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Abstract

Background: Nicotine vaping among youth has increased, warranting concern from tobacco
control proponents. Many youth who vape indicate interest in quitting; however, few empirically
supported vaping cessation interventions exist. This pilot feasibility study adapted an established
behavioral intervention, contingency management (CM), delivered via telehealth to promote
vaping cessation among young adults.

Methods: Participants (N=27; ages 17-21) vaping nicotine regularly were recruited via social
media and digital advertisements from across the US (June 2020 - January 2021). Participants
were randomized at approximately 4:1 to CM or Monitoring control (22:5). CM was delivered
through DynamiCare Health’s smartphone app for 4 weeks, in which financial incentives
were delivered contingent on abstinent cotinine samples after the quit day until the end of
treatment (EOT; Days 7-28; 10 expected submissions). Control participants earned incentives
for submitting cotinine, regardless of abstinence. Feasibility, acceptability, and abstinence was
collected throughout treatment, at EOT, and at 1-month follow-up.
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Results: The majority of enrolled participants completed treatment (Monitoring: 5/5; CM:
20/22), and intervention components were rated favorably overall (>80%). CM participants
submitted 112/220 (55%) abstinent cotinine samples throughout the quit attempt, while the
Monitoring group submitted 4/50 (8%) negative samples. There were no differences in abstinence
between groups at EQOT or follow-up.

Conclusion: This pilot study of a telehealth-based youth vaping cessation intervention
demonstrated preliminary feasibility and acceptability. These results suggest that CM for young
adult vaping cessation, delivered remotely, is a promising direction for future work and fully
powered trials are warranted to assess intervention efficacy.
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1.0

Introduction

Use of nicotine-containing electronic (e-)cigarettes (i.e., vaping) among adolescents and
young adults has increased over the past decade, generating concern (U.S. Department of
Health and Human Services, 2018). Estimates from 2020 suggest an increase in vaping
prevalence from 2019, with 12.5% of 8t graders, 19.3% of 10t graders, and 24.7% of
12t graders reporting past 30-day vaping (Cornelius et al., 2020; Johnston et al., 2021;
Wang et al., 2020). In 2019, 28.5% of college students reported vaping in the past 30
days (Schulenberg et al., 2020). Nicotine vaping among youth has likely been maintained
by the heightened popularity of new disposable flavored products into the market (Wang
et al., 2021). This trend has garnered concern from public health advocates, schools, and
parents (U.S. Department of Health and Human Services, 2018). Estimates from 2021 show
a decrease in past 30-day use (11.3% of high school students and 2.8% of middle school
students), which is encouraging, but may be a result of restrictions due to the Covid-19
pandemic.

Nicotine vaping among youth has been associated with higher odds of developing nicotine
dependence, transitioning to combustible tobacco use (National Academies of Sciences
Engineering and Medicine, 2018; Soneji et al., 2017), and/or use of multiple tobacco/
nicotine products (Hair et al., 2019; Huh and Leventhal, 2016). Concerning health effects
associated with nicotine vaping include respiratory irritation, increased risk or exacerbation
of substance use initiation and transitioning to problematic use, and psychiatric symptoms
(Audrain-McGovern et al., 2018; Becker and Rice, 2021; Hershberger et al., 2020; Park

et al., 2020). Strategies to reduce and prevent youth vaping uptake have included school-
based programs, mass media campaigns, and public health policy (e.g., banning certain
flavors, raising the minimum age to purchase) (Liu et al., 2020); however, the prevalence
of initiation and regular use remains high. Those who transition to regular vaping report
feeling dependent on the products and face challenges in quitting (Amato et al., 2021).
Nearly half (44%) of adolescents ages 12-17 report interest in vaping cessation, and 25%
reported unsuccessful past year quit attempts (Smith et al., 2021). This demonstrates a need
for youth-focused vaping cessation interventions.
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To date, few empirically rigorous and fully powered vaping cessation intervention trials have
been conducted. One prospective trial of adults showed promising results for varenicline

to facilitate cessation of both cigarettes and e-cigarettes (Hajek et al., 2019). However,
medication trials of varenicline for youth smoking cessation have failed to demonstrate
comparable efficacy as in adults (Gray et al., 2019; Gray et al., 2020). This suggests that
age-tailored treatment approaches may be required, such as emphasizing behavioral skills
and strategies administered via telehealth for greater reach and accessibility. Others have
recommended that interventions for this age group incorporate salient elements provided via
mobile phones, including text messaging, interactive applications, and gamification (Berg
etal., 2021). Recently, a vaping cessation support and skill-building intervention delivered
via texting (This is Quitting (Graham et al., 2021; Graham et al., 2019)) achieved a 24.1%
self-reported abstinence rate among young adults (ages 18-24) compared to 18.6% in the
control group (OR = 1.39; 95% CI 1.15-1.68; p < .001). Other text platforms provide
cessation support, but a majority focus on general tobacco use and do not specifically
address vaping (Liu et al., 2020). Tailoring treatments to vaping specifically may increase
effectiveness by providing messaging and skills related to the unique aspects of vaping, such
as the product components, ubiquity of use, and social conditions.

Adapting well-established smoking cessation and other substance use treatment approaches
to address vaping is a worthwhile extension to facilitate evidence-based treatment
development and dissemination. Contingency management (CM) is an established
behavioral intervention that has been used successfully to treat substance use disorders,
including tobacco use (Prendergast et al., 2006; Secades-Villa et al., 2020). In CM,
reinforcers that maintain drug use are diminished through the reinforcement of abstinence,
typically administered as generalized reinforcers in the form of financial incentives. Meta-
analyses from contemporary trials of CM delivered through telehealth have demonstrated
efficacy for treating substance use disorders (Getty et al., 2019).

CM for smoking cessation has been successfully implemented among youth (Krishnan-
Sarin et al., 2006; Reynolds et al., 2008; Reynolds et al., 2015; Roll, 2005), while
advancements in telehealth platforms may be utilized to increase treatment accessibility
(Dallery et al., 2019). Indeed, a recent single-case design pilot study of CM for vaping
cessation (N=8) delivered remotely was shown to be acceptable and promoted abstinence
for a brief 2-week duration among a sample of college students (Raiff et al., 2021).
Behavioral telehealth interventions are appealing for youth vaping cessation, as they may
increase reach by utilizing established platforms that streamline the CM procedures. For
example, DynamiCare Health (DynamiCare Health Inc., 2021) is a commercially-available
mobile app that promotes recovery from substance use via remote CM delivery. The

app is enabled with video capture for the collection of saliva and/or breath drug/alcohol
tests for specific substances and then delivers contingent incentives for abstinence shortly
thereafter (generally within a few hours). DynamiCare has demonstrated utility for alcohol
use disorder (Hammond et al., 2021) as well as smoking cessation in special populations and
as part of a substance use disorder outpatient program (DeFulio et al., 2021; Kurti et al.,
2020), but has not yet been adapted for youth vaping cessation.
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The primary goal of this pilot study was to conduct a feasibility and acceptability trial

of CM delivered via telehealth for youth/young adult nicotine vaping cessation. Given

the challenges of implementing youth tobacco cessation interventions (e.g., recruitment,
retention, missing data, accurate self-report) and treating youth smoking effectively (Diviak
et al., 2004; Piper et al., 2019; Sussman, 2002), pilot feasibility and acceptability trials of
intervention procedures are necessary to establish rationale for larger trials. Additionally,
vaping cessation and reduction outcomes were evaluated to determine the potential
therapeutic signal of CM compared to control. This aim, however, was exploratory due

to small sample size and imbalanced randomization groups. CM is an established behavioral
intervention for promoting abstinence from substances and was used in the current trial

to address the public health concern of youth vaping, which currently has limited evidence-
based treatment options. Further, the intervention was delivered via telehealth to improve
reach and access of the intervention, thus contributing to the novelty of this work.

2.0 Methods

2.1 Participants

Participants were recruited locally in the Charleston, South Carolina (SC) area and from
across the United States (US) using social media platforms (Facebook, Instagram) and
online advertisements (Craigslist) from June 2020 through January 2021. Advertisement text
included the study age range and that this was a remote treatment study for nicotine vaping
(e.g., ready to quit, treatment provided, interested in quitting, etc.). Online and social media
posts targeted regional cities for recruitment, as well as larger cities in the US. Inclusion
criteria were ages 12-21, vaping nicotine at least 25 days/month, interest in quitting vaping
(defined as at least a 5 on a 10-point scale), and access to a smartphone or computer with
webcam. The age range for this study (12-21) was intentionally broad to be inclusive of
those with high rates of current vaping prevalence based on national estimates (Johnston et
al., 2021; Schulenberg et al., 2020). Further, the primary goal was feasibility and the defined
age range allowed for testing of procedures and the intervention broadly across the age range
to inform a larger trial. Developmentally appropriate interventions for vaping are likely
needed for this age range but given that the primary aim was feasibility and acceptability, a
larger age range was appropriate.

Participants over the age of 18 provided consent through telehealth procedures and assent
was obtained from minors. Informed consent included a video visit with the participant (and
parent/guardian, if under 18) while reviewing the informed consent via REDCap (Harris et
al., 2009) or Doxy.me. REDCap (Research Electronic Data Capture) is a secure, web-based
software platform designed to support data capture for research studies and can be used to
obtain eConsent. Doxy.me is a telemedicine platform that allows for forms to be sent and
completed during video visits. Electronic forms were digitally signed on either platform by
all applicable parties and PDF copies were emailed to participants upon completion.

Participants were asked to confirm current nicotine vaping via a positive salivary cotinine
test during the pre-enrollment period. Participants were excluded if they were using any
other nicotine-containing product or had a serious physical or mental health condition that
would impact safety or compliance with participation. Participants were compensated $10
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for completing the screening visit and $5 for completing the pre-enroliment saliva cotinine
sample.

A total of 88 callers responded to study advertisements, of whom, 30 were ineligible
(34%). Of the remaining 58, 3 were lost to follow-up before scheduling a screening
appointment, 7 were screened after enrollment goals were met, and 20 did not show for
their remote screening visit. A total of 28 participants signed consent (32% of callers), and
one participant screen failed and was not included (total enrolled N=27).

2.2. Study Design and Randomization

As the primary aim of this pilot study was to assess feasibility and acceptability of the
intervention, eligible participants were randomized at approximately 4:1 to either the CM or
Control (Monitoring) condition, respectively (22:5). The CM and Monitoring interventions
were delivered via the DynamiCare Health mobile app. Participants were mailed saliva

test collection kits (instant-read Alere iScreen® Cotinine Oral Fluid Screening Device;
cut-off <30 ng/mL) and downloaded the DynamiCare app at their Day 0 (randomization)
visit. Every 2-3 days during the treatment period, the app prompted participants to submit
videos of the entire saliva cotinine test and result (3-4 times per week). Once prompted,
participants had 12 hours to complete the sample. DynamiCare staff reviewed videos within
12 hours of submission (though generally within a few hours when submitted during
business hours). Participants were alerted of the result and immediately earned incentives
for either abstinence (CM group) or sample submission (Monitoring group) (delivered via
reloadable debit cards).

To augment the CM intervention and provide skills-based resources and content during the
vaping quit attempt, all participants were provided with information for 74is is Quitting
from the Truth Initiative (Graham et al., 2021; Graham et al., 2020a; Graham et al., 2020b).
This SMS text-based program is free of charge but does use the participants’ text messaging
service rates. Participants were encouraged to enroll in this program during their first week
in the study (Day 0) to support their vaping quit attempt and were emailed information about
the service.

The study design is shown in Figure 1. At Days 0, 3, and 6 (pre-quit attempt), participants
submitted cotinine samples and were compensated for successful submission ($5 each; $15
total for pre-quit attempt submissions), regardless of the result. Pre-quit cotinine samples
were completed to establish competency with procedures prior to the quit attempt. All
participants were asked to make a vaping quit attempt on Day 7. During treatment (Days
7-28), participants submitted saliva samples 3-4 times per week (samples prompted every
2-3 days) and at end of treatment (EOT [Day 28]; 10 total quit attempt submissions).
Participants in the CM group were compensated $20 per abstinent saliva sample submitted
during the quit attempt and EOT (Days 7-28; 10 quit attempt samples; $200 possible),
whereas participants in the Monitoring condition were compensated $20 for sample
submission, regardless of abstinence (10 quit attempt samples; $200 possible). Participants
also completed mobile daily dairies that assessed vaping and use of other tobacco/nicotine
products via REDCap (Harris et al., 2009; Tomko et al., 2019) and weekly assessments
and questionnaires. Following the EOT (Day 28) visit, participants completed a 1-month
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follow-up assessment (Day 56). Participants could earn a total of $310 maximum for
study participation, including abstinence or submission incentives ($200), pre-quit saliva
submissions ($15) and for study visits ($95; screening, weekly phone assessments, follow-
up assessments).

2.3 Outcomes

2.3.1 Feasibility and Acceptability—Feasibility was assessed by; 1) the number of
participants who completed the EOT and follow-up visits, 2) the number of saliva samples
submitted, and 3) the number of weekly study visits completed. Ease of using the mobile
app was rated using the System Usability Scale (SUS) (Sauro, 2011). Total SUS scores
range from 0-100 with recommended scores of 84.1 or higher representing highly favorable
usability ratings (scores above 68 are above average and any score above 80.3 is among

the top 10%). Acceptability was assessed by asking participants to rate agreement with the
following items: “I liked using the DynamiCare app”; “The video upload process worked
well”; “I would definitely use this app in the future”; “I liked the reloadable debit card as a
way to get my study compensation”; “Participation in this study improved my confidence in
quitting vaping; “This study made me feel more in control of my vaping”; and “I used the
text-based program “This Is Quitting’ during my quit attempt” (Graham et al., 2021) on a

1 (strongly disagree) to 5 (strongly agree) Likert scale. Responses of “strongly agree” and
“moderately agree” were collapsed to indicate favorable endorsement.

2.3.2 Abstinence and Quit Attempts—\Vaping abstinence was determined by a
negative saliva cotinine test (cut-off < 30 ng/mL). The cut-off for this particular test is higher
than more conservative biochemical recommendations to verify abstinence (Benowitz et al.,
2020), but the test is easier to use and better liked by participants than other commercially
available instant-read salivary cotinine tests (Raiff et al., 2021). Samples results are also
easily verified over video, which was the primary means of sample submission and
collection in this study. Quit attempts were determined by self-reported endorsement of the
item “I attempted to quit vaping today.” Missing cotinine samples and self-report responses
were coded as not abstinent or did not try to quit, respectively. At the 1-month follow-up
(Day 56), participants were asked the same questions and reported if they had vaped or
reduced their vaping since the Day 28 (EOT) visit (“Have you reduced your e-cig use?”
Yes/No), but no cotinine sample was collected at this visit.

2.4 Analysis

Descriptive statistics for sample characteristics, feasibility, and acceptability were computed.
Independent samples t-tests were used to determine differences in number of abstinent
cotinine samples between treatment conditions following the quit day. Chi-square tests

were used to determine differences in proportions of participants who made or did not

make quit attempts at the weekly assessments. Given the preliminary nature of intervention
development, small sample size, and the oversampling of intervention participants, we
emphasize effect sizes (Cohen’s dand Phi (¢)) throughout. Missing data were coded as
vaping (not abstinent) or no attempt to quit or reduce vaping.
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3.0 Results

3.1 Study Participants

Of the 28 participants who were consented, 27 were eligible (1 did not submit positive
cotinine sample at pre-enrollment and was excluded) and randomized to CM (n=22) or
Monitoring (n=5). Characteristics of enrolled participants are presented in Table 1. Only
one participant (out of 27 enrolled) was under the age of 18. A majority were local (57%
Charleston, SC area, 11% elsewhere in SC) and 32% resided in other states. Given that this
was a pilot study that oversampled to the intervention condition, we did not formally assess
baseline differences, though Table 1 shows demographics separated by treatment group.

Overall, participants reported vaping for approximately 2.5 years (M=31.1 months,
SD=16.0) prior to enrollment. The most common vaping devices reported were replaceable
cartridge/pod systems (e.g., JUUL®, n=15, 56%) and disposables (e.g., Blu® disposable,
n=8, 30%), with 71.4% (n=20) reporting nicotine content as 4.6-5.0%. Most participants
reported daily vaping (n=18, 67%), vaping a mean of 19.8 (SD=14.9) episodes per day, with
each vaping episode lasting an average of 6.5 minutes (SD=13.4) and 7.7 puffs (SD=11.7)
per episode. A majority reported having made a serious vaping quit attempt (at least 24
hours) in the past year (n=21, 78%).

3.2 Feasibility and Acceptability

A majority of participants (25/27; 93%) completed the Day 28 EOT visit, and 89% (24/27)
completed the Day 56 follow-up visit. Two participants in the CM group (2/22; 9%)

were lost to follow-up during treatment (prior to Day 28) and 1 participant in the CM
group (1/22; 5%) was lost during post treatment (prior to Day 56). All participants in

the Monitoring group (5/5) completed treatment and follow-up. Overall, 94% (203/216)

of all study visits were completed across both groups (8 visits per participant, including
the pre-enrollment saliva sample). During treatment, 80% (280/351) of scheduled cotinine
samples were completed.

Among treatment completers, the mean SUS score was 83.1 (SD=15.5), indicating that
the mobile app was rated as having moderately to highly favorable usability. Although

not statistically significant, those in the CM condition rated app usability as higher (86.8
[SD=11.2]) than the control group (69.0 [SD=22.3]; shown in Table 2). The intervention,
mobile app, debit card to deliver incentives, and study were favorably rated by participants
in both groups (Table 2). Only 36% of participants (7/20 CM and 2/5 Monitoring) reported
signing up for and using 7//s is Quitting (Graham et al., 2021).

3.3 Vaping Outcomes

Vaping outcomes are shown in Table 3 for all randomized participants. Out of 10 possible
cotinine samples during the treatment period (Days 7-28; 270 expected samples for 27
participants), participants in the CM group provided, on average, 5.5 (SD=4.4; 122/220;
55.4%) negative (i.e., abstinent) samples, whereas those in the control group provided a
mean of 0.8 (SD=1.30; 4/50; 8%; t(22.78)=—4.26, p<.001, ¢=-1.15). At the Day 28 EOT
visit, no significant differences were found between the CM and monitoring groups on
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proportion of abstinent participants (13/22 [59.1%] in CM vs. 2/5 [40%] in Monitoring, with
missing data coded as not abstinent; p=0.43; ¢=15). When asked if participants had made

a quit attempt on Day 7 (target quit day), Day 14, or Day 28 (EOT), chi-square tests did

not show significant differences (¢s ranged from .03-.34) between quit attempt endorsement
for the CM group (n=20/22, 17/22, 14/22, respectively) compared to the Monitoring group
(n=3/5, 3/5, 3/5, respectively).

At the 1-month follow-up (Day 56), 9/22 (41%) in the CM group and 3/5 (60%) participants
in the Monitoring group endorsed a vaping quit attempt since EOT (p=.44, ¢= —.15). When
self-reported abstinence was assessed at follow-up, 6/22 (27%) and 1/5 (20%) reported
abstinence from vaping since EOT (p=.72, ¢= —.06). This was not biochemically verified,
and participants lost to follow-up were considered to be vaping and not having made a quit
attempt. Participants reported reductions in vaping since EOT (10/22 [45%] of CM and 4/5
[80%] of Monitoring; p=.16, ¢= —.27).

Finally, participants were asked to report on the use of other tobacco/nicotine products
through mobile daily diaries throughout the study. During treatment, use of other tobacco/
nicotine products was endorsed by 6 participants on 20 out of 715 sampled days

(3%). During the follow-up period, other tobacco/nicotine products were endorsed by 2
participants on 24 out of 678 days (4%).

4.0 Discussion

This pilot study aimed to evaluate feasibility and acceptability of a telehealth-delivered

CM intervention among young adults who were vaping regularly and were interested in
quitting. Even as a small feasibility study, comparisons between those randomized to a CM
intervention group (n=22) vs. Monitoring controls (n=5), suggest that: 1) most participants
were retained in the study through the Day 56 follow-up (Monitoring: 5/5 and CM: 19/22),
2) many endorsed high ratings of acceptability of the treatment and study procedures,

3) there was preliminary support for the 28-day CM intervention, as evidenced by 55%
(122/220) of submitted cotinine samples being negative in the CM group. The present study
represents an extension of CM, a well-established treatment (Davis et al., 2016; Notley et al.,
2019; Secades-Villa et al., 2020), to address nicotine vaping, which has currently surpassed
all other forms of tobacco as the most popular product used by youth (Johnston et al.,

2021). Study procedures also addressed a critical research demand (Dallery et al., 2019;
Davis et al., 2016) by capitalizing on telehealth technology to broaden reach and facilitate
important study measures to improve rigor, including biochemical verification of vaping and
abstinence.

Outcomes related to vaping cessation were exploratory and should be interpreted with the
utmost caution given the small sample size, imbalanced active and control groups, and the
sample of highly motivated older e-cigarette users that were enrolled in the study. This
pilot was not powered to detect clinically meaningful group differences in cessation-related
outcomes (negative cotinine, quit attempts, days of abstinence, etc.), and overinterpretation
of small sample sizes has implications for rigor and reproducibility (Button et al., 2013).
Abstinence results, in their current form, likely have minimal impact for application to the
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greater population of youth who are vaping, though feasibility and acceptability data are
promising and may inform future trials. Outcomes suggest that CM for young adult vaping
cessation, delivered via telehealth, is a worthwhile intervention to further adapt and properly
evaluate in a larger randomized clinical trial with vaping cessation as the primary outcome to
produce more statistically reliable estimates of intervention effects.

While CM may motivate quit attempts and promote short-term abstinence, additional
intervention components and design features may be needed to maintain sustained
abstinence and support intervention durability. One recent qualitative study found that
adolescents who considered quitting vaping did so due to acute, proximal physical

effects and health concerns (e.g., decreased sports performance). However, barriers to
quitting included experiencing withdrawal symptoms as well as social norms and cues
that promote vaping (Kong et al., 2021). Future CM vaping cessation interventions may
include components that address health concerns, withdrawal, as well as including aspects
that address satisfaction from vaping and maintaining abstinence in challenging social
situations. Interventions that also address related psychosocial needs of youth may enhance
the outcomes of treatment. Further, motivation enhancement techniques may be used to
appeal to those who are currently ambivalent about quitting. The sample in the current
trial was highly motivated to quit vaping, which should be considered when interpreting
outcomes. A larger trial may provide the opportunity to assess the relationship between
baseline mativation to quit and outcomes of treatment.

Behavioral interventions that can be delivered via telehealth have appeal for this population,
may address barriers that typically hinder youth engagement in interventions (e.g.,
transportation, privacy concerns, etc.), and may aid in study retention. Overcoming these
challenges broadens access to those who live in otherwise hard-to-reach areas. In the present
study, most participants resided in-state and within the Charleston area (57%). We speculate
that may be due to regional recognition of the health system (MUSC) and a larger, national
study would likely have greater representation across the US. Even within this study, we
recruited 43% from outside of our immediate geographic area, which is encouraging for
future work. Taken together, these findings extend prior work that has shown promise for
remotely delivered CM interventions in promoting behavior change (Getty et al., 2019; Raiff
et al., 2021) and demonstrates that this is a promising intervention to further pursue for
youth vaping.

Beyond the need for a larger and more diversified study sample, there are several challenges
and limitations to the present study that may be addressed with a fully powered clinical

trial or alternative study design. First, CM tends to be a resource-heavy intervention, both

in costs and staff time, which makes adoption and dissemination challenging. Continued
improvements in technology, such as those used by the present study, can help bridge this
gap to deliver extended support over time, which can increase treatment effectiveness (Davis
et al., 2016). Several options exist to make CM interventions potentially more affordable
and scalable: 1) “fishbowl!” approaches, in which abstinent participants randomly draw
from a pool of varying incentives (Branson et al., 2012; Petry and Bohn, 2003), 2) group
contingencies, wherein incentives are delivered based on group performance (Dallery et al.,
2015; Dallery et al., 2019), or 3) use of non-financial incentives (e.g., special privileges,

Drug Alcohol Depend. Author manuscript; available in PMC 2023 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Palmer et al.

Page 10

vouchers). Sustainability of CM interventions require consideration of incentive costs and
stakeholders who would cover costs. On a smaller scale, CM could be funded through
internal mechanisms (e.g., within a school or institution) or as part of deposits from the
individual or family member (Ryan-Pettes et al., 2020). On a larger scale, programs may
have to rely more heavily on nonfinancial incentives or collaborate with larger systems (e.g.,
insurance providers) to cover the cost of incentives and the delivery platform.

Second, our age range for inclusion was broad (12-21), though recruitment was successful
among mostly 18-21 year olds, which is consistent with trends that show increased
prevalence of vaping with age (Johnston et al., 2021; Schulenberg et al., 2020). Enrollment
of participants under the age of 18 was low (n=1 out of 28 enrolled), which could be due
to hesitancy to disclose vaping to parents, which was required to consent. The challenge
in recruiting minors is consistent with prior adolescent tobacco cessation trials (Diviak

et al., 2004), thus representing an area for improvement in future trials. Third, vaping
cessation research would benefit from biochemical verification specific to nicotine vaping
(Hiler et al., 2020) to indicate abstinence from vaping and differentiate from other tobacco
or nicotine product use (combustible cigarettes, nicotine replacement, etc.). Indeed, our
cut-off for biochemical verification was slightly higher than what has been recommended
(Benowitz et al., 2020), but is preferred (compared to other available tests) among youth
engaging in vaping cessation (Raiff et al., 2021). Finally, our control group (Monitoring)
was intentionally under sampled to better assess acceptability and feasibility in the CM
intervention group.

4.1 Conclusions

A pilot intervention of contingency management for vaping cessation delivered via
telehealth was shown to be feasible and acceptable among highly motivated young

adults (ages 17-21) who were vaping nicotine regularly. Given potential feasibility, these
results provide a foundation from which future research may implement more rigorous
methodology to assess efficacy, engagement, reach, while also considering motivation

for vaping cessation. Vaping cessation outcomes were explored and showed preliminary
evidence of an effect; however, this should be tested in a fully powered trail prior to
drawing conclusions regarding the efficacy of CM for young adult vaping cessation. Future
research should expand on telehealth-delivered CM platforms in larger clinical trials, while
including additional treatment elements to bolster long-term abstinence and improve cost-
effectiveness. Effective interventions that promote vaping cessation among youth is an
important component of tobacco control that increases public health benefits and warrants
further evaluation.
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Highlights

. We evaluated a short-term remote vaping cessation intervention for young
adults

. 24/27 (89%) participants completed the 2-month study
. Intervention components were rated favorably overall (>80%)
. The CM group submitted 112/220 negative cotinine samples during treatment

. Telehealth-delivered CM for young adult vaping cessation is a promising
future area
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Figure 1.
Study design and procedures.
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Participant demographics and vaping characteristics for the full study sample (N=27) and separated by

treatment group (CM or Monitoring).

Full Sample (N=27) CM (n=22) Monitoring (n=5)
Age — Mean (SD) 20.3 (1.2) 19.9 (1.2) 20.6 (0.5)
Gender — N (%)
Women 18 (66.7) 15 (68.2) 3(60)
Men™* 9(33.3) 6 (27.3) 2 (40)
Race — N (%)
White 24 (88.9) 19 (86.4) 5 (100)
Asian 2(7.4) 2(9.1) 0
Multi-racial 1(3.7) 1(4.5) 0
Ethnicity — N (%)
Hispanic 4(14.8) 3(13.6) 1(20)
Non-Hispanic 23 (85.2) 19 (86.4) 4 (80)
Age of vaping initiation — M (SD) 16.3(1.2) 16.2(1.2) 16.9 (0.9)
Age of regular vaping (>1x/week) — M (SD) 17.6 (1.5) 17.34 (1.6) 18.6 (0.9)
Months vaping — M (SD) 31.1(16.0) 33.1(15.7) 22 (16.1)
E-cigarette used — N (%)
Cartridge/pod (e.g., JUUL) 15 (55.6) 13 (59.1) 2 (40)
Disposable (e.g., Blu) 8 (29.6) 5(22.7) 3 (60)
Tank system or Other 4(14.8) 4(18.2) 0
Days vaped in past 30 days — M (SD) 28.5 (4.3) 28.2 (4.8) 29.6 (0.9)
# vaping episodes per day in past 30 days — M (SD) 19.8 (14.9) 20.4 (15.4) 20.4 (13.4)
Minutes per vaping episode — M (SD) 6.5 (13.4) 7.4 (15) 3.6 (2.6)
Puffs per vaping episode — M (SD) 7.7 (11.7) 8.7 (13.1) 32(11)
ECDI score — M (SD) 12.4 (3.6) 12.3(3.7) 13.4 (3.9)
Interest in quitting 1 (low) - 10 (high) — M (SD) 85(1.4) 8.4 (1.3) 8.8(1.8)
Past year quit attempt — N (%) 21 (77.8) 18 (81.8) 3 (60)
Smoked > 100 lifetime cigarettes — N (%) 6(21.4) 5(22.7) 1(20)
History of regular (>1x/week) smoking — N (%) 8 (28.6) 6 (27.3) 2 (40)

Note:

*
Includes cisgender and transgender men.

ECDI = Penn State Electronic Cigarette Dependence Inventory (Foulds et al., 2015), score range 0 (low) — 20 (high). One participant the CM group

was under the age of 18.
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Acceptability Item

Txt Completers (N=25) N (%)

CM (N=20) Monitoring (N=5)

1 liked using the DynamiCare app

The video upload process worked well

1 would definitely use this app in the future

1 liked the reloadable debit card

Participation in this study improved my confidence in quitting vaping

This study made me feel more in control of my vaping

21 (84%)
20 (80%)
21 (84%)
22 (88%)
22 (88%)
20 (80%)

17 (85%) 4 (80%)
16 (80%) 4 (80%)
17 (85%) 4 (80%)
17 (85%) 5 (100%)
17 (85%) 5 (100%)
16 (80%) 4 (80%)

Note: Ns correspond to number of participants indicating “Strongly Agree” or “Moderately Agree’ to each item, which were collapsed to indicate

favorable.
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dorg

CM (n=22) Monitoring (n=5) P
# Abstinent samples — Mean (SD) (out of 10 possible) 55(4.4) 0.8(1.3) <.001
Abstinent sample submitted at EOT (Day 28) 13/22 (59.1%) 2/5 (40%) 438

Endorsed quit attempt1 —N (%)

Day7  20/22(90.9) 3/5 (60) .08

Day14  17/22 (78.3) 3/5 (60) 43

Day 28 (EOT)  14/22 (63.6) 3/5 (60) .87

Day 56 (Follow-up) 9/22 (40.9) 3/5 (60) 44

Quit vaping at follow-up — N (%) 6/22 (27.3) 1/5 (20) 74

Reduced vaping at follow-up — N (%) 10/22 (45.4) 4/5 (80) .16
App Usability — Treatment Completers n=20 n=5

86.8 (11.2) 69.0 (22.3) 15

Suszscore at EQT (Day 28)

-1.15
15

.34

15

.03
-.15
-.06
-.27

-.128

Note: Day 7 was the Quit Day for all participants, and Day 28 was the end of treatment (EOT; Day 28).
1. . . .
Quit attempts were new or continued from the previous attempt.

ZSUS = System Usability Scale (Sauro, 2011).

Missing data were coded as vaping (not abstinent) or no attempt to quit or reduce vaping.
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