switch to Bin... Nobody likes a quitter, so make
the switch today’ Unlike with low yield cigarettes, switching from cigarettes to ECIGs may
ultimately prove beneficial to smokers’ health.8-10 Unfortunately, however, the most
common form of ECIG use is concurrently with cigarettes.11 At least some work suggests
that smokers who use ECIGs are more likely to make a quit attempt than smokers who do
not use ECIGs.12-15 However, there is mixed evidence regarding whether ECIG use
facilitates16-18. 59-60 or hindersl4-15.19-20 syccessful smoking cessation. One reason for this
latter finding may be that the myriad of ECIG devices are poor substitutes for cigarettes
because they fail to deliver sufficient nicotine and thus fail to suppress the withdrawal
symptoms experienced during cigarette abstinence.21-25 Another possibility, however, is that
ECIG use may diminish smokers’ motivation to quit cigarettes and ultimately postpone or
terminate quit attempts. In turn, delays may further decrease motivation to quit over time®2
and thus decrease the likelihood of success following an attempt to quit smoking.>3
Currently, clinical laboratory studies that address this possibility suggest that ECIG use
increases smokers” motivation to quit smoking, but such studies are limited to single-arm
pilot trials.26-28
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Also relevant is that motivation to quit does not always predict cessation.29-31 The large
majority of smokers report that they are thinking about quitting or are actively preparing to
quit,32-33 though not all actually make a quit attempt and less than 10% of those who do are
successful.3* Thus, methods are needed for evaluating how MRTP availability influences
quit motivation, quit choice, and timing of quit attempts, and how these factors influence
behavior long-term. In order to address this need, this study piloted a method for ultimate
use in evaluating the influence of potential MRTPs on such outcomes using a simple
randomized design. Cigarette smokers were randomly assigned to use their own brand of
cigarettes only (OB-only) or in conjunction with an ECIG (ECIG+OB) ad /ibitum for four
weeks. Once per week, they were asked to accept or reject a formal offer to quit all products
(i.e., cigarettes and/or ECIGs); offer acceptance resulted in enrollment in a cessation
program that included counseling and nicotine replacement therapy. The primary
assessments of our proposed method were related to feasibility and protocol adherence.
Secondary outcomes were quit motivation, quit choice, choice timing, product acceptability,
and cessation behavior.

Inclusion / Exclusion Criteria

Materials

Cigarette smokers were recruited from the community via fliers, online postings, and word
of mouth. Flyers and online postings stated that the purpose of the study was “fo examine
electronic cigarettes’ influence on smoking cessation.” Participants who responded to these
advertisements were told first via telephone that they may or may not be randomized to the
ECIG condition. This fact was then reiterated at the in-person screening during informed
consent.

Inclusion criteria included the following: 18 to 60 years of age; smoking =10 cigarettes per
day for > 1 year; exhaled air carbon monoxide (CO) level of = 10 ppm (Micro* ™basic
monitor; CoVita; Haddonfield, NJ); and Contemplation or Preparation Stage of Change
(indicating interest in a quit attempt within the next 1-6 months).3°. Participants were
excluded if they reported chronic health or psychiatric conditions, past month use of
marijuana = 5 days, past month use of any other illicit drugs, or regular use of ECIGs or
other tobacco products (i.e., = 1 day per week). Also excluded were individuals in the
Precontemplation (no interest in quitting) or Action (actively trying to quit) Stage of
Change.3 Individuals in the Precontemplation stage would be those least likely to join the
cessation program, while individuals in the Action stage supposedly already initiated use of
cessation support and/or made changes to their smoking patterns. Given the pilot nature of
this study, we wanted to maximize the likelihood that participants would choose to make a
quit attempt and enter the cessation program offered during the intervention phase. Females
also were excluded if they were currently breast feeding or tested positive for pregnancy via
urinalysis.

Mobile device hardware/software.—The mobile devices used were BLU Dash 5.0
smartphones (BLU Products; Doral, FL) with an Android operating system and software
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customized for this study (see https://www.utas.edu.au/health/research/groups/school-of-
medicine/behavioural-and-situational-research-group-bsrg/hbart).

ECIGs.—The ECIG consisted of a Kanger mini Protank-11, which is a 1.5 ml Pyrex glass
tank with a drip tip and atomizer head coils (KangerTech; China), and a 3.3 V constant
output, 900 mAh, eGo-T battery (Joyetech; Irvine, CA). The liquid (The Vapor Room, Sky
Vapors LLC, Frostburg, MD) was labeled as 70% propylene glycol and 30% vegetable
glycerin, with a nicotine concentration requested of 18 mg/ml. Independent testing revealed
the actual nicotine concentration to be A/=19.1 mg/ml (SD= 1.9, range = 16.3 to 22.0)
(Bioanalytical Laboratory, Virginia Commonwealth University, Richmond, VA). Participants
were given the option to choose between “TVR tobacco” (35.3%), “555 menthol” (11.8%),
and “wild berry” flavors (23.5%), and also were permitted to switch flavors at each
laboratory visit (29.4% switched from TVR tobacco to wild berry, or vice versa). A 20-mL
bottle of the selected flavor was provided at the initial visit and additional 20-mL bottles
were provided at in-person visits as needed (e.g., when switching flavors or when the
amount in the current bottle was low). A second-generation tank-style ECIG was chosen
because, relative to first-generation models, these models have shown to deliver nicotine
more efficiently and are rated as more satisfying for withdrawal suppression among
smokers.34:43

Saliva samples.—SalivaBio Oral Swabs (Salimetrics, State College, PA) were used for
the collection of passive drool samples, which occurred nightly for the 4-week intervention
period. Abstinence from food and drink was required for one hour prior to sample
collection. During collection, participants were instructed to rinse their mouth with water,
wait 10 minutes, and then place the cotton swab in their mouth for 2 minutes. The swab was
then placed into a plastic vial and stored in the participants’ freezer until their next
scheduled in-person visit. Once returned to the lab, saliva samples were stored at —80°C
until assayed. Cotinine levels were determined by LC-MS/MS using extraction and
processing methods described by Cappendijk and colleagues.* The limit of quantification
(LOQ) was 1 ng/mL.

All study procedures were approved by the Institutional Review Board at West Virginia
University (#1408391899). Using a simple randomized design, participants were assigned to
one of two conditions: only their own brand cigarettes (OB-only) or an ECIG plus their OB
cigarettes (ECIG+OB). For four weeks, participants used their condition-assigned product
ad libitum and attended the laboratory weekly for assessments (Days 8, 15, 22, and 29).
They also completed a follow-up visit at one month post-intervention. Participants were
compensated $50 on Days 8 and 15, $75 on Days 22 and 29, and $25 on the follow-up visit;
therefore, a total of $275 could be earned for completing the entire study.

Baseline (Day 1).—Following informed consent, participants completed several
questionnaires: demographics, medical history, tobacco and other drug use history,
Readiness to Quit Ladder,3® Stage of Change,3 and the Fagerstrom Test of Cigarette
Dependence (FTCD).3’ Eligible participants were then randomized to a condition; those
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assigned to the ECIG+OB condition were given the option to sample all ECIG liquid flavors
available for take-home. Next, subjects received training on all study procedures. For those
in the ECIG+OB group, research staff provided instructions on ECIG device operation (e.g.,
assembly, tank filling, charging) and then observed the participant modeling these same
behaviors as well as puffing on the device. Instructions regarding expectations for ECIG
and/or cigarette use mimicked real world conditions. That is, ECIG+OB participants were
told that they could use the ECIG as much or as little as they wanted, and were not given
specific instructions regarding their cigarette use. Staff instructed all participants to collect
filters from all cigarettes smoked and to store those filters in containers that were pre-labeled
for each day of the week. Third, participants were trained on the collection of saliva samples
that were required each night. Finally, participants were given a tutorial on the use of a
mobile device for real-time monitoring of affect and product use (see below). Participants
left the laboratory with all relevant supplies as well as documents that reiterated the
instructions given for these procedures.

Intervention (Days 1-29).—During the 4-week intervention period, participants used
their condition-assigned product ad /ibitum and engaged with their monitoring device daily.
Using this device, participants were required to log all cigarette and/or ECIG bouts
immediately before the product was used. For a randomly selected portion of these logged
products, participants were further prompted to complete questions that addressed mood,
situational factors (e.g., location, activity), withdrawal symptoms (e.g., craving, irritability),
38 and product-related effects (e.g., tastes good, coughing, throat irritation).3° The number of
prompts randomly selected for these additional questions was based on participants’ self-
reported number of cigarettes per day (CPD) at baseline in order to standardize the number
of prompts across participants, which resulted in approximately 4-5 cigarettes per day
sampled for assessment. All of the questions were measured using a visual analog scale with
a range from O (not at all) to 100 (extremely). Participants also answered these same
questions in response to random prompts that occurred independent of product use
approximately 3-4 times per day. At the end of the day, participants again completed
questionnaires (e.g., withdrawal symptoms, product-related effects), as well as tallied and
logged any cigarettes and/or ECIGs that were used but had not been logged in real-time
during the day. The time to complete each set of assessments varied across participants,
though most required approximately 1-2 min. Thus, participants would have needed to
engage with their mobile device ~ 15 minutes each day. Similar sampling procedures have
been outlined in extensive detail elsewhere.#0-42 Also required during this intervention
period was the collection of all spent cigarette filters and of saliva samples each night before
bedtime, both of which were returned to the laboratory at each in-person visit.

Study Visits (Days 8, 15, 22, and 29).—At the beginning of each weekly visit,
participants returned their spent cigarette filters, saliva samples, and mobile devices. The
devices were checked to evaluate compliance, with a minimum threshold of 80% set for
responses to random prompts. If random-prompt compliance was < 80% for a given week,
staff provided additional device training. Participants were withdrawn from the study if their
compliance was < 80% for two consecutive weeks, if there were large discrepancies between
logged CPD and returned filters for two consecutive weeks, or if they did not interact with
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the device for one week (i.e., did not respond to any random prompts or log any products
used). Next, participants provided an expired air CO sample, completed questionnaires (e.g.,
Readiness to Quit, Stage of Change), and then indicated their choice to quit tobacco. That is,
they formally rejected or accepted a written offer to enroll in our cessation program by
checking a box on the form (“yes” or “no”). To prevent biased responses, participants
completed this form in isolation (i.e., staff were not present in the room). Those who chose
to make a quit attempt met immediately with a Certified Tobacco Treatment Specialist for a
Motivational Interviewing-based session. They also were provided with the “My Path to a
Smoke-Free Future” booklet (Mayo Clinic, Rochester, MN), a two-week supply of nicotine
patch and/or gum, and a referral to the West Virginia QuitLine to receive additional
counseling and pharmacotherapies. Participants assigned to the ECIG+OB condition who
made the choice to quit were required to return their ECIG device and liquid. Regardless of
the choice made, however, all participants were instructed to continue engaging with their
monitoring device and left the laboratory with another week’s supply of materials.

One-Month Follow-up.—One month after the end of the 4-week intervention,
participants returned to the laboratory for follow-up assessments. They reported on their
current use of all nicotine/tobacco products, as well as their quit-related motivation, stage,
and behavior. They also provided a breath sample to test CO level and completed
questionnaires.

Data Considerations and Analyses

Analyses were conducted for those who completed the entire protocol (N=24; n=12 per
group) as well as for those who completed the 4-week intervention but not the one-month
follow-up visit (N=34). Importantly, the pattern of results for primary outcomes — method
feasibility, protocol adherence, and ECIG acceptability — did not differ between these
subgroups of participants; therefore, analyses are presented for the latter group of n=34
(henceforth referred to as “completers™) for these outcomes. For secondary outcomes, results
are presented for both subgroups of participants.

Primary outcomes were those related to method feasibility and protocol adherence.
Feasibility was assessed first by evaluating rates of randomization and attrition. Possible
reasons for attrition were then evaluated by comparing completers and non-completers on
baseline characteristics and frequency of negative side effects induced by nicotine/tobacco
withdrawal and/or the ECIG (percentage of days reported) using chi-square and
independent-samples #tests for unequal sample sizes (0’s < .05). Comparisons between
these same groups were conducted for those assigned to the ECIG+OB condition on mean
ratings of ECIG acceptability and use rates (percentage of days reported out of completed
days, and logs per day). Note that for ECIG use rates, those days after which a participant
returned their device due to their choice to make a quit attempt were not considered in these
calculations. Protocol adherence was evaluated by comparing completers’ logged cigarettes
via the monitoring device to their returned cigarette filters using a Pearson’s correlation and
a paired-samples t-test (p’s < .05). Also examined was participants’ engagement with their
device via percent compliance with random prompts, including as a function of intervention
group and study week.
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Secondary outcome measures included quit choice, timing, and motivation (stage of change,
readiness to change), as well as product use, acceptability, and biological indicators (expired
air CO, salivary cotinine). Given the pilot nature of this work, and thus the lack of statistical
power, these outcomes are summarized using descriptive statistics.

Primary Outcomes

Feasibility.—Feasibility was assessed via randomization and attrition rates. Of the 77
smokers who consented, 17 were disqualified because they failed to meet inclusion criteria:
precontemplation stage of change (n=8), expired air CO level < 10 ppm (n=4), current ECIG
or illicit drug use (n=3), current engagement in smoking cessation (n=1), and inconsistent
reporting (n=1). The 60 remaining participants were randomized into the study groups (30
ECIG+OB and 30 OB-only). Of these participants, 34 (56.7%) completed the 4-week
intervention; 24 (40.0%) also completed the one-month follow-up visit. Of the 26
participants who failed to complete the intervention period, the large majority was
disqualified due to poor compliance with mobile device use. Specifically, 23.1% failed to
respond reliably to random prompts and 53.8% failed to log their product use in real time.
Moreover, nearly half (45.0%) of these 26 participants were disqualified in the first week of
the intervention period. Attrition rates across the two intervention groups were 23.3% ECIG
+0B vs. 20.0% OB-only for Week 1, 10.0% ECIG+OB vs. 10.0% OB-only for Week 2,
6.7% ECIG+OB vs. 16.7% OB-only for Week 3, 20.0% ECIG+OB vs. 13.3% OB-only for
Week 4.

Non-completers did not differ significantly from completers on any baseline characteristic
(see Table 1). The frequency of self-reported withdrawal symptoms and product-related side
effects was also comparable between these groups; the percentage of study days on which
these effects were reported ranged from 75.6% to 97.6% for non-completers and from 64.0%
to 98.5% for completers (p’s > .05). Effects most commonly reported were craving,
irritability, dry mouth, throat irritation, and cough. For those assigned to the ECIG+OB
condition, completers and non-completers provided comparable ratings for items related to
device acceptability, such as satisfying (53.2+£3.8 vs. 50.1+9.0, respectively), pleasant
(50.5£4.0 vs. 51.948.1, respectively), taste good (49.7+4.1 vs. 49.4+6.9, respectively), and
liking (52.2+4.2 vs. 65.4+6.8, respectively). Also for ECIG+OB participants, ECIG use was
logged on 81.2% of completed study days for completers and on 62.7% of completed study
days for non-completers. On the days in which ECIG use was logged, the mean number of
ECIG uses per day was 5.5 (SD = 4.2; median = 5.0; mode = 1.0) for completers and 4.5
(SD = 3.3; median = 4.5; mode = 1.0) for non-completers.

Protocol Adherence.—The average number of CPD between measurement methods of
mobile device logs and returned filters was highly correlated (r=0.70, p < .01) and not
significantly different (4918) = -0.12, p=.909). Collapsed across study days, mean (zSEM)
CPD was 6.9+0.2 for logs and 6.9+0.2 for returned filters. Compliance with random prompts
on the mobile device was 82.9% (SD = 27.6%) for completers; rates did not differ by
randomization group or study week (p’s> .05). Compliance rates for completers ranged
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from 81.4% to 83.9% across weeks for OB-only participants, and from 81.0% to 86.2%
across weeks for ECIG+OB participants.

Secondary Outcomes

Table 2 provides means (SDs) for secondary outcomes (except product acceptability) for
participants who completed all study phases including follow-up (n=24), as well as for those
who completed only the 4-week intervention (n=34). Results for categorical outcomes are
further described below, as are results for product acceptability.

Quit choice and timing.—The number of participants within each group who chose or
rejected a quit attempt are presented in Table 2. For n=24, 7 (50%) participants in both
groups made the choice to quit. For n=34, 9 (45%) and 11 (55%) participants chose to quit
for OB-only and ECIG+OB groups, respectively. For both n=24 and n=34 subgroups, most
OB-only participants that chose to quit did so in the early weeks of the intervention (in
weeks 1-2, 57.1% for n=24 and 66.7% for n=34) while most ECIG+OB participants that
chose to quit did so in the later weeks (in weeks 3-4, 71.4% for n=24 and 81.8% for n=34).

Stage of change.—Figure 1 displays the proportion of participants who advanced toward
or away from quitting, or who remained in the same stage, from Day 1 to Day 28 (n=34) or
to the follow-up visit (n=24). As described previously, all participants were required to be in
the Contemplation or Preparation stage on Day 1 for study enrollment. For the subgroup of
n=34, the majority of participants remained in the same stage regardless of group or quit
status except for OB-only participants who made the choice to quit. For this latter group, the
majority of participants advanced at least one stage toward quitting. This same pattern was
observed for the subgroup of n=24 participants. Also for both n=34 and n=24 subgroups,
participants in the OB-only group who advanced toward quitting were primarily those who
made the choice to quit (83.3% for n=24 and n=34), relative to those who rejected a quit
attempt. For participants in the ECIG+OB group who advanced toward quitting, the number
who accepted a quit attempt (50% for n=24 and 57.1% for n=34) was comparable to those
who rejected a quit attempt.

Product Acceptability.—The percentage of study days during which negative effects
were reported was comparable between groups independent of quit choice status; rates
ranged from 66.1% to 97.4% for OB-only, and from 61.3% to 97.3% for ECIG+OB, across
items (p’s> .05). A similar pattern was observed when quit status within each group was
considered, except for two items. The effects of nausea (56.2% vs. 65.8-75.3%, respectively)
and dizziness (56.9% vs. 63.6-74.7%, respectively) were reported on slightly fewer days for
ECIG+OB participants who made the choice to quit, relative to other subgroups (¢’s < .05).
Mean (£SD) ratings (collapsed across study days) for negative effects also were largely
comparable when examined by group and quit choice status (p’s > .05). For instance, the
two most commonly reported withdrawal-related symptoms were craving (OB-only quit:
75.5+22.7; OB-only no quit: 68.8+25.3; ECIG+OB quit: 67.7+25.6; ECIG+OB no quit:
70.9+25.4) and irritability (OB-only quit: 45.4+32.0; OB-only no quit: 26.6+£28.1; ECIG
+0B quit: 40.0+33.7; ECIG+OB no quit: 34.0+28.7). Also commonly reported were the side
effects of throat irritation (OB-only quit: 38.0+31.3; OB-only no quit: 21.7+24.2; ECIG+0OB
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quit: 36.4+£33.8; ECIG+OB no quit: 38.9+£32.1), cough (OB-only quit: 41.4+34.0; OB-only
no quit: 38.6+£32.6; ECIG+OB quit: 38.1+34.0; ECIG+OB no quit: 55.0+28.3), and dry
mouth (OB-only quit: 46.4+32.2; OB-only no quit: 35.9+31.5; ECIG+OB quit: 48.5+31.9;
ECIG+0B no quit: 44.4+29.8).

Participants in the ECIG+OB condition provided moderate ratings (collapsed across study
days) for satisfying (53.2+£32.3), pleasant (50.5£33.5), taste good (49.7+34.7), and liking
(52.2£35.0). Ratings for these specific items were similar regardless of ECIG+OB
participants’ quit choice status. For other items, however, lower ratings were observed
among those that chose to quit compared to those that did not: harsh like OB (26.5£29.7 vs.
58.0+27.5, respectively), taste like OB (14.3+23.4 vs. 29.4+28.1, respectively), and feel like
OB (17.8+25.0 vs. 30.2+29.0, respectively).

Expired air CO.—In addition to the mean (SD) values provided in Table 2, expired air CO
levels also were categorized based on a pre-defined cutoff of < 8 ppm. When considering
n=24, ECIG+OB participants who met this cutoff at the follow-up visit were 57.1% (n=4)
and 20.0% (n=1) for those that did or did not choose to quit, respectively. For OB-only
participants, 28.6% (n=2) of those who did choose to quit, and 40.0% (n=2) of those that did
not choose to quit, met this cutoff. When considering n=34, ECIG+OB participants who met
this cutoff on Day 28 were observed for 45.5% (n=5) and 14.3% (n=1) for those who did or
did not make the choice to quit, respectively. For OB-only participants, those who met this
cutoff were 22.2% (n=2) and 14.3% (n=1) of those who did or did not make the choice to
quit, respectively.

DISCUSSION

The purpose of this study was to pilot test a method for evaluating the effects of potential
MRTPs, namely ECIGs in the current study, on quit-related motivation and behavior. While
rates of randomization were nearly 80%, those for retention (40%) were on the lower end of
the range reported previously for other smoking cessation studies (23-89.2%).45 Attrition
occurred primarily due to poor mobile device adherence, with 76.9% of non-completers
failing to record their product use and/or complete questionnaires prompted randomly. High
attrition rates may be due to the burden placed on participants in terms of device use
specifically, or in combination with the other daily requirements of cigarette filter and saliva
sample collection. Importantly, attrition did not appear to be a function of product
assignment, as rates were generally comparable between ECIG+OB and OB-only groups for
each study week.

Adherence rates for mobile device use were between 81-86% for those that completed the 4-
week intervention, which parallel those cited previously for smokers required to log their
product use daily for several weeks (85-88%).41-42 Given the high rates of attrition in the
present study due to low adherence with the mobile device, future work may reduce device-
related burden by including more frequent contact with participants in the initial study
week(s) to answer questions and assuage concerns; a compensation schedule designed to
shape device use over time, particularly to increase retention in the early week(s); and/or
short breaks from device use within the assessment period.46-20 Participants also returned a
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number of cigarette filters each day that was highly consistent with the number they logged
in their device, providing additional support for the use of an electronic diary for real-time
measurement of product use.? Therefore, another idea to reduce participant burden might
be to require cigarette filter collection less frequently or not at all given that product counts
would be provided by the mobile device.

Product acceptability in regard to the ECIG device was evaluated to determine whether the
ECIG was related to attrition rates. Importantly, the frequency and magnitude of reported
aversive effects for the ECIG+OB group was comparable to that for OB-only cigarettes.
Both groups commonly reported the nicotine/tobacco withdrawal symptoms of craving and
irritability, and average ratings for such items were moderate-high across weeks. Also
moderate were the average ratings for product-related items such as satisfying, pleasant, and
taste good (~50 out of 100). Thus, this particular ECIG device was less than optimal in terms
of withdrawal alleviation and product enjoyment relative to the OB-only condition. In turn,
one potential limitation of the current study is the use of a specific ECIG model, with a
single nicotine concentration of liquid (18 mg/ml) and limited flavor options. Each of these
factors can influence product acceptability and nicotine delivery.>* Still, average ratings for
withdrawal- and product-related effects were comparable between completers and non-
completers within the ECIG+OB group, suggesting that the characteristics of the ECIG used
here were not related to attrition.

An approximately equal number of participants in each group made the choice to quit in the
present study. However, in the early weeks of the study, 2-3 times as many OB-only
participants chose to quit as ECIG+OB participants. In the later weeks, the opposite pattern
was observed with notably more ECIG+OB participants choosing to quit than OB
participants. If reliable, this pattern of results may suggest that ECIG use delays a quit
attempt, which may negatively impact cessation outcomes.>2-53 More specifically, delays
may decrease motivation to quit over time52 and thus decrease the likelihood of quit success.
During the course of this study, very few participants moved away from quitting based on
changes in their stage of change reports. Still, the number of participants who advanced
toward quitting but rejected a quit attempt was two to three times higher for ECIG+OB than
OB-only participants. On the other hand, a notable portion of ECIG+OB participants
provided an expired air CO level at follow-up in support of smoking abstinence (i.e., 41.7%
ECIG+OB and 33.3% OB-only). Of course, given the very small sample size available for
these analyses, more work is needed to determine whether early measures of use and quit
motivation predict follow-up outcomes.

In addition to high rates of attrition, one specific methodological feature should be
considered when interpreting quit choice results. In the current study, ECIG+OB participants
who made the choice to quit were required to forfeit their device upon entering the cessation
program to prevent confounding the effects of the cessation program (NRT plus counseling)
with those of continued ECIG use. Thus, a choice to quit for ECIG+OB participants was a
choice to quit ECIGs in addition to cigarettes. Among those who rejected a formal quit
attempt, the average CPD was lower for ECIG+OB participants than for OB-only (for both
n=24 and n=34). While inferential statistics were not conducted for this secondary outcome
measure, the pattern might suggest that ECIG+OB participants replaced some of their CPD
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with the ECIG.%2 These same smokers may have delayed a choice to quit over concerns that
their ECIG would no longer be available. Such a concern is unlikely in the real world;
therefore, this design feature might be excluded and/or refined in future work to ensure
external validity.

Another limitation is that, unlike the ECIG devices, cigarettes were not provided free-of-
charge to participants in the OB-only (or ECIG+OB) condition. Similarly, OB-only
participants did not receive an ECIG device. These differences may represent confounds
between groups. Also, the measurement of cotinine prohibited differentiating between
cigarette use and the other nicotine-containing products administered in this study. The
inclusion of other biochemical measures (e.g., tobacco-specific nitrosamines) is thus
warranted. Finally, one particular second-generation ECIG, with a single nicotine
concentration and PG/VG ratio, was used as the exemplar MRTP. While the device/liquid
combination was chosen based on previous work demonstrating significant nicotine delivery
and withdrawal suppression in cigarette smokers,3443 other combinations will need to be
tested in future work. As has been proposed for MRTPs of the past,>® federal regulation of
newer products should be based on science that employs a combination of pre-clinical,
clinical, and epidemiological methods. Unlike pre-clinical methods, those that are clinical in
nature are better able to consider the variability observed with MRTP use in the real world.
Clinical methods also can be adapted quickly for different MRTPs (oral tobacco; 1QOS),
56-58 providing valuable information in a more rapid manner than can be obtained in
epidemiological work. These strengths are highlighted with the specific clinical laboratory
method proposed here, using an ECIG as the exemplar MRTP. Such a method may be
preferred over larger-scale randomized control trials (RCTSs) in which the timing of quit
attempts is not necessarily considered. That is, our inclusion of weekly offers to make a quit
attempt coupled with immediate entry into a cessation program allows for an evaluation of
the timing of smokers’ choice to quit and how that timing influences actual behavior. With
refinement, this method might ultimately be used by regulators to predict how smokers’
choice to quit and the timing of such choices may be influenced by current and future
MRTPs.
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HIGHLIGHTS

. Method to evaluate how MRTPs influence quit motivation, choice, and
behavior.

. ECIG availability may delay quit attempts.
. ECIG availability may not impact cessation outcomes.

. Results need to be replicated with larger sample sizes and a range of devices.
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Figure 1.

Frequency of participants who moved up or down at least one stage, or who remained in the
same stage, from Day 1 to Day 28 (n=34) or to follow-up (n=24) as a function of group and

quit status.

Addict Behav. Author manuscript; available in PMC 2020 December 01.



Page 18

Ozga-Hess et al.

Author Manuscript

sianinb o} pasedwod 0" >d

0T-T aJe Jappe] Ind pue souspusda aunodIN 104 1sa] woisiabe yioq 1oy sebues 9[eds,,

%E'EE
%799

(60) LS
L2095
(e'01) 0'G2

%E'8
(goT) et

(z9)elT
(02) 8T
(56) 5'vE

%E 85
%LT6
%0'SL

%0°05 %8'85
%0°0S % Ty
(1799 (T1)09
(9108 (CaNA
(eer) g2z 811 7'ET
%9'82 %052
(6'6) 0°€T (r'TT) 6°€T
sy 19T (Ty) €9t
(g1 9¢et BT o0YT
(L11) 6'S58 Lz 1ve
%T'65 %8°89
%0°00T %8'€6
%6°06 %ET8

%E'2S %Ly
%T' Ly %0°95
Tn¥9 (T1zo
(To)es (6'1)6°G
(ser) 642 (9¥1) TS
%L°9T %9'vE
(88) vzt (0TT) 6°€T
(VX)R WA (T9) ¥'6T
(8T)6€T (VR Wiras
(g'6) 6'G€ (6°21) 8'9¢
%0°0S %159
%0°00T %0°00T
%Y'v6 %296

%6°¢S
%0'vY

(6'0) 99
(81) €S
(ozm) zve
%9'02
(6'6) €T
(6%) 9T
(8T)0¥vT
(0TT) T'SE
%885
%T'L6
%2 88

uonejdwauo)
uoneledaid
abuey) Jo abels auljaseg

21095 JappeT] und

1095 AN14

(wdd) 09 Jre pandx3y
IOYIUBIN %

POXOWIS SIBIA
Aep/sanarebin
(s1eak) uoneonpa
(s1eak) aby

3N %
o1uedSIH-UON %

AMUM %

% 410 (AS)N

%40 (AS)N % 40 (AS)N

% 410 (AS)N % 410 (AS)N

% 410 (AS)N

(¢1=0) (¢e=u) (91=) (81=U) (9z=u) (re=u)
S181INO-UON s1aInd pueag umQ apaJebio-g  susyedwiod-uoN  sa818)dwiod
s1919|dwo)
SJ11S1181dRIRYI PBle|al-032e(q0] pue oEaEmoEmc auljeseg
‘T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Addict Behav. Author manuscript; available in PMC 2020 December 01.



Page 19

Ozga-Hess et al.

(6'0T€) (0'82¢) (1°2€¢) ('118) (T'262) (0'262) (1°55€) (e'0€8) auIunoD
v'867 1167 L'1€S v'e9y T'LES L'6vS 1°€85 £y6Y
62 L¢ (0e)se w9tTs (T9YS '/ '/ ’/u e/u 9103
pabbo
(6€) L€ (T9)es  (98)zL (g9¢8 (628 (Zedevr (oweie (€9Ter ado
pabbo
(Le)ge Gy (Gros (e (9e)or (6e)es (8€)z8 (v eoT sian14 (0z=u)
pauinlay sJenind
[eloL n-4 ¥ Y99 € 99\ Z 99\ T %98\ g [exoL n-4 T2 EE € 299\ Z 199\ T 499\ 1a yE=U [e10l
1) (e1s9 (1199 (0Tm)e9  (80)09 (T7) (#0) (ro)gs (60095  (#0)8S (0185 (870) und
9L 9'G 8’9 8'G  01ssaulpesy
(9°02) (e€2) (Tv1) (eet) (oT1) (8'6) (e11) (69 7CLT (€'6) w8 rve (69)88T (22T) 00
022 8 82 z9T A4 8.2 9'8T 9'8T 7’61 Jie pasdx3
(8°082) (1°682) (z'81€) (L€82) (5€82) (6'7L2) (T°eve) (5'v62) auunoo
YIS 7209 7’885 6795 £'96¢ 6'6S 0'02S £'T89
(Cardkard Lare (@e)ve (ev)Le B/u B/U B/U e/u 9103
pabbo]
(Te)ey €e)sy (Ows9 (298 (ee) L8 (9 (990t (T9zTT ado
€11 pabbo
(9e) 67 (9e)sy (Ewe9 (19718 9Lt (T'9) (o)zer  (T)ser siafi4 (01=V)
TEeT pauindy  S43INQOUON
(%¢€°89) (weee)y  (e8)T  (%00)0 (%L9T)¢ (%€89) (%0s2)e (%000 (%w9T)z (%L9T)¢ (% pue u)
L L 321042 INO
€71 DL omzsLe @UiLL  BOVL (90) (e tmeL (@D9L ((B0€EL (6'0) 69 (e und
9L 0L Ll T9  O1ssauipesy
(zg) (znte  (06) 79 (zot) (g€1) (v1) (r'sT) (z'21) (091) (9o1) (c9e6T  (TOT) 00
9'8 1L 0TT 6'8T 0'8T 602 T'6T 9Tz 012 Jie pandx3
(6'0T€) (0'82¢) (T°2€¢) (§T18) (T'262) (z'782) (8'5%€) (z'80€) auIunoD
v'867 1167 L'1€S v'eoy T'LES 1625 €165 STYS
€aTts (Te)sy (@219 (19682 '/ '/ '/ e/u 9103
pabbo
(ge)se (r2)es  (s8)s9  (§2)08 (te)ee Wweoovr (0wes (€9¥TT ado
pabbo
0291 (8e)oe (Te)ve (€99t (8e)ey (nT1s  (5e)T16  (SV) 60T sian14 (yT=U)
pauinlay s1811und
[elol n-4 ¥ Y99 € 99\ FAEEINY T %93\ g [eroL n-4 TAEE € 39\ FAEEINY T 99 g ¥Z=u [erol
9103 anvydd NMO

Author Manuscript

‘awl] X snyeis und x dnolo 1oy sawoono Arepuodas 1oj (%) U 1o (Sas) sues|n

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

Addict Behav. Author manuscript; available in PMC 2020 December 01.



Page 20

Ozga-Hess et al.

(oT=U)
S191INOUON
(96°85) (neee)y  (we8)T  (%00)0 (%L9T)C (%¢<°89) (%0s2)e (@000 (%2912 (%L91)2 (% pue u)
L L 8910y2 INO
€1 TDLL omse (@OrL  ®OVL (90) (e TtmeL (@D9L (BOEL (6'0) 69 (e und
9L 0L L'l 19 0] ssaulpesy
(zg) (ezn)1e  (06) 9 (2om) (5e1) (1) (s1) (z'11) (0'91) (oom) (e9)e6T  (TOT) 00
9'8 TL 01T 6'8T 0'8T 602 T'6T 97Te 012 Jie pandx3
(6°01€) (0'82¢) (1°2€¢) (gTT8) (1°262) (z'¥82) (8'sv€) (z'80€) auunoo
7867 T'16Y L'1€S 79y T'L€S 1625 €165 STYS
€aTs (Te)sy (9219 (1962 '/ '/ ’/U e/u 9103
pabbo
(ge)ge r2)es (s8)s9  (s2)o08 (Tedee (weor (ov)es (€9 +TT ado
pabbo]
02971 8e)oe (Tere (€99t @e)ey (@wWts (o166 (G¥V)60T HEIE|
pauinlay
(y1=U)
SExiTe}
[eroL n-4 T2 EENY PR EENNY 2199 PR EEN g [eroL n-4 I2EEN AR EENN 2199 PR EENY ak:! yZ=u
(T1)69 omr9e (6009 (8029 €1 (co9s wDLs (B0FS (80) LS (0)] und
19 6'G 0] Ssaulpeay
(T'6T) (6'TT) (8'vT) (¥o1) (9'9) (D) rst (8'6) (9zm) (eDvoz (B¥1) 00
1'62 922 44 972 6'82 T6T 182 L'Se Jie pandx3
(5°882) (e'v0g) (6°6T€) (L720¢) (5'182) (9°sL2) (z'6v€) (6°862) auunoo
6'9vS 6'219 T'265 6979 €'96¢ 6'8.S 8905 159
e re @®e)er (@wes (@98 '/ '/ ’/U e/u 9103
pabbo
(62)6°€ €e)vy (Le)z9  (6v)8L (8e)ss (99)¥6 (29¢es6 (19)8°6 ado
pabbo]
ey Wwe)sy (6e)e9  (6v) 08 (09) 96 (9°2) 69917 (69)87TT HEIE| (y1=U)
TTT pawiney  S481NOUON
(%1'19) (%eee)9  (wLone (%000 (%TTT)C (%€°99) (%881)e (%0000 (%S2ZD ¢ (%052 ¥ (% pue u)
T 6 821040 UNd
(60972 809L (609L (80)€L (X)} (60)6L (0m9L (L0OV¥L (T7)89 1) und
TL 29 0] Ssaulpeay
(L2 (T°21) (gT1) (821 (ev1) (991) (67€1) (6°01) (69602 (¥6) 02
6°€T A GTT ST 52z 822 €61 8'€C 912 Jie pasdx3
[eroL n-4 T2 EEN € 99 2199 T 99 g [eroL n-4 I2EE € 299\ 2199 T 99 ak! yz=u [e10L
9103 anvydd NMO

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2020 December 01.

3

Addict Behav. Author manuscript



Page 21

Ozga-Hess et al.

(e e (8e)er (egv)zs (298 B/u B/U B/U e/u 9103
pabbo]
(62)6¢€ €e)ry (@ee9 (678L (8e)sL (99v6 (29¢€6 (19) 86 ado
pabbo
(se) Ly re)sy (6e)€9 (6708 (09) 96 (9°2) 69917 (69)87TT siafi4
71T pauinay
(yT=U)
S19INOUON
(%T1°19) (%eee)9  (wLomne  (%00)0 (%TTT)C (%€°99) (%881 e (%000 (%SszD e (%052 v (% pue u)
T 6 8910y2 INO
(6092 ®09L (609L ((BOEL (20 606L (ODIL QOVL (T17)89 ()] und
TL 29 0] Ssaulpeay
(L2 (Ten (§11) (8'21) (e'vT) (997) (6'€T) (6'01) (69)60c  (¥'6) 00
6'€T A gTT ST 52 822 €61 8'€z 912 Jie pandx3
(6°01€) (0'82¢) (1°2€¢) (r118) (1°262) (0'262) (1°55¢) (e°0gg) auunoo
7867 1167 L'1€S 79y T°L€S L'6vS 1°€85 €6y
(62 L¢ (0e)se (w9tTs (T9VS '/ '/ ’/U e/u 9103
pabbo]
(6€) L€ (T9)es  (98)zL (59 ¢e8 (62)8e (zedery (ov)28 (€9 TeT ado
pabbo]
(Le)sz Gy (Gwos Upe9g (9e)9y (6e)es (88 (Sveor HEIE|
pauinlay
(0z=u)
SExile}
[eroL n-4 ¥ Y9 PR EENNY 2199 PR EEN g [eroL n-4 I2EEN AR EENN 2199 PR EENY ak:! ye=u
(VAn9) (e1)89 (T199 (ome9 (8009 (1 (r'0) (ro)gs (609Ss (r0)8s (01) 88 (80 und
9L 9'g 8'G 8'G 0] ssaulpesy
(9°02) (e€2) (TvD) (e2m) (0't1) (8'6) (et (69 21LT (e6) o) vvz (69 88T (221) 00
022 8 82 29T 212 812 9'8T 9'8T 7'6T Jie pandx3
(8°082) (1°682) (z'81€) (L€82) (5e82) (67L2) (T°eve) (5'¥62) auunoo
7S 7209 2’885 6795 €'96¢ 6'6€S 0028 1789
waee Lare (@ore (EwLe '/ '/ ’/U e/u 9103
pabbo
(Te)dey  (€e)sy (Owsy (2978 (ee) L8 (#9) (Lz9)oor (T9cTI ado
€11 pabbo]
(9e) 61 (9e)sy (Ewe9 (19718 (VX WAns (9 (o)zer  (T)seT sia!
TeT pauimay
[eroL n-4 T2 EEN € 99 2199 T 99 g [eroL n-4 I2EE € 299\ 2199 T 99 g yz=u [e10L
9103 anvydd NMO

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2020 December 01.

3

Addict Behav. Author manuscript



Page 22

Ozga-Hess et al.

‘uonUBAIRIUI YaaM- 8y} Burinp weBold uo1lessad syl Jaua pue 033eqo} 1nb 01 8910YD [ew.o} & axew (,,SI8NINOUON,,) 10U pIp Jo (,s18nInd),.) PIP 0ym asoy} a1am syuedionred
‘UOINPUOD YIBa UIYHAA HSIA dN-MOJ|0J YIUOW-3UO BY} PUB UORUBAJBIUI %38M-7 dU} PaIajdwiod #Z=U 8[IUm UOIUBAISIUI XaaM-i 8y} pa1a|dwod yE=U ‘UonIpuod Apnis 0} paziwopuel sjuedionted asoyl 4O JoN

(T1)69 omr9e (6009 (8029 €1 (c09s wDLs (BOFS (80) LS ()] und
79 6'S 0] Ssaulpeay
(T'6T) (6'TT) (8'vT) (¥o1) (9'9) () rst (8'6) (9zm) (eDvoz (B¥1) 00
1'62 922 44 972 6'82 T'6T 1'82 1’2 Jie pandx3
(5'882) (e'70€) (6'6T€) (£720€) (5'182) (9'522) (z'6v€) (6'862) auIunod
6'9vS 6'219 T'265 6979 €'96¢ 6'8.S 8905 159
[eroL n-4 ¥ 499 € 99 2199 T 99 g [eroL n-4 T2 EE € 299\ 2199 T 99 g yZ=u [exol
9103 anvydd NMO

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Addict Behav. Author manuscript; available in PMC 2020 December 01.



	Abstract
	INTRODUCTION
	METHOD
	Inclusion / Exclusion Criteria
	Materials
	Mobile device hardware/software.
	ECIGs.
	Saliva samples.

	Procedures
	Baseline (Day 1).
	Intervention (Days 1-29).
	Study Visits (Days 8, 15, 22, and 29).
	One-Month Follow-up.

	Data Considerations and Analyses

	RESULTS
	Primary Outcomes
	Feasibility.
	Protocol Adherence.

	Secondary Outcomes
	Quit choice and timing.
	Stage of change.
	Product Acceptability.
	Expired air CO.


	DISCUSSION
	References
	Figure 1.
	Table 1.
	Table 2.

