Adolescent and Young Adult Response to Hypothetical

E-Liquid Flavor Restrictions

NATASHA K. SIDHU, m.s., WILLIAM V. LECHNER, pu.p., SAM N. CWALINA, 8.s.,> LAUREN WHITTED, Mm.s.,}
SABRINA L. SMILEY, pi.p.,c JESSICA L. BARRINGTON-TRIMIS, pi.p.,>¢ JUNHAN CHO, pr.p.,54
THEODORE L. WAGENER, pi.p.,% ADAM M. LEVENTHAL, pi.D.,>?¢ & ALAYNA P. TACKETT, pH.p.>4*

“Department of Psychological Sciences, Kent State University, Kent, Ohio

bDepartment of Preventive Medicine, Keck School of Medicine, University of Southern California, Los Angeles, California
¢Division of Health Promotion and Behavioral Science, San Diego State University, San Diego, California

dInstitute for Addiction Science, University of Southern California, Los Angeles, California

¢Division of Medical Oncology, Department of Internal Medicine, Ohio State University Wexner Medical Center, Columbus, Ohio
ICenter for Tobacco Research, Ohio State University Comprehensive Cancer Center, Columbus, Ohio

ABSTRACT. Objective: Rates of e-cigarette use among adolescents and
young adults (AYAs) remain high despite several federal policy changes
intended to limit their availability and appeal. The current study exam-
ined how restricting flavors would affect current AYA users’ intentions
to discontinue vaping, as a function of their current flavor preference.
Method: In a national cross-sectional survey, AYA e-cigarette users (N
= 1,414) completed measures of e-cigarette use, device type, e-liquid
flavor (tobacco, menthol, cool mint, fruit ice, fruit/sweet), and intent to
discontinue e-cigarette use in response to hypothetical federal product
standards (i.e., tobacco and menthol or tobacco-only e-liquid). Logistic
regression was used to model the association of preferred flavor with
odds of discontinuing e-cigarette use (vs. continuing), for menthol and
tobacco hypothetical product standards. Results: Overall, 38.8% of the
sample reported intent to discontinue using their e-cigarette if tobacco

and menthol-flavored e-liquid were the only options available, whereas
70.8% would discontinue under a tobacco-only product standard. AYAs
preferring fruit/sweet flavor were most sensitive to either restricted
scenario, with odds of discontinuing use ranging from adjusted odds
ratio (aOR) = 2.22 to aOR = 2.38 under a tobacco and menthol product
standard and aOR = 1.33 to aOR = 2.59 under a tobacco-only product
standard, compared with other flavor preferences. In addition, AYAs
using cooling flavors (e.g., fruit ice) reported higher odds of discontinu-
ing use under a tobacco-only product standard, compared with menthol
flavor users, indicating an important distinction between these groups.
Conclusions: Results indicate potential for flavor restrictions to reduce
use of e-cigarettes among AYAs and suggest that a tobacco flavor prod-
uct standard may result in the greatest discontinuation of use. (J. Stud.
Alcohol Drugs, 84, 303-308, 2023)

SE OF E-CIGARETTES among youth in the United

States has increased substantially over time, despite
considerable declines in combustible tobacco use (Tam,
2021; Tam & Brouwer, 2021). Point prevalence estimates in-
dicate that between 20% and 30% of adolescents are current
(past-30-day) e-cigarette users, prompting several federal
agencies to call for increased resources to be allocated for
prevention and treatment efforts (Tam, 2021; Wang et al.,
2020). Estimates reported for 2021 show some encourag-
ing signs of decrease in past-30-day e-cigarette use among
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adolescents, although it has been posited that this may be
because of restrictions caused by the COVID-19 pandemic
(Choi & Abraham 2021).

Recent literature has highlighted that product flavor is
commonly cited as an important component in product se-
lection, with adolescents and young adults (AYAs) primarily
endorsing preference for sweet e-liquid flavor (e.g., fruit),
compared with preferences reported by older adult e-ciga-
rette users (Cullen et al., 2019; Huh et al., 2023; Leventhal et
al., 2019a; Shang et al., 2018). Furthermore, use of mint and
menthol e-liquids has recently increased among youth popu-
lations (Diaz et al., 2021; Leventhal et al., 2019b; Shang et
al., 2018). Examining methods to decrease the prevalence
of e-cigarette use among AYAs, including restrictions on
product flavors, is an important method to consider in order
to limit continued growth in prevalence rates and potentially
reverse trends in nicotine vaping within this age group.

Some insight can be gained from flavor restrictions placed
on combustible cigarettes and single e-cigarette manufactur-
ers. In late 2019, JUUL suspended the sale of fruit flavors
and mint. In February of the following year, the U.S. Food
and Drug Administration (2020) issued a policy to enforce
compliance for sales of unauthorized e-cigarettes if they were
flavored, closed cartridge-based electronic nicotine delivery
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systems products. Indeed, sales of pod- or cartridge-based e-
cigarettes decreased; however, sales of disposable e-cigarettes,
not included in the flavor restriction policy, increased (Wang
etal., 2020). Importantly, these policies and standard changes
excluded menthol-flavored products, and, subsequently, sales
of menthol-flavored pods/cartridges increased by 155% from
January 2019 to March 2020 and accounted for 60% of all
pods/cartridge sales in March 2020 (Wang et al., 2021). More
recently, on April 29, 2021, the Food and Drug Administra-
tion announced a commitment to ban menthol-combustible
cigarettes and all flavored cigars in a step to reduce harm to
youth. Although the press release noted that the Food and
Drug Administration will remain focused on its regulatory
oversight of e-cigarettes, no specific commitment was made
to prohibit the sale of menthol flavors in noncombustible
products at the time of release. The extent to which these
results might extend to AYA e-cigarette use is unknown.

It is logical to expect that establishing a product standard
that only allows tobacco- and menthol-flavored e-liquid may
affect consumer preferences. However, evidence addressing
this possibility is limited. How different flavor restrictions
(e.g., removal of all flavors except tobacco or tobacco and
menthol) may affect use intention by flavor preference has
not yet been examined among AYA populations. Recent
literature has documented emerging changes in preferred
flavors used by AYAs, including growth in users of new fruit
“ice” flavors (Leventhal et al., 2023). Given the likelihood
of continued changes in the proportion of AYAs preferring
various e-liquid flavors, it may prove valuable to understand
how federal restrictions on e-liquid flavor would affect the
intention to discontinue vaping, as a function of individual
flavor preference.

Method

We used a national convenience sample of AYA e-ciga-
rette users ages 14-21 years to capture data for participants
during a period where e-cigarette initiation and use are high
(Barrington-Trimis et al., 2020). Data for this study were
collected in August 2020 using Lucid (Cint Group Company,
New York, NY) online survey management company. Re-
cruitment, data collection, and compensation were handled
by the survey management company. No personal identifi-
able information was collected as part of this study. Per the
Children’s Online Privacy Protection Rule (2013), no chil-
dren below age 13 were able to access the Qualtrics platform
or participate in the study; participant age was verified by
Lucid survey management. The study was approved by the
institutional review board (IRB) at a midwestern academic
medical center. The IRB-approved consent was presented to
participants with an accompanying study description. Par-
ticipants were informed that “by clicking the agree button
below confirms that I agree with the above information and
that I agree to take part in this study.”

Participants

Quota sampling was used to identify youth and young
adults who met each of the following inclusion criteria: (a)
between ages 14 and 21 at the time of enrollment and (b)
self-reported current e-cigarette use. Data were restricted
in the present analyses to current e-cigarette users only (N
= 1,411), specifically users who reported use at least 1 day
over the 30 days preceding survey completion.

Measures

Demographics. Participants provided information (cat-
egories detailed in Table 1) on participant and family char-
acteristics, including age, race, gender identification, and
socioeconomic status.

E-cigarette device preference. Participants were asked
which type of e-cigarette was their main device (i.e.,
“Which e-cigarette type do you currently use most often?”).
Response options were disposable e-cigarette (e.g., Puff
Bar, Cali Bar, SEA Pod, Eon ST!K), cartridge-based closed
e-cigarette (e.g., JUUL, Vuse, myblu, EON Pods), cartridge-
based refillable e-cigarette (e.g., SMOK Novo, Caliburn
KOKO, Suorin, Mi-Pod), and e-cigarette tank/mod tank (e.g.,
Horizon Falcon 2, Aspire Nautilus).

Past-30-day use covariates: E-cigarette and cigarette use.
Frequency was assessed in the 30 days preceding study com-
pletion: “In the past 30 days, how many total days have you
used this product” (range response options were 0 days—30
days).

E-cigarette flavor preference. Participants were also
asked to indicate their primary flavor preference (i.e., “What
flavor [type of e-cigarette device] do you typically use?”).
Response options were fiuit (sweet/nonmenthol; e.g., Pine-
apple Lemonade, Blue Raspberry), Fruit with menthol (e.g.,
Lycée Ice, Juicy Grape Ice, Banana Ice), tobacco, traditional
menthol, and cool mint. Response options did not include an
option for selecting “other”; thus, participants who chose to
respond to the flavor question had to select one of the five
general categories provided.

Nicotine dependence. E-cigarette nicotine dependence
was assessed using the validated four-item E-cigarette
Dependence Scale (EDS; Morean et al., 2018). Response
options were provided in a 5-point Likert scale ranging
from O (never) to 4 (always), and the mean total was used in
analyses (Cronbach’s o = .861).

Hypothetical product standard. Yes/no responses to a hy-
pothetical product standard were assessed using the follow-
ing questions: (1) “Would you use your [type of e-cigarette
device] if it were only available in tobacco and menthol
flavors?” and (2) “Would you use your [type of e-cigarette
device] if it were only available in tobacco flavor?” This
allowed for the formation of possible tobacco product stan-
dards (tobacco and menthol or tobacco only).
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TaBLE 1. Binary logistic regression examining odds of discontinuing e-cigarette use under tobacco and menthol or

tobacco-only product standards

Tobacco and menthol

Tobacco only

Lower Upper Lower Upper

Variable aOR 95% 95% aOR 95% 95%
Preferred current flavor

Tobacco ref. ref. ref. ref. ref. ref.

Menthol 0.76 0.13 443 6.66%* 2.71 16.42

Cool mint 8.72%* 1.98 38.47 10.05%* 4.08 24.75

Fruit ice 8.12%* 1.89 34.87 12.96%* 5.47 30.67

Fruit 19.36** 4.54 82.85 17.24%* 7.33 40.56
Device type

Closed cartridge (ref.)

Disposable 1.75%%* 1.28 2.38 1.29 0.93 1.77

Refillable cartridge 1.15 0.75 1.76 0.89 0.59 1.34

Tank/mod tank 1.41 0.82 243 1.19 0.68 2.09
Gender

Female (ref.)

Male 0.79 0.58 1.09 0.66%* 0.48 0.89

Other/gender minority 0.53 0.21 1.39 0.29%%* 0.13 0.65
Race

White (ref.)

Black/African American 0.68 0.41 1.16 1.60 0.88 2.92

Hispanic White 1.11 0.56 2.98 0.99 0.69 1.41

Hispanic African American ~ 0.82 0.46 1.47 1.18 0.45 3.13

Multiracial 1.02 0.36 2.87 0.99 0.61 1.59

Another race 0.76 0.39 1.47 0.84 0.49 1.46
Age (years) 1 11%* 1.02 1.19 1.09* 1.01 1.07
Past-month e-cigarette use

(0-30 days) 0.97%%* 0.96 0.98 0.994 0.98 1.01
Past-month cigarette use

(0-30 days) 0.97%%* 0.96 0.99 0.97** 0.95 0.98
Nicotine dependence

(EDS, range: 0-4) 0.68%* 0.59 0.78 0.66** 0.58 0.76
Perceived family financial

well-being P (range: 0-4) 1.06 0.93 1.21 1.11 0.97 1.27

Notes: aOR = Adjusted odds ratio; ref. = reference; other/gender minority = transgender, genderqueer, genderfluid,
other; EDS = E-cigarette Dependence Scale. Perceived family financial well-being = family’s financial situation using
the following item: “Would you say that, in general, your family is financially better or worse off than other families?”
with response options as follows: much better, better, same, worse/a little worse, or a lot worse, with higher scores

indicating lower perceived family financial well-being.
*p <.05; **p <.01.

Analytic strategy

Binary logistic regression models generated odds ratios
for a “yes” (vs. “no”) response to discontinuing e-cigarette
use given a hypothetical flavor product standard for tobacco
and menthol and tobacco only (presented in Table 1). The
main referent for each analysis presented in Table 1 was
tobacco flavor; other comparisons are listed in the text only.
Comparisons were then made between each flavor preference
group (e.g., odds of discontinuing use for fruit vs. cool mint
preference groups). Covariates were selected a priori based
on the extant e-cigarette literature and included age, race/
ethnicity, gender identification, past-30-day e-cigarette and
cigarette use frequency (days: 0-30) respectively, device
type, nicotine dependence, and perceived family financial
well-being (all categories listed in Table 1). To determine if
the number of individuals discontinuing e-cigarette use under
the tobacco and menthol versus tobacco-only flavor product
standards was significantly different, we used a McNemar’s

test with continuity correction. In addition, we conducted
a sensitivity analysis to evaluate the potential for individu-
als age 21 to confound reporting given that they have legal
access to products, whereas younger individuals did not.
Analyses that included only individuals ages 14-20 revealed
no differences in significance or direction as those reported
in this article.

Results
Participants/sample

Respondents (N = 1,414) were majority female (79.6%)
and White (61.9%) and had a mean age of 18.9 years (SD =
1.6 years). The average age at first e-cigarette use was 16.15
(SD = 2.04). The average self-reported days of e-cigarette
use within the past month was 15.75 days (SD = 11.16).
Fruit (n = 641; 45.3%) and fruit ice (n = 431; 30.5%) were
endorsed as the most preferred flavors in the current sample,
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followed by cool mint (n = 151; 10.7%), menthol (n = 144;
10.2%), and tobacco (n = 47; 3.3%). Disposable devices
were the most common device type used (n = 662; 47.0%).
Among those endorsing past-month combustible cigarette
use (n =394, 27.8%), the average reported consumption was
12.6 days (SD = 11.1).

Primary analyses

Tobacco and menthol versus tobacco-only product
standard. Overall, significantly more AYAs (70.8%) indi-
cated that they would discontinue use of their e-cigarette
if tobacco-flavored e-liquid was the only option available,
compared with 38.8% discontinuing e-cigarette use under
the tobacco and menthol flavor product standard, %2(1)
= 450.0, p < .001. In addition, when examining flavor
preference groups in isolation, significantly more AYAs
indicated discontinuing use under the tobacco-only product
standard, compared with the tobacco and menthol standard
within the fruit preference group (78.5% vs. 54.0%), (1)
= 155.01, p < .001; fruit ice (73.1% vs. 34.6%), x*(1) =
164.01, p < .001; and cool mint (66.9% vs. 31.8%), (1) =
51.02, p <.001, respectively.

Tobacco and menthol flavor product standard. Those
who preferred fruit, fruit ice, and cool mint demonstrated
significantly higher odds of discontinuing vaping if their
preferred flavor was no longer available (Table 1). AYAs who
preferred fruit flavors had the greatest odds of discontinuing
e-cigarette use in response to a hypothetical tobacco and
menthol product standard. Fruit preference was associated
with higher odds of discontinuing e-cigarette use, compared
with menthol (adjusted odds ratio [aOR] = 29.31, 95% CI
[10.50, 81.89]), fruit ice (aOR = 2.38, 95% CI [1.81, 3.13]),
and cool mint (aOR = 2.22, 95% CI [1.50, 3.35]). In addi-
tion, those preferring fruit ice (aOR = 11.96, 95% CI [4.23,
33.79]) and cool mint (aOR = 12.30, 95% CI [4.23, 35.74])
reported a higher odds of discontinuing use, compared with
menthol users (data not presented in tables). No significant
differences were observed between cool mint and fruit ice
preference groups.

Tobacco flavor product standard. AYAs endorsing any
other flavor preference than tobacco had significantly higher
odds of discontinuing e-cigarette use, compared with those
retaining their flavor preference under the hypothetical to-
bacco product standard (Table 1). Similar to the results of
the tobacco and menthol product standard, AYAs preferring
fruit flavor were most sensitive to the tobacco-only hypo-
thetical product standard. This group had higher odds of
discontinuing use, compared with those preferring menthol
(aOR = 2.59, 95% CI [1.76, 4.10]) or cool mint (aOR =
1.71, 95% CI [1.12, 2.61]), and a trend toward significantly
higher odds, compared with those preferring fruit ice (aOR
= 1.33, 95% CI [0.98, 1.8], p = .06; data presented in text
only). In addition, fruit ice users were significantly more

likely to discontinue use of their e-cigarette under a tobacco-
only standard, compared with menthol users. No significant
differences were observed between cool mint and fruit ice or
cool mint and menthol preference groups, respectively.

Discussion

Findings suggest that an e-cigarette product standard
limiting the availability of e-liquid flavors to only tobacco
and menthol is associated with increased intent to dis-
continue e-cigarette use among AYAs. Furthermore, sig-
nificantly more AYAs reported intention to discontinue use
under a tobacco-only standard in comparison to a tobacco
and menthol standard. AYA e-cigarette users reported odds
ranging from aOR = 6.66 to 29.31 of discontinuing vaping
if their preferred flavors were unavailable in comparison
to those retaining their preferred flavor under the product
standards examined. This indicates that the effect size of
e-liquid flavor preference on intentions to discontinue e-
cigarette use is very large. In line with expectations, odds
of hypothetically discontinuing e-cigarette use under both
flavor product standards decreased with increasing nicotine
dependence levels. In addition, significant but modest re-
lationships were observed between discontinuing use and
age (years), as well as past-month cigarette use under both
flavor product standards.

More granular analysis between groups revealed that the
greatest odds of discontinuing use were observed among
those endorsing a preference for fruit flavors. Importantly,
the fruit preference group was the most common, compris-
ing nearly half of the current sample. Significantly more
individuals in this group reported that they would discon-
tinue use of their e-cigarette under a tobacco-only product
standard, compared with a tobacco and menthol product
standard allowing menthol products to be used. This has
potential implications for policy considerations and dem-
onstrates that a menthol ban may affect users beyond those
specifically preferring menthol and other cooling flavors
(e.g., fruit ice and cool mint). It is also important to high-
light that fruit ice users represent the second largest group
in the current study. Fruit ice (e.g., lychee ice, watermelon
lime freeze) encompasses an emerging group of e-liquid
flavors that combine fruit with the cooling sensation of
menthol.

In this study, users of e-cigarettes with fruit ice fla-
vor were more likely to discontinue use under a tobacco
product flavor standard, compared with those using
menthol-flavored e-cigarettes, which represents an impor-
tant difference between these groups that are sometimes
categorized together. Taken together, the current results
demonstrate that a tobacco-only product standard may
increase intent to discontinue vaping for all groups other
than tobacco flavor users, with the largest effects observed
for those using fruit and nonmenthol cooling flavors.
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Limitations/future directions

The use of a convenience sample that was majority White
and majority female limits the generalizability of our results,
despite covariation for both variables. Future studies may
benefit from an examination of hypothetical decisions to
switch to combustible cigarettes or to attempt quitting nico-
tine use altogether in the context of flavor restrictions (Kasza
et al., 2021; Smith et al., 2021). Likewise, it is possible that
some participants may have interpreted the hypothetical
product standard being applied to only their brand, rather
than across all e-cigarette manufacturers. Thus, responses
indicating intent to discontinue use may also include indi-
viduals who would switch to a different product if it were
available. Flavor preference categories included five choices
rather than an open response option; thus, participants who
used flavors that did not fit well within the broad categories
described may potentially be misclassified. In addition,
future studies may benefit from including more detailed
analysis of past combustible cigarette use, including use of
menthol cigarettes. Given the nationwide survey method
used, it is possible that some participants were located in
areas that had differing bans in place at the time of survey
completion. Thus, some participants’ responses could have
been affected by these bans.

Conclusions

In summary, in this sample of AYA current e-cigarette
users, flavor preference was differentially associated with
discontinuing use under hypothetical product scenarios.
Compared with a tobacco and menthol product standard, a
tobacco-only standard resulted in substantial increases in in-
tentions to discontinue e-cigarette use across all comparison
groups. This included significant increases in reported inten-
tion to discontinue use if menthol flavor were unavailable
that extended beyond those who prefer menthol or cooling
flavors. We also demonstrated that menthol bans may have
more of an impact on fruit ice users than on menthol users
themselves. Future research that examines the effect of flavor
preference on subsequent vaping behavior within experimen-
tal designs will provide valuable insight into the relation-
ships we observed in this study. If the current self-reported
intentions extend to behavior in the natural environment,
significant resources and effective vaping cessation programs
for youth should accompany any policies restricting flavors.
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