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Introduction: Tobacco smoking is a leading preventable cause of death in the U.S., with around
34 million adults using cigarettes and two-thirds wanting to quit. Many smokers turn to
electronic nicotine delivery systems (ENDS) like Juul and Vuse Alto to help them quit smoking,
but their effectiveness remains unclear. This study compares 30-day cigarette smoking

abstinence rates at the 12-month follow-up for users of Juul and Vuse Alto.

Methods: Utilizing data from a longitudinal survey of US adults who currently use Juul or Vuse
Alto and who had smoked (at least one or two puffs) in the past year, this study evaluated
differences in 30-day smoking abstinence at 12-month follow-up between Juul and Vuse Alto
users while examining moderation by satisfaction with ENDS, smoking craving reduction when

using ENDS, and perceived harm of ENDS.

Results: Results indicated that users of VVuse Alto had significantly higher odds of past 30-day
smoking abstinence at the 12-month follow-up than Juul users (OR: 1.756, p = .0286). Those
who reported having a reduction in craving to smoke a cigarette when using ENDS have 4.6
times greater odds of being abstinent from smoking at 12-month follow-up (OR: 4.616, p <
.0001). Higher quitting intentions were associated with higher odds of being a non-smoker (OR:

1.152, p = .0310).

Conclusions: In conclusion, the results suggest that Vuse Alto might better facilitate switching
away from cigarettes than Juul, though alternative explanations must be ruled out. Using ENDS
to reduce cravings to smoke a cigarette and having stronger quitting smoking intentions were key
predictors of smoking abstinence, informing public health approaches regarding the effectiveness

of ENDS in promoting smoking abstinence.
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INTRODUCTION

One of the leading causes of preventable death in the United States is tobacco smoking.?
Approximately 34 million American adults currently smoke cigarettes, with about two-thirds
mentioning that they want to quit.2 This desire among smokers to quit, combined with the
alarming health risks associated with smoking, promotes smoking cessation as an essential
public health initiative.? As public health officials seek innovative solutions to combat smoking-
related diseases, alternatives to traditional cigarettes have emerged in the form of electronic
nicotine delivery systems (ENDS).® Although ENDS, such as Juul and Vuse Alto, have been
marketed in the United States through the premarket tobacco product application (PMTA)
process with the intent to reduce traditional cigarette smoking *°, it is important to note that they

cannot be marketed as smoking cessation aids unless approved by the FDA.

Juul and similar ENDS products like Vuse Alto quickly dominated the ENDS market in
the United States after their introductions in 2015 and 2018.% Juul and Vuse Alto were among
the top-selling ENDS brands in 2022, with Vuse’s market share rising from 41.5% to 42.2% and
Juul’s declining to 26.1%."” However, they faced regulatory challenges due to rising concerns
about toxicological harms and public health impacts ®2. Although Juul and Vuse Alto are
researched for their possible effectiveness in helping people abstain from smoking, they cannot
be marketed as smoking cessation aids unless the companies obtain the necessary approval °.
Some studies suggest that ENDS can play a role in facilitating the quitting process; however, the
evidence is nuanced and complex.!® Key factors influencing these outcomes warrant further
investigation. For instance, adult’s satisfaction with ENDS or how much ENDS reduces their
craving to smoke a cigarette are both potential moderators that may impact how likely

individuals are to smoke or to quit smoking.!* Understanding how adults’ satisfaction with
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ENDS or how much ENDS reduces the craving to smoke a cigarette interacts with individual
smoking behavior could provide critical insights into the conditions under which these products

could most effectively promote switching behavior or sustained ENDS use.

While some studies have explored ENDS as a tool for smoking cessation'?, few have
examined moderating factors that might influence their effectiveness. These could include
satisfaction with ENDS products, how much ENDS reduces the craving to smoke a cigarette,
and/or motivation for quitting smoking.!* For instance, flavor preferences can influence user
smoking satisfaction, as research has shown that ENDS users who use non-tobacco flavors, such
as fruit, report greater enjoyment and satisfaction.'® This enhanced satisfaction can lead to a
higher likelihood of continued use of ENDS as a substitute for traditional smoking.** When users
find enjoyment in non-tobacco flavors, they may be more inclined to stay with vaping rather than
relapse into traditional cigarette smoking.*>® Understanding these dynamics is crucial for
evaluating the efficacy of specific ENDS devices in smoking behavior and identifying the
conditions under which they are most successful. Current research provides limited insight into
how different ENDS devices compare in cessation outcomes. While some studies suggest that
ENDS can facilitate quitting smoking, there remains a significant gap in understanding the roles
of varied brands and models.®’ Furthermore, more detailed investigations are needed into the
moderators that impact these outcomes, particularly concerning craving reduction and user

satisfaction.18

The lack of a detailed understanding of how specific ENDS devices impact smoking
behavior hinders our ability to evaluate their public health effects, particularly regarding
potential risks.'® This knowledge gap also complicates the assessment of factors that may

influence the relationship between ENDS use and smoking behavior, making it difficult to
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provide clear, evidence-based guidance.? This thesis aims to address this gap by directly
comparing 30-day smoking abstinence outcomes between adults who use Juul and Vuse Alto.
According to recent reports, Juul has been one of the leading e-cigarette brands, accounting for a
significant portion of the market.?* Similarly, Vuse Alto has gained traction and is recognized as
a notable competitor in the market, making it crucial to compare its outcomes against Juul.?? Juul
and Vuse Alto differ in their design, nicotine delivery system, and flavor offerings. This
variation in design and delivery mechanisms makes a comparative study particularly interesting.
There is growing evidence that differing vaping devices can impact health outcomes and user
behaviors.? Understanding these dynamics between Juul and Vuse Alto provides valuable

insights into their effects on smoking abstinence.

The concept of moderation will examine the dynamics of variables, including satisfaction
with ENDS, how much ENDS reduces the craving to smoke a cigarette, intent to quit smoking,
ENDS relative harm perception, nicotine replacements currently used for quitting, and
medication currently used for quitting. This research will offer new insights into the differing
impacts of these devices on smoking behaviors and abstinence. The novelty of this research lies
in its comparative focus on Juul and Vuse Alto, its exploration of the factors that may moderate
smoking abstinence outcomes, and its use of longitudinal data. If successful, the findings could
inform more targeted cessation interventions and public health strategies, potentially influencing
how ENDS are integrated into smoking abstinence efforts. Understanding the intricacies that
drive ENDS use could facilitate the design of personalized smoking abstinence programs,

incorporating elements such as behavioral strategies to create effective interventions.?*



LITERATURE REVIEW

The literature surrounding ENDS highlights the rapid adoption and subsequent scrutiny
of devices like Juul and Vuse Alto. ® While these devices achieved significant market value,
concerns about their health impacts and regulatory challenges emerged, resulting in Juul’s
withdrawal from the market by 2022 and Vuse Alto products being placed under review by the
FDA.22 Research indicates that satisfaction with ENDS plays a crucial role in smoking
behaviors and, more explicitly, smoking cessation. 1! Adult’s satisfaction with their ENDS can
significantly affect their commitment to quitting smoking traditional cigarettes. For example,
Gravely et al. stated that those who use ENDS find it to be more or equally as satisfying
compared to traditional smoking. 2 However, a study done by Sahr et al. highlighted that users
often reported having less satisfaction when using their ENDS products, which could lead to
decreased motivation to cease smoking altogether. 2’ To increase the motivation to stop smoking
altogether, a complete understanding of what makes ENDS satisfying may contribute to public
health’s smoking cessation initiatives. Furthermore, a thorough understanding of the satisfaction
surrounding ENDS use and the potential components, like flavor, may aid in better smoking
behaviors and smoking cessation outcomes. While this study does not explicitly investigate
flavor satisfaction as a standalone factor, acknowledging the role of flavor as a potential
contributor to satisfaction with ENDS, it will still aid in understanding the factors that support

effective smoking behaviors and smoking abstinence outcomes.?®

How much ENDS reduces the craving to smoke a cigarette is often closely associated
with satisfaction when talking about ENDS use and smoking behaviors. Studies have shown that
there is a direct correlation between craving and smoking. A study done by Reed et al. suggested

that craving plays a crucial role in smoking behaviors regardless of the accessibility of ENDS or



an individual’s personal quitting motivation 2°. One important implication of this research is that
individuals trying to quit smoking may experience relapse due to intense cravings, highlighting a
critical area for interventions 0. Even with access to alternative nicotine products like ENDS, the
cycle of craving a cigarette can be a formidable barrier to complete cessation. This suggests that
cessation efforts must address the psychological aspects of nicotine dependence, not just physical
addiction. Another study by Spears et al. highlights the fact that participants who used ENDS did
not have their cravings for traditional cigarettes satisfied 1. The study goes on to mention that
ENDS users were dissatisfied with ENDS not being able to manage their cravings, among other
factors. By understanding why participants crave smoking and what makes ENDS satisfying
enough to curb those cravings and essentially begin smoking cessation, public health policies can

be designed and implemented.

Those who switch to/use ENDS instead of traditional cigarettes may be inclined to
believe that it is less or equally harmful. This perception is fueled by marketing claims and the
idea that ENDS do not produce the same harmful and toxic byproducts associated with
traditional tobacco smoke. According to an article released by the Food & Drug Administration
(FDA), adults who use ENDS may experience reduced exposure to many of the harmful
chemicals that are present in traditional cigarettes 2. A study published by Breland et al. found
that while ENDS are effective for smoking cessation among specific demographics, they still
expose users to a variety of harmful and potentially harmful substances, including nicotine,
formaldehyde, and acrolein . Additionally, a systematic review by Boyce et al. highlighted that
while ENDS may aid in smoking cessation, more long-term studies are needed to assess the
lasting effects on overall health 34, Furthermore, the long-term health implications of ENDS are

still being considered, and ongoing studies are needed to understand their impacts fully. As
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public health messaging evolves, it remains critical for users to be aware that while ENDS may
serve as a less harmful alternative to traditional cigarettes, they are not without risks and should

ideally be approached with caution.

Quitting smoking intentions is a crucial aspect of smoking cessation, as it often serves as
a predictor of actual quitting behavior. Research has shown that various factors, including social
support, influence the intention to quit smoking. 3 Encouragement from friends and family can
significantly enhance an individual’s motivation to quit smoking. Additionally, the presence of
current smokers may provide a greater incentive to continue smoking instead of exploring
smoking abstinence. Understanding these dynamics can help design effective interventions that

leverage social support to increase quitting intentions among smokers.®

Public health messages and interventions are additional key components that affect
quitting intentions. In a report by the Surgeon General on smoking cessation, there was mention
of behavioral treatment approaches designed to give smokers the tools and strategies they need to
manage their cravings and ultimately quit smoking.? These programs often emphasize the health
risks of smoking and the benefits of quitting and provide practical strategies to begin the
cessation journey, thus empowering individuals to continue their quitting intentions. In summary,
quitting intentions surrounding smoking is a multifaceted issue that has many different
influential variables like social support, poor emotional and mental health, and public health
interventions. Understanding these variables is crucial for developing effective smoking
cessation programs that can translate quitting intentions into success. Moreover, the multifaceted
nature of quitting smoking intentions—shaped by social support, emotional well-being, and
targeted public health interventions—suggests that quitting smoking intentions could moderate

the effectiveness of Juul and Vuse Alto in smoking abstinence behaviors.
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The use of nicotine replacements has been studied as an effective intervention for
individuals seeking to quit smoking. These replacements aim to alleviate cravings associated
with tobacco smoking by providing a lower dose of nicotine without the harmful chemicals
found in cigarettes. Some of the common forms of nicotine replacements include nicotine
patches, nicotine gum, nicotine lozenges, nicotine nasal spray, and nicotine inhalers. Research
has shown that using nicotine replacements is less addictive than cigarettes, reduces
uncomfortable withdrawal feelings, and does not include many of the health issues that are
associated with smoking (cancer, lung disease, or heart disease).® Other studies highlighted how
nicotine replacements are efficient in increasing smoking cessation rates. In a study done by
Hartmann-Boyce et al., nicotine replacements can increase the rate of quitting by 50% to 60% *'.
Nicotine replacements are a valuable tool that can be used to begin smoking cessation in adults.
Their effectiveness emphasizes their role in smoking cessation programs. Future research should
continue to explore the long-term effects of nicotine replacements and its potential for

developing new public health initiatives and programs that will further encourage cessation rates.

Smoking cessation is a critical public health focus due to the numerous health risks
associated with tobacco use. Various pharmacological interventions have been developed and
studied to aid individuals in smoking cessation. Some medications include Wellbutrin, Zyban,
Bupropion, Chantix, and Varenicline. For example, studies have shown that the medication
Bupropion, an antidepressant, has been shown to aid in smoking cessation successfully. * The
study goes on to mention that the use of Bupropion increased smoking cessation success by 52%
to 77% when compared with the placebo . Varenicline, another medication, received approval
from the FDA to be used as a smoking cessation aid. In a study by Patel et al., Varenicline

proved to be more effective than Bupropion as a smoking cessation aid *°. A report published by

Xiii



StatPearls mentioned that Varenicline as a smoking cessation aid has lower risks associated with
it as well, compared to the other medications used to quit smoking **. The complete landscape of
smoking cessation by using medication is diverse, with various medications delivering different
levels of effectiveness. Studies have shown that medications like Bupropion and Varenicline are
both effective in promoting smoking cessation. Overall, as individuals transition from the use of
Juul or Vuse Alto to utilizing cessation aids like nicotine replacement or medication, the support
they provide can mitigate the challenges of abstaining from smoking. Therefore, integrating
these cessation aids can help clarify and improve the effectiveness of abstinence efforts, and

ongoing research continues to refine these approaches and search for clearer results.

This thesis aims to address these gaps by directly comparing two prominent ENDS
products: Juul and Vuse Alto. By examining the specific attributes and moderators associated
with each product, the study will compare 30-day cigarette smoking abstinence rates at the 12-
month follow-up for users of Juul and Vuse Alto. In doing so, this research will contribute
valuable insights to the existing literature on smoking abstinence, highlighting the moderator’s
effects on the relationship between Juul and VVuse Alto and smoking abstinence. By bridging the
gap between current knowledge and practical application, this research, by using a strategic
methodological approach, will illuminate the relationship between Juul or Vuse Alto and
smoking abstinence. Ultimately, it will thereby inform public health policies tailored to optimize

the use of ENDS in smoking abstinence strategies.
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METHODS

Study Sample and Procedures

The thesis utilizes secondary data from a longitudinal survey targeting a national
convenience sample of current and former adult users of specific electronic nicotine delivery
systems (ENDS), with a particular focus on brands and models with large market share
including, Juul and Vuse Alto. The longitudinal methodology encompassed several phases of
data gathering. It began with an initial eligibility survey, followed by a baseline survey,

continued with brief monthly surveys, and concluded with a 12-month follow-up survey.

The eligibility survey was designed to screen participants based on age, ENDS use, and
smoking habits. Participants for the study were recruited through online advertisements and
social media across the United States. Recruitment aimed to target adult users of multiple
market-leading ENDS brands, although this thesis focused mainly on those who used either Juul
or Vuse Alto. The study aimed to capture a broad range of users from various backgrounds. The
inclusion criteria of interest to this study included adults aged 18 and older who live in the
United States. They had to fulfill one of two criteria: either they had initiated the use of FDA
authorized ENDS product (at the time of study design)— Logic Power or Pro, NJOY Ace or
Daily, or Vuse Solo, Vibe, or Ciro—within the last six months and consumed a minimum of five
pods/units of that product, or they currently use at least one of several unauthorized products,
including Juul, Puff (Bar, Plus, Flow, Max), or Vuse Alto, also having used at least five
pods/units of these items. To accurately assess the brands and models used, images of the
products were shown in the initial screening. Participants were required to submit their names,
basic personal information (date of birth and email), and a photograph of their ENDS device for

verification purposes. The device images were then cross verified with Google images and a
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collection of previously gathered images to confirm authenticity. Moreover, participants'
personal information was checked against a database to prevent any individual from entering the

study multiple times. Those who met the inclusion criteria were invited into the study.

From the longitudinal data, 763 participants completed the baseline survey. After data
quality checks, the study sample was subsequently reduced to 759. This thesis's total sample size
was 393 observations, with the analytic sample comprising 259 observations. Participants were
included in this analysis if they met the following criteria. They had to be categorized as either a
smoker or non-smoker, have smoked a cigarette (at least one or two puffs) within the past year,
either a Juul or Vuse Alto user, and completed the 12-month follow-up survey. The 393
observations consisted of those who were current regular users of Juul or Vuse Alto and had
smoked in the past year. The reduction of 134 observations down to 259 was due to those who
completed the 12-month survey, as well as having smoked in the past year and being a current
regular user of Juul or Vuse Alto. These criteria ensured the inclusion of appropriate participants

for the analyses.

Measures

Predictor Variable

The focal predictor variable of this study is being an adult user of Juul or Vuse Alto. To
measure this, participants had to meet specific criteria. To be included as an adult who uses Juul
or Vuse Alto regularly, participants had to have used Juul or Vuse Alto at least 15 of the past 30
days, at least one or more pods in a week and did not use the other product for more than 4 of the

past 30 days or use one or more of the other product’s pods in a week. The participants who
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surveyed using both products on a regular basis, less than a regular basis, or less than often, were

excluded from the study analysis.

Outcome Measures

The study’s outcome variable was self-reported past 30-day cigarette smoking abstinence
rates at 12-month follow-up for adults who use Juul and Vuse Alto ENDS. The outcome measure
reflects the participants’ smoking behavior and their success in abstaining from smoking over the

specified period.

Moderator Variables
The moderators investigated in this study included satisfaction with ENDS, how much

ENDS reduces the craving to smoke a cigarette, intent to quit smoking, ENDS relative harm
perceptions, nicotine replacements currently used for quitting, and medication currently used for
quitting. To evaluate participants’ satisfaction with ENDS, participants were asked participants
were asked about their typical experience using their ENDS product(s). Their answer choices
were re-coded into binary categories of “0 — Low satisfaction” and “1 — High satisfaction”.
Similarly, participants were asked if their cigarette cravings are reduced whenever they use their
ENDS product to measure their cravings to smoke a cigarette. Their answer choices were re-
coded into binary categories of “0 — Little to no craving” and “1 — Definitely craving”.
Participants’ intent to quit smoking was assessed with the question, “Select the number that
indicates where you are now in thinking about quitting smoking.” The following response
options were provided: (0) — No thought of quitting; (2) — Think I need to consider quitting
someday; (5) — Think I should quit but not quite ready; (8) — Starting to think about how to

change my smoking patterns; (10) — I am now taking action to quit. Participants who selected
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responses indicating intent to quit (i.e., a score of 5 or higher) were classified as having the

intention to abstain from smoking and included in the analysis of abstinence rates.

Participants were asked whether they think that using their ENDS product(s) is less
harmful, about the same, or more harmful than smoking regular cigarettes to assess their harm
perception. Their answer choices were re-coded as “0 — Less harmful”, “1 — Same to more
harmful”, and “2 — Don’t Know”. To assess whether participants used nicotine replacements
(nicotine patches, gum, inhalers, etc.), they were asked the question following the original
question of if they were thinking about quitting smoking, for which they had to answer either
“Yes” or “No.” To assess whether participants used medications (Wellbutrin, Bupropion,
Chantix, etc.) to quit smoking, they were asked a simple “Yes” or “No” question. Participants
were only asked the nicotine replacement and medication use question if they had an intent to

quit smoking, i.e., a score of 9 or higher.

Statistical Analysis

Logistic regression analyses were conducted to assess the association between ENDS
brand use (Juul and Vuse Alto) and non-smoking outcomes at 12 months, with the selected
moderators included. Separate models were run for each moderator to evaluate whether these
factors moderated the relationship between ENDS use and smoking status at follow-up. The
reference group was also designated for the primary predictor, Juul users. Odds ratios (OR) and
95% confidence intervals (CI) were estimated to quantify the association between ENDS use, the

moderators, and smoking outcomes. Observations with missing data for key variables were
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excluded from the analysis with a significance level of .05. All analyses were performed using

SAS 9.4 to generate the results.
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RESULTS

Among the analytic sample, 45.95% were Juul users (40.51% were non-smokers, 54.46%
were smokers), and 54.05% were Vuse Alto users (59.49% = Non-smokers, 45.54 % = Smokers)
(see Table 1). Table 1 displays the influence of various moderating factors on ENDS users,
specifically comparing Juul and VVuse Alto products, as well as the smoking status of users (non-
smokers vs smokers). The factors explored include satisfaction with ENDS, how much ENDS
reduces the craving to smoke a cigarette, intent to quit smoking, ENDS relative harm
perceptions, the use of nicotine replacements for quitting smoking, and the use of medications
for quitting smoking. Vuse Alto users had 1.76 times higher odds of being a non-smoker at the

12-month follow-up than Juul users (95% CI: 1.061-2.908, p = .0286), as shown in Table 2.

Moderation by Satisfaction with ENDS

Among the adults who use Juul and Vuse Alto in the analytic sample, 92.28% of
participants reported having high satisfaction with ENDS (Table 1). Satisfaction with ENDS was
not statistically significant in association with being a non-smoker at follow-up (OR: 1.054, 95%
Cl: 0.411-2.699, p = .9132) (Model 2a). Furthermore, the interaction effect of satisfaction by

ENDS brand was nonsignificant (OR: 1.777, 95% CI: 1.069-2.956, p = .1060).

Moderation by Reduction in Craving to Smoke a Cigarette when using ENDS

84.55% of adults who use Juul and VVuse Alto report that when they use their ENDS
device, their cravings are reduced (Table 1). Of the non-smoking adults who used Juul (n = 61),

86.89% reported that their cravings were reduced, and of the smokers who used Juul (n = 52),
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69.23% reported that their cravings were reduced (Table 1). Of the non-smoking adults who used
Vuse Alto (n = 89), 96.63% reported that their cravings were reduced, and of the smokers who
used Vuse Alto (n = 44), 75% reported that their cravings were reduced (Table 1). Reduction in
craving to smoke a cigarette when using ENDS emerged as a main effect. Table 2 further
establishes that craving to smoke a cigarette when using ENDS is a main effect through the odds

ratio of 4.616, with a 95% CI of (2.148, 9.916) and a p-value of <.0001.

Moderation by ENDS Harm Perception

70.66% of Juul and Vuse Alto users perceived using ENDS to be less harmful than
smoking traditional cigarettes. Of the non-smoking adults who used Juul (n = 64), 71.88%
perceived ENDS to be less harmful than smoking traditional cigarettes, and of the smokers who
used Juul (n =55), 67.27% perceived ENDS to be less harmful than smoking traditional
cigarettes. Of the non-smoking adults who used Vuse Alto (n = 94), 75.53% perceived ENDS to
be less harmful than smoking traditional cigarettes, and of the smokers who used Vuse Alto (n =
46), 63.04% perceived ENDS to be less harmful than smoking traditional cigarettes (Table 1).
Additionally, in Table 3, compared to Juul users, Vuse Alto users had higher odds of being non-
smokers (OR: 1.747, 95% CI: 1.053-2.901, p = .0309). Perceived harm of ENDS compared to
traditional smoking showed that while a majority viewed ENDS as less harmful than smoking
traditional cigarettes, this perception did not moderate the relationship between device use and

smoking behavior (OR: 0.511, 95% CI: 0.128-2.038, p =.2198) (Table 3).

XXi



Moderation by Cigarette Smoking Quitting Intentions

The intention to quit smoking cigarettes emerged as a significant factor influencing the
relationships between users of Juul and Vuse Alto and the outcomes related to non-smoking.
Adults who used Juul and Vuse Alto and were not ready to quit smoking cigarettes were
predominantly active smokers, with 56.96% of Juul users and 46.48% of Vuse Alto users
indicating they still smoked (Table 1). This suggests a potential correlation between continued
usage of Juul and Vuse Alto products and active smoking status among those not ready to quit
smoking. Higher quitting intentions were associated with higher odds of being a non-smoker
(OR: 1.152, 95% CI: 1.013-1.311, p-value: .0310) (Model 4a). However, the interaction between
ENDS brand and quitting intentions was not statistically significant (OR: 1.509, 95% CI: 0.747-

3.049, p = .0841) (Model 4b).

Moderation by Nicotine Replacement and Medications

Nicotine replacements and medications that participants are currently using for quitting
smoking showed low engagement among users of Juul and Vuse Alto. Table 1 shows that 96%
of ENDS users said that they do not use nicotine replacements for quitting, and 97.33% said that
they do not use medications for quitting. Table 4 examines the interaction effects of ENDS users
on non-smoking outcomes by the moderating factors of nicotine replacements and medication.
Nicotine replacement use alone did not affect smoking behavior (OR: 0.878, 95% CI: 0.153-
5.038, p =.8836), and medication alone did not affect smoking behavior (OR: 1.417, 95% CI:
0.190-10.576, p = .7338). Additionally, the interaction between adults who use Vuse Alto and
nicotine replacement as a potential moderator shows that there is no effect, suggesting that

nicotine replacement does not moderate the relationship between adults who use Vuse Alto and
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smoking behavior (OR: 1.734, 95% CI: 0.880-3.417, p = .7682). Similarly, the interaction term
for adults who use Vuse Alto and medication use for quitting was nonsignificant, suggesting that
medication use for quitting does not moderate the relationship between ENDS brand and

smoking behavior (OR: 1.662, 95% CI: 0.847-3.261, p = .6737).
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DISCUSSION

This study provides novel insights into the smoking behaviors of adults who use ENDS,
particularly Juul and VVuse Alto, during a 12-month period for smoking abstinence. The results
underscore important differences in smoking abstinence outcomes between the adults who use
Juul and Vuse Alto. Specifically, adults who use Vuse Alto had significantly higher odds of
being non-smokers at the 12-month follow-up compared to adults who use Juul, suggesting
potential product-related differences that influence smoking abstinence success. These
differences may reflect variations in nicotine delivery, satisfaction levels, or other product
features, such as flavors, which warrant further investigation into their role in supporting

smoking abstinence efforts.

Satisfaction with ENDS emerged as a prominent factor among users but did not show a
direct influence on smoking abstinence. This finding diverges from prior research, suggesting
that higher satisfaction predicts a greater likelihood of switching to exclusive ENDS use. It is
plausible that satisfaction, while important, interacts with other factors—such as perceived
harm—to influence smoking behaviors and abstinence indirectly.*° Future research should
explore whether satisfaction mediates the relationship between product-specific characteristics
and smoking outcomes, especially considering the nuanced role of ENDS regulations in shaping
user experiences. In contrast, craving exhibited a significant association with smoking behavior
and abstinence, reinforcing its critical role in smoking abstinence efforts. Many users reported
that when they used Vuse Alto, their cigarette cravings were reduced. However, this raises
important questions about whether craving reduction leads to full cessation or merely reduces
cigarette consumption while perpetuating dual use. Understanding how cravings differ between

brands, such as Juul and Vuse Alto, can shed light on why some adults succeed in smoking
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abstinence while others do not. Future studies should focus on understanding the relationship
between craving reduction while using ENDS and smoking abstinence to inform targeted

interventions.

Quitting smoking intentions emerged as a significant predictor of smoking outcomes,
aligning with existing evidence that intention to quit is a precursor to smoking abstinence.*!
However, the relationship between quitting smoking intentions and smoking abstinence did not
vary significantly between adults who use Juul and Vuse Alto. This suggests that the
motivational states influencing quitting smoking behaviors may operate similarly across different
ENDS products, even as product-specific features may affect the likelihood of success. From a
public health perspective, this finding underscores the need to develop smoking abstinence
strategies that transcend brand-specific influences and focus on enhancing motivation and
commitment to quit smoking altogether.*>** ENDS harm perception relative to traditional
cigarettes did not significantly moderate smoking abstinence outcomes, contrary to the
expectation. This finding may reflect the complex and evolving perceptions of ENDS relative
harm, shaped by individual experiences, misinformation, or mixed public health messaging.
While ENDS are widely perceived as less harmful than traditional cigarettes, this perception
alone may not translate into behavioral changes, such as full smoking abstinence.*® Further
research is needed to track how changes in harm perceptions influence smoking abstinence
trajectories over time and how educational interventions might mitigate misconceptions to

optimize harm reduction strategies.

The low reported use of nicotine replacements currently used for quitting and medication
use currently used for quitting among both smokers and non-smokers raised important

considerations. Traditional smoking cessation aids, though adequate for traditional smokers, may
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not resonate with ENDS users, who may view ENDS as an adequate smoking abstinence tool.
Additionally, the lack of significant interaction effects between smoking cessation aids and
smoking outcomes challenges the appropriateness of traditional methods for this population.?
These results highlight a pressing need to develop interventions explicitly tailored for ENDS
users, incorporating their unique needs and experiences, to promote smoking abstinence more
effectively. The nonsignificant interaction effects observed in this study reflect the complexity of
smoking abstinence among adults who use Juul and Vuse Alto. These results emphasize that
smoking abstinence behaviors are influenced by a constellation of factors, including frequency of
ENDS use and perceived harm of ENDS. Future research should adopt a more holistic approach,
integrating these variables to paint a comprehensive picture of the factors that facilitate or hinder

smoking abstinence.*?4* Such efforts would not only advance scientific understanding but also

inform regulatory policies aimed at promoting ENDS as a less harmful alternative to smoking.

This study offers critical implications for public health, regulatory policy, and smoking
abstinence programs. The significant differences in smoking abstinence success between adults
who use Juul and Vuse Alto suggest that product-specific characteristics may influence
outcomes, underscoring the need for targeted regulations and communication strategies.
Additionally, these findings highlight the need for longitudinal data to evaluate whether early
perceptions and experiences with ENDS translate into sustained smoking abstinence over time.
Overall, this study opens the door to new questions regarding the nuanced effectiveness of
various ENDS in aiding smoking cessation, emphasizing the need for ongoing research in this

evolving field.
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Limitations

The data was gathered by relying on self-reported measures, which could introduce bias.
The follow-up period of 12 months may be insufficient to capture the long-term smoking
behaviors and smoking abstinence occurrence between users of Juul and Vuse Alto. The
potential for causal inference was limited due to the observational nature of the data. While
correlations between user intentions to quit smoking and craving to smoke a cigarette were
identified, definitive causal relationships cannot be established. The lack of adjustment for
potential confounders may limit the study. Without accounting for confounding variables, the
true relationship between the variables and the outcome of interest may be obscured, leading to
misleading conclusions. Covariates such as demographics were not adequately considered, which
could have influenced the smoking abstinence occurrence in Juul and Vuse Alto users. Study
attrition and reduced sample size may have limited the statistical power of the analyses, making
it more challenging to detect statistically significant interactions between Juul and Vuse Alto

regular users and smoking abstinence occurrences.
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MAIN TABLES

Table 1 — Readiness to Quit at Baseline Predicting Smoking Status of Juul & Vuse Alto Users at 12-Month
Follow-Up: Non-smokers vs Smokers *

Total Analytic Juul Non- Vuse Alto Juul Smoker Vuse Alto
Sample % (n) = Smoker % (n) =~ Non-Smoker % (n) Smoker %
n =259 % (n) (n)
ENDS Brand
Regularly Used
Juul 45.95 (119) 40.51 (64) - 54.46 (55) --
Vuse Alto 54.05 (140) - 59.49 (94) - 45.54 (46)
ENDS Satisfaction
Low satisfaction 7.72 (20) 4.69 (3) 12.57 (22) 10.91 (6) 4.35(2)
High satisfaction 92.28 (239) 95.31 (61) 87.43 (153) 89.09 (49) 95.65 (44)
Reduction in Craving
to Smoke a Cigarette
when using ENDS
Little to no craving 15.45 (38) 13.11 (8) 3.37(3) 30.77 (16) 25.00 (11)
Craving 84.55 (208) 86.89 (53) 96.63 (86) 69.23 (36) 75.00 (33)
Quitting Smoking
Intentions
Not ready to quit 78.00 (117) 22.79 (18) 29.57 (21) 56.96 (45) 46.48 (33)
Ready to quit 22.00 (33) 8.86 (7) 15.50 (11) 11.39 (9) 8.45 (6)
ENDS Relative Harm
Perception
Less harmful 70.66 (183) 71.88 (46) 75.53 (71) 67.27 (37) 63.04 (29)
Same to more harmful 23.17 (60) 20.31 (13) 19.15 (18) 29.09 (16) 28.26 (13)
Don’t know 6.17 (16) 7.81 (5) 5.32 (5) 3.64 (2) 8.70 (4)
Nicotine
Replacements
Currently Using for
Quitting
No 96.00 (144) 96.00 (24) 96.88 (31) 94.44 (51) 97.44 (38)
Yes 4.00 (6) 4.00 (1) 3.13(1) 5.56 (3) 2.56 (1)
FDA Approved
Medications
Currently Using for
Quitting
No 97.33 (146) 100.00 (25) 93.75 (30) 98.15 (53) 97.44 (38)
Yes 2.67 (4) 0.00 (0) 6.25 (2) 1.85(1) 2.56 (1)

1 This is a subset analysis — some of the variables are only applicable to baseline smokers and past-year smokers
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Table 2 — Comparison of Vuse Alto Regular Users and Juul Regular Users: Product Brand Use,

Satisfaction Levels, & Craving Levels

Coefficient = Standard Odds

Juul regular users (Reference) --
Vuse Alto regular users 0.5631

Model 2: Satisfaction of ENDS

Model 2a: Main Effects — Satisfaction of ENDS

Vuse Alto regular users 0.5633
Satisfaction of ENDS 0.0523
Model 2b: Interaction Effects - Satisfaction of ENDS ?

High Satisfaction of ENDS with Vuse Alto -1.7578

regular users
Model 3: Craving for Smoking using ENDS

Model 3a: Main Effects - Craving for smoking using ENDS

Vuse Alto regular users 0.4108

Craving for smoking using ENDS 1.5294

Error

0.2573

0.2573

0.4799

1.0874

0.2750

0.3902

Model 3b: Interaction Effects - Craving for smoking using ENDS 3

Craving for smoking using ENDS with Vuse 1.1772
Alto regular users

0.8369

Ratio
(OR)
Model 1: Main Effects — ENDS brand regularly used (No Interaction) *

1.756

1.756

1.054

1.508

4.616

95% ClI

(1.061, 2.908)

(1.061, 2.908)

(0.411, 2.699)

(0.880, 2.585)

(2.148, 9.916)

p-value

.0286

.0286

9132

.1060

1352

<.0001

.1595

1 The reference for the Main Effects Model in Model 1 is ‘Juul regular users’.
2The reference level is ‘Low Satisfaction’ within both models in Model 2.
3 The reference level is ‘Little to no craving” within both models in Model 3.
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Table 3 — Comparison of Vuse Alto Regular Users and Juul Regular Users: Quitting Intentions & Harm

Assessment of ENDS

Coefficient = Standard Odds 95% CI
Error Ratio (OR)

Model 4: Smoking Quitting Intentions

Model 4a: Main Effects - Smoking Quitting Intentions

Vuse Alto regular users 0.4884 0.3467 1.630 (0.826, 3.215)
Quitting Intention 0.1418 0.0657 1.152 (1.013, 1.311)
Model 4b: Interaction Effects - Smoking Quitting Intentions *

Smoking Quitting Intentions with Vuse 0.2363 0.1368 -- -
Alto regular users

Model 5: Harm Assessment of ENDS vs Traditional Cigarettes
Model 5a: Main Effects - Harm Assessment of ENDS vs Traditional Cigarettes

Vuse Alto regular users 0.5581 0.2587 1.747 (1.053, 2.901)

Harm Assessment of ENDS -0.0719 0.5438 0.931 (0.321, 2.702)
(Don’t Know vs Less harmful)

Harm Assessment of ENDS -0.4986 0.3036 0.607 (0.335,1.101)
(Same to more harmful vs Less harmful)

Model 5b: Interaction Effects - Harm Assessment of ENDS vs Traditional Cigarettes 2

Harm Assessment of ENDS with Vuse -1.3705 1.1168 -- --
Alto regular users

(Don’t know vs Less harmful)

Harm Assessment of ENDS with Vuse -0.1445 0.6076 -- --

Alto regular users
(Same to more harmful vs Less harmful)

p-value

.1589

.0310

.0841

.0309

.8948

.1006

.2198

8121

! The reference level for Model 4 is ‘Not ready to quit’ for Smoking Quitting Intentions.
2 The reference level for Model 5 is ‘Less harmful’ for Harm Assessment of ENDS.
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Table 4 — Comparison of Vuse Alto Regular Users and Juul Regular Users: Nicotine Replacement Use

& Medication Use

Coefficient = Standard Odds 95% CI
Error Ratio
(OR)

Model 6: Nicotine Replacement Therapy on Smoking Cessation
Model 6a: Main Effects - Nicotine Replacement Use on Smoking Cessation

Vuse Alto regular users 0.5695 0.3402 1.767 (0.907, 3.443)
Nicotine replacement use -0.1305 0.8916 0.878 (0.153, 5.038)

Model 6b: Interaction Effects - Nicotine Replacement Use on Smoking Cessation *

Vuse Alto regular users and Nicotine 0.5477 1.8581 - -
replacement use

Model 7: Medication Use on Smoking Cessation
Model 7a: Main Effects — Medication Use on Smoking Cessation

Vuse Alto regular users 0.5515 0.3407 1.736 (0.890, 3.385)

Medication use for smoking cessation 0.3487 1.0255 1.417 (0.190, 10.576)

Model 7b: Interaction Effects — Medication Use on Smoking Cessation 2

Vuse Alto regular users and Medication 1.1047 2.6235 - -
use for smoking cessation

p-value

.0942

.8836

.7682

1055

.7338

6737

! The reference level for Model 6 is ‘No’ for Nicotine Replacement Use on Smoking Cessation.

2The reference level for Model 7 is ‘No’ for Medication Use on Smoking Cessation. The command ‘firth’ was
added to the model statement of the interaction to control for the quasi-complete separation of data points.
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