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Preferences, use, and perceived access to flavored e-cigarettes
among United States adolescents and young adults
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Jing Cheng?

aUniversity of California San Francisco, San Francisco, CA, United States

bResearch Lab, Stanford University, Stanford, CA, United States

Abstract

Background: Citing concern over youth use, the Food and Drug Administration announced a
prioritized enforcement policy against cartridge-based (reusable pod) e-cigarettes in non-menthol,
non-tobacco flavors, effective February 2020. Data are needed regarding youth e-cigarette access
and use behaviors following this policy.

Methods: This cross-sectional national (USA) online panel survey, conducted March/April 2021,
included 2253 participants ages 14-20 who ever used e-cigarettes >3 times (73% past 30-day
users). Participants reported their flavor preferences, use reasons, and perceived ease of access.
Latent class analysis categorized participants according to their preferred e-cigarette flavors, and
multinominal logistic regression identified sociodemographic and behavioral correlates of class
membership.

Results: Most past 30-day e-cigarette users used reusable pod (77%) or modern disposable
(68%) devices, =1 non-tobacco (92%), sweet (76%), and/or menthol flavors including fruit-ice
(70%) (flavor and device categories not mutually exclusive). Most past 30-day users (70%) and
non-users (63%) perceived it would be somewhat or very easy to acquire e-cigarettes in flavors
they like. Latent class analysis identified four e-cigarette flavor preference classes: mint (34% of
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sample), no preference (29%), fruit/sweet (28%), and dislikes =1 flavor (10%). Relative to no
preference, membership in fruit/sweet (RRR: 1.87; 95% CI: 1.37, 2.57) and mint (RRR: 3.85; 95%
Cl: 2.77, 5.36) classes was associated with using e-cigarettes =50 times. Fruit/sweet membership
was inversely associated with combustible tobacco use (RRR: 0.50; 95% CI: 0.38, 0.66).

Conclusion: Young e-cigarette users maintained ample access to flavored and cartridge-based
products. Stronger access restrictions and enforcement are required to reduce youth e-cigarette
use.

Keywords

Electronic cigarette; Tobacco; Tobacco control; Adolescent health; Young adult health;
Population-based study

1. Introduction

In January 2020, the United States Food and Drug Administration (FDA) finalized a

policy to prioritize enforcement against cartridge-based e-cigarettes in flavors other than
tobacco and menthol, effective February 1, 2020 (Food and Drug Administration, 2020).

At the time, no e-cigarette product was authorized for sale in the United States, meaning

that no e-cigarette was being sold with legal authorization. However, the FDA had

exercised enforcement discretion to defer authorization requirements, effectively allowing
all e-cigarettes into the marketplace. The FDA announcement cited “epidemic levels” of
youth e-cigarette use (Cullen et al., 2019; Food and Drug Administration, 2020), particularly
use of mint and fruit flavors and cartridge-based systems (Leventhal et al., 2019b), such

as those sold under the JUUL brand, in which single-use cartridges, or pods, are swapped

in and out of a reusable device. The policy goal was to focus on products most attractive

to youth. Companies that did not cease manufacture, distribution and sale of prioritized
products within 30 days “risked FDA enforcement actions (Food and Drug Administration,
2020),” but those enforcement actions were not delineated. The policy was criticized for
vague product definitions and for excepting menthol, refillable, and disposable e-cigarette
products increasingly popular among youth (Gee, 2020; Hemmerich et al., 2020). The policy
was defended as providing flexibility to pursue action against any e-cigarette company
selling products that target youth (Zeller, 2020).

E-cigarettes are the most commonly consumed tobacco product among adolescents (Cullen
etal., 2019; Rose et al., 2020). Flavors in e-cigarettes and other tobacco products and a
cooling sensation from added menthol may increase product appeal and mask harshness,
motivating youth experimentation and continued use (Carpenter et al., 2005; Goldenson

et al., 2019; Kostygina et al., 2016; Kreslake et al., 2008). Fruit flavors and sweet/

dessert flavors are considered particularly popular among young e-cigarette users; however,
combination fruit-ice flavors (i.e., fruit with a cooling, presumably mentholated sensation)
and mint flavors (with and without menthol) are also used commonly (Gaiha et al., 2021;
Harrell et al., 2017; Schneller et al., 2019). While recent surveillance indicates a possible
decline in e-cigarette use prevalence among adolescents, 80% of e-cigarette users report
using flavored products (Park-Lee et al., 2021).

Drug Alcohol Depend Rep. Author manuscript; available in PMC 2022 June 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chaffee et al.

Page 3

Emerging data also suggest that flavored and pod-based product use continued to be
normative among young e-cigarette users in the months following the FDA enforcement
prioritization policy. The 2020 National Youth Tobacco Survey (NYTS), conducted from
January to March (partly before and after the FDA policy took effect), demonstrated that
high school e-cigarette users most commonly used pod devices and fruit (73%), mint (56%),
menthol (37%), or sweet (36%) flavors (Wang et al., 2020). In a May 2020 national online
survey of adolescents and young adults, reusable pod/cartridge e-cigarettes (e.g., JUUL) and
disposable e-cigarettes, such as those sold under the Puff Bar brand, were the most used
devices, and mint, menthol, or ice was the most used class of flavors among both reusable
and disposable users (Gaiha et al., 2021). Barshaped “fifth-generation” disposable devices,
sometimes called “podmods” (Delnevo et al., 2020; Williams, 2020), do not actually contain
pods, are not modifiable, and differ from first-generation “cigalike” disposable devices.
This manuscript uses “modern disposable” to refer to these disposables (e.g., Puff Bar) and
“reusable pod” to refer to reusable systems with single-use cartridges (e.g., JUUL).

1.1. Objectives

The present study characterizes device type and flavor behaviors among young e-cigarette
users approximately one year after the FDA policy announcement, allowing time for
regulators, sellers, and users to adjust to the new policy. As the main goal of this study
was descriptive, no numerical hypothesis was defined. Data are from a national online
panel of e-cigarette repeated ever-users (=3 times) ages 14—20 years, conducted from March
to April 2021. The investigation also examines participants’ e-cigarette flavor preferences
and perceived access to flavors that they like. Finally, using latent class analysis (LCA),
we classify participants according to their flavor preferences and examine how flavor
preferences relate to sociodemographic characteristics, e-cigarette and other tobacco use
behaviors, and reasons for e-cigarette use. Examining e-cigarette flavor preferences, rather
than use behaviors alone, may help inform assumptions about how youth may respond to
potential policies.

2. Methods

2.1. Participants

Results are based on a national cross-sectional online survey of adolescents and young
adults who reported e-cigarette ever use (=3 times). Participants were recruited from
existing, actively managed market research panels aggregated by a third-party vendor
(Qualtrics). Online research panels have gained wide use in behavioral health sciences
research, including tobacco control research (Noar et al., 2018) and with youth specifically
(Gaiha et al., 2021; Schleicher et al., 2016). While panel members may not represent the
general population, participants reflect a range of geography, age, income levels, and racial/
ethnic groups.

For this investigation, panel members residing in the United States whose demographic
profiles potentially matched study eligibility criteria were invited to complete a screener
questionnaire to confirm their age (eligible: 14—20 years) and lifetime e-cigarettes use
(eligible: =3 times). A threshold of =3 times was set as an inclusion criterion to help assure
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that the study population included participants familiar with e-cigarettes from repeated use.
Of 8860 completed screener questionnaires, 2712 participants met eligibility criteria and
2253 of these completed the survey. Surveys were administered from March 18 to April

25, 2021. Median completion time was 9 min. Participant incentives varied by panel but
typically consisted of points redeemable toward merchandise, travel, or other awards. Before
beginning the survey, potential participants were provided information stating that the survey
was a research study and were informed of the study goals, its voluntary nature, and were
asked to complete two items to confirm their comprehension. Signed informed consent was
not collected to preserve anonymity. The University of California San Francisco Institutional
Review Board approved all study procedures.

2.2. E-Cigarette and tobacco use

All participants were provided with a list of 9 different tobacco products (cigarettes; cigars;
chewing tobacco; moist snuff; snus pouches; nicotine pouches; heated tobacco; hookah; and
nicotine tablets or lozenges), 6 types of e-cigarette devices (modern disposables; reusable
pods; cigalikes; refillable pens; box mods; rebuildable; and other), marijuana, and alcohol
and asked to endorse all of the products listed that they had ever used (never; 1-10 times;
11-99 times; =100 times or more). The list included photographs and example brands. For
each product ever used, participants reported how many days in the past 30 days they used
that product (0 to 30).

2.3. E-Cigarette flavor access and preferences

Past 30-day e-cigarette users (using any e-cigarette device =1 day in the past 30 days)

were asked to endorse which e-cigarette flavors they had used in the past 30 days from

a list (unflavored; tobacco flavor; mint or menthol that is frost, cooling, or ice; mint or
wintergreen [not frost cooling, or ice]; fruit [like apple or berry]; fruit-ice combination [like
lush-ice, banana-ice]; dessert [like ice cream, cookie, or chocolate]; alcohol [like bourbon
or wine]; don’t know; other flavor). All participants, including e-cigarette non-users were
asked, “Right now, how difficult or easy is it to find e-cigarettes or vapes in flavors that
you like?” with 4 options (very easy to find flavors I like; somewhat easy to find flavors |
like; somewhat difficult to find flavors | like; very difficult to find flavors I like). Participants
were then asked how it is (very easy; somewhat easy; somewhat difficult; very difficult)

to find each of 8 specific e-cigarette flavors (fruit; candy or dessert; mint; icy, frost, or
menthol; fruit-ice combination; alcohol; tobacco; unflavored) and how it is (very easy;
somewhat easy; somewhat difficult; very difficult) to find fruit, candy, fruit-ice, and/or
dessert e-cigarette flavors from 5 specific sources (vape shops; convenience store or gas
station; online; from family; from friends; some other way).

2.4. Latent class analysis

All participants were asked to respond to the prompt, “How much do you like the following
flavors for e-cigarettes or vapes?” (strongly dislike; somewhat dislike; neither like or dislike;
somewhat like; strongly like) for 8 flavors (fruit; candy or dessert; mint; icy, frost, or
menthol; fruit-ice combination; alcohol; tobacco; unflavored). Participants missing flavor
preference data were excluded from the LCA analysis (n7= 16, 0.7% of total sample).

Drug Alcohol Depend Rep. Author manuscript; available in PMC 2022 June 23.
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Given the small number of missing observations, we do not expect their exclusion to impact
results.

The latent class model is a finite mixture model to identify and characterize clusters of
similar participants. To identify distinct subgroups (classes) based on participants’ discrete
responses to the 8 flavors, where each flavor question included 5 options, we started with
fitting marginal latent class models for multiple polytomous outcomes (Bandeen-roche et
al., 1997). Starting with a one-class model, we fitted models with increasing numbers of
classes up to 10 classes. Each model was run multiple times in the R package poLCA

to have relatively good certainty in obtaining global maximum log-likelihood (Linzer and
Lewis, 2011). Models from 2-class to 10-class were compared based on considerations
statistically (maximum log likelihood, Akaike information criterion, Bayesian information
criterion) and for ease of interpretation (class size and class distinctness). A five-class model
was considered most adequate to describe the data based on statistical and interpretability
considerations.

2.5. Flavor preference associations

Participant sociodemographic characteristics and e-cigarette and/or other tobacco use
behaviors were compared between the retained latent classes using pair-wise hypothesis
tests and then a multivariable multinomial logistic regression model. Additionally, past
30-day e-cigarette users were asked to endorse their reasons for using e-cigarettes from
a list of 21 potential reasons compiled from literature (Evans-Polce et al., 2018; Wang
etal., 2019). Reasons were examined across flavor preference classes. Responses were
unweighted. Results were considered statistically significant if £<0.05, unless otherwise
noted (see Tables).

3. Results

3.1. Participant characteristics

Seventy-three percent of survey participants were past 30-day ecigarette users (Table 1). As
a group, past 30-day e-cigarette users were older and more likely than past 30-day non-users
to identify as nonHispanic White, have a parent with a college degree, and report past
30-day use of other tobacco, cannabis, or alcohol (Table 1).

3.2. Flavored e-cigarette use

Flavored product use predominated among past 30-day e-cigarette users. Ninety-two percent
of users reported using flavored e-cigarettes in the past 30-days (Table 2). Past 30-day
e-cigarette users most often endorsed fruit (61%), fruit-ice (47%) and menthol (45%) as
flavors used in the past 30 days (Table 2). The majority (58%) endorsed =2 flavors; 32%
endorsed >3 flavors. Combined, 76% endorsed a sweet flavor, and 70% endorsed a menthol
flavor (Table 2).

Flavored use was near universal regardless of device type or use frequency (Table 3). The
most used device types were modern disposables, like Puff Bar, and reusable pods, like
JUUL (Table 3). Among all past 30-day e-cigarette users, 77% reported using a reusable

Drug Alcohol Depend Rep. Author manuscript; available in PMC 2022 June 23.
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pod at least once in the past month and 68% reported using a modern disposable. However,
modern disposables were more likely than reusable pods to be participants’ single most used
device (Table 3). Individuals who used modern disposables the most were more likely than
reusable pod users to report using sweet (85% vs. 65%) or fruit (84% vs. 63%) flavors,
although menthol flavor use was similar (72% vs. 69%). Participants who used e-cigarettes
more frequently endorsed more different flavors used (Table 3).

3.3. Perceived e-cigarette access

Most participants perceived it to be easy to find e-cigarettes in flavors they like (Table 4).
Past 30-day e-cigarette users reported it would be very easy (40%) or somewhat easy (30%)
to find such flavors. Non-users similarly reported very easy (34%) or somewhat easy access
(29%), despite additionally being offered a “don’t know” response option (Table 4). Only
17% of non-users indicated not knowing how easy it would be to find e-cigarettes in flavors
they like.

When asked how current ease of access to flavored e-cigarettes differed from early 2020,
“about the same” was the most common response among users (40%) and non-users (41%).
Among the minority of participants who perceived somewhat or much more difficulty (24%
of users; 21% of non-users), the most endorsed reasons were less availability of e-cigarettes
in all flavors (42%), the COVID-19 pandemic (35%), less availability of e-cigarettes in
preferred flavors (32%), and in-store age verification (31%).

Mint, menthol, and fruit flavors were viewed as the easiest e-cigarette flavors to access, and
vape shops were seen as the easiest location to find fruit or sweet e-cigarettes (Table 5). In
contrast, unflavored and alcohol flavored e-cigarettes were viewed as more difficult to find.

3.4. Latent class analysis

A five-class LCA solution was chosen based on model fit and interpretability (Fig. 1). One
class of “straight line” responses (5% of total sample) was considered potentially indicative
of inattentive survey taking and not included in association analyses. The remaining four
classes were subjectively labeled as mint (34% of remaining sample: strong preference for
mint, menthol, and fruit-ice); no preference (29%: favorable toward all flavors, including
tobacco and unflavored, few strong preferences); fruit/sweet (28%: strong preference for
fruit, sweet, and fruit-ice, strong dislike for tobacco, alcohol, and unflavored); and dislikes
one or more (10%: strong dislike for =1 flavor with few strong favorable preferences).

Consistent with preferences, past 30-day e-cigarette users who were members of the fruit/
sweet class were most likely to report using any fruit (86%) and any sweet (88%) flavored
e-cigarette. However, the mint and no preference classes also reported substantial use of
fruit (mint class: 74%, no preference class: 70%) and sweet (mint class: 75%, no preference
class: 74%) flavors. Past 30-day e-cigarette users who were members of the mint class were
most likely to report use of mint (69%) and menthol (85%) e-cigarettes. Mint use was less
common in the fruit/sweet class (35%) and no preference class (39%), but due to use of
fruit-ice flavors, menthol use was common (fruit/sweet class: 70%, no preference class:
56%).

Drug Alcohol Depend Rep. Author manuscript; available in PMC 2022 June 23.
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Participant characteristics and behaviors differed by e-cigarette flavor preference (Table
6). Of the four retained LCA classes, members of the mint class were most likely to
identify as non-Hispanic White, have a parent with a college degree, and used e-cigarettes
more frequently in the past 30 days and more times overall (Table 6). Members of the

no preference class were least likely to be female, non-Hispanic White, or have used
e-cigarettes =50 times. Members of the fruit/sweet class were younger, most likely to be
female, and least likely to use other tobacco, cannabis, or alcohol. Finally, members of the
dislikes one or more class were least likely to be past 30-day e-cigarette users (Table 6).

Reasons for e-cigarette use were similar across three of the four LCA classes (Table 7).

Past 30-day e-cigarette users in the mint, no preference, and fruit/sweet class were most
likely to endorse getting a buzz/high, availability of flavors, use by friends, and ability to use
unnoticed, in that order. In the dislikes one or more flavor class, the most endorsed reason
for e-cigarette use was “I think I’m addicted”; the third-most endorsed reasons was “it’s hard
to stop” (Table 7). Quitting other tobacco and resembling a regular cigarette were among the
least endorsed reasons in all classes.

Associations between participant characteristics and e-cigarette flavor preferences persisted
in multivariable models (Table 8). Using e-cigarettes =50 times was associated with
membership in fruit/sweet (RRR: 1.87; 95% ClI: 1.37, 2.57) and mint (RRR: 3.85; 95%

Cl: 2.77, 5.36) classes, relative to the no preference class. Combustible tobacco use (RRR:
0.50; 95% CI: 0.38, 0.66), as well as use of smokeless tobacco and cannabis, was inversely
associated with fruit/sweet membership (Table 8). Female and Hispanic/Latinx participants
were more likely to be members of the mint and fruit/sweet classes. Setting mint as the
reference class (not shown in table), female (RRR: 1.32; 95% CI: 1.02, 1.72) and Black
(RRR: 1.75; 95% CI: 1.10, 2.79) participants were more likely to be members of the
fruit/sweet class, while e-cigarette use =50 times (RRR: 0.49; 95% CI: 0.35, 0.68), past
30-day combustible tobacco use (RRR: 0.58; 95% CI: 0.45, 0.76), and smokeless tobacco
use (RRR: 0.41; 95% CI: 0.28, 0.60) were inversely associated with fruit/sweet class
membership.

4. Discussion

More than one year following FDA enforcement prioritization against certain flavors and
types of e-cigarettes (Food and Drug Administration, 2020), adolescent and young adult
e-cigarette users in the present study near universally reported use of flavored products, most
often sweet, fruit, or menthol. Use of cartridge/pod systems and disposable e-cigarettes was
widespread. It was uncommon to report difficulty finding e-cigarettes in desirable flavors

or to report more difficulty finding sweet/fruit flavors compared with prior to enforcement
prioritization. Together, the results suggest ample access to and prevalent use of flavored and
pod-based e-cigarettes, despite recent policy.

Menthol and disposable e-cigarettes were not prioritized for enforcement, citing evidence
at the time that youth preference for menthol was “much lower” than for mint and fruit
(Food and Drug Administration, 2020; Leventhal et al., 2019b). In a national online survey
of adolescents and young adults conducted three months after the policy took effect, a

Drug Alcohol Depend Rep. Author manuscript; available in PMC 2022 June 23.
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combined category of mint, wintergreen, or menthol flavors was the most used flavor,
matching or exceeding use of fruit flavors in all age groups and device types (Gaiha et al.,
2021). Disposable devices, which offer convenience and concealability at a lower initial cost
than reusable devices with interchangeable cartridges/pods, gained substantial market share
in the year before the enforcement prioritization policy (Delnevo et al., 2020; Williams,
2020). Use of disposable devices was widespread in the present work, the other national
online study (Gaiha et al., 2021), and 2020 NYTS findings (Wang et al., 2020). These results
suggest that flavors (i.e., menthol) and device types (i.e., disposables) not prioritized for
enforcement had already or would soon rank among those most used by young people.
However, not only were non-prioritized flavors and devices popular with youth, but flavors
(i.e., fruit and mint) and devices (i.e., cartridge-based) that were prioritized also persisted as
readily accessible and commonly used in the present data and other recent work (Gaiha et
al., 2021).

The emergence of fruit-ice combination flavors potentially contributes to increasing youth
use of mentholated e-cigarettes. Fruit-ice e-cigarette flavors gained substantial popularity
around the time of the 2020 FDA enforcement prioritization announcement (Gaiha et al.,
2021; Leventhal et al., 2021) and, among young adults, have been associated with more
frequent vaping and dual- use of combustible tobacco (Leventhal et al., 2021). Participants
in our study, when asked to endorse e-cigarette flavors they used from a list, selected
menthol less often than fruit (45% vs. 61%); however, considering fruit-ice flavors as a
form of both menthol and fruit greatly narrowed the popularity gap (any menthol: 70%,
any fruit: 74%). A survey of high school students in Connecticut emphasized the cooling
sensation produced by freeze, ice, or chill vape flavors over the word “menthol” and found
52% prevalence of cooling flavor use among e-cigarette users (Davis et al., 2021). Rather
than rely on respondents to recognize menthol as a flavor, survey instruments should include
ice, fruit-ice, and cooling terminology to capture menthol product use fully.

“Ice” flavors not explicitly characterized as menthol in their marketing also have
implications for tobacco control and regulation. In April 2021, the FDA announced a
commitment to work toward a proposed product standard to eliminate menthol as a
characterizing flavor in cigarettes and to ban all characterizing flavors in cigars, aimed

in part at reducing youth initiation (Food and Drug Administration, 2021a). Restricting the
additives that produce the cooling sensation rather than relying on a characterizing flavor
definition would be a more direct and enforceable approach to eliminate cooling flavors
(Davis et al., 2021).

In the present study, strong preference for mint or menthol comprised the largest class and
was associated with more lifetime and past 30-day e-cigarette use. While greater lifetime use
was also associated with fruit/sweet preference (compared to no strong preference), unlike
mint/menthol, fruit/sweet preference was associated with less dual-use of other tobacco. The
cross-sectional nature of the present study requires cautious interpretation, but it is possible
that sweet/fruit flavors are more attractive than mint/menthol flavors to youth at lower risk
for combustible tobacco use. Notably, female participants were more likely than males to
prefer sweet/fruit flavors, reminiscent of tobacco industry research showing that flavored
cigarettes would appeal to women and younger smokers (Carpenter et al., 2005).

Drug Alcohol Depend Rep. Author manuscript; available in PMC 2022 June 23.
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A previous latent class analysis of young adult e-cigarette users found that participants who
used multiple devices and flavors tended to vape more (Lanza et al., 2020). Similarly, a
study of high school students reported an association between greater e-cigarette use and
liking a larger number of flavors (Morean et al., 2018). Likewise, among middle school
students in Mexico, liking fruit flavors was associated with greater lifetime e-cigarette use
(Zavala-Arciniega et al., 2019). Together, these results suggest that young people with more
experience using e-cigarettes tend also to have stronger flavor opinions. Prospective findings
have shown that youth who use sweet, fruit, or buttery e-cigarette flavors are more likely
than users of mint/menthol, unflavored, or tobacco flavors to sustain their e-cigarette use
over time (Leventhal et al., 2019a).

While prior research has focused on the most appealing e-cigarette flavors, our study
revealed a novel class of individuals who strongly disliked certain flavors. Most participants
in this class had weak affinity for some flavors, strongly disliked one or two flavors, and
were not unified in which flavor(s) they disliked. Notably, participants in this class differed
from all other e-cigarette users in their endorsed reasons for vaping: addiction-related
reasons were much more prominent. For youth in this class, for whom nicotine dependence
is a potentially stronger driver than flavors of e-cigarette use, flavor restriction policies alone
may be insufficient to reduce their use. This suggests a need for multipronged policies,
including effective youth e-cigarette cessation treatments.

In August 2021, the FDA began announcing e-cigarette authorization decisions under the
Premarket Tobacco Product Application (PMTA) pathway (Food and Drug Administration,
2021b). The FDA denied marketing orders to many flavored products, granted authorization
to a single tobacco-flavored product, Vuse Solo, but as of this writing, had yet to decide

on some of the largest e-cigarette brands, including JUUL. In announcing its decision, the
FDA cited relatively low youth use of the Vuse brand and tobacco flavors in the 2021 NYTS
(Park-Lee et al., 2021). In the present study, use of tobacco flavor was indeed relatively
uncommon. However, the no preference latent class was the second largest and the group
most amendable to tobacco and unflavored e-cigarettes. In its pending PMTA decisions,

the FDA should consider both youth affinity for menthol e-cigarettes and the potential for
authorized tobacco flavored or unflavored e-cigarettes to become viable alternatives for the
many youth without strong flavor preferences.

Several study limitations should be considered. While this sample was diverse in its
sociodemographic characteristics, commercially administered panel survey respondents

are not necessarily representative of the general population (Miller et al., 2020). Online
survey panels may differ from the general population in their demographic and attitudinal
composition. This study was cross-sectional. It was not possible to track longitudinal
changes before and after enforcement prioritization. Only included were e-cigarette repeated
ever-users; thus, perceptions of e-cigarette never-users and overall population e-cigarette use
prevalence could not be estimated. It is possible that the FDA enforcement prioritization
policy deterred some youth from ever initiating e-cigarette use, and these individuals would
not be eligible for this study. Included e-cigarette non-users (i.e., former users) largely did
not perceive difficulty accessing flavored e-cigarettes.

Drug Alcohol Depend Rep. Author manuscript; available in PMC 2022 June 23.
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4.1. Conclusions

Funding

In summary, the present results indicate highly prevalent use of mentholated, fruit-flavored,
and both cartridge-based and disposable e-cigarettes among US adolescents and young
adults, with relatively few perceived difficulties in accessing desirable flavors. Distinct
classes of flavor preferences, however, demonstrate that youth are not monolithic in their
flavor affinities. Flavor preference profiles were associated with current e-cigarette behaviors
and reasons for use and could plausibly influence how youth respond to pending e-cigarette
control policies and regulations. Given the large proportions of youth who use and like most
all available flavors, policies that restrict all flavors (including menthol) across all tobacco
and e-cigarette product types are needed to meaningfully impact youth use of these products.

This work was supported by the National Institutes of Health and Food and Drug Administration [grant number
U54HL147127].

Role of funding source

The funding organizations had no role in the conduct of this research, including the study design, analysis, data
interpretation, manuscript drafting, or decision to publish. The views expressed are the authors’ and not official
positions of the funding organizations.

Abbreviations:

Cl confidence interval

FDA United States Food and Drug Administration
LCA latent class analysis

NYTS National Youth Tobacco Survey

PMTA Premarket Tobacco Product Application
RRR relative risk ratio
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Fig. 1. E-Cigarette Flavor Preference Latent Classes.
The figure shows flavor preference response patterns in the 5-class latent class analysis

solution. All participants were asked, “How much do you like the following flavors for
e-cigarettes or vapes?” for eight listed flavors (Fruit flavors; Candy or dessert flavors; Mint
flavors; Icy, frost, or menthol flavors; Combined icy flavors, like “icy fruit”; Alcohol flavors;
Tobacco flavor; Unflavored) with response options: strongly dislike; somewhat dislike;
neither like or dislike; somewhat like; strongly like. The height of the unfilled bars shows
the percent of the total sample that endorsed each option for each flavor. The height of the
filled bars shows the percent of the members assigned to the specific class that endorsed
each option for each flavor. For example, members of Class 1 were less likely than the

total sample to endorse strongly dislike, somewhat dislike, and neither like or dislike for the
flavor mint, while also being more likely than the total sample to endorse strongly like for
mint.
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