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Abstract

Objective: In this study, we assessed differences in type, number, and perceptions of ENDS
flavors used at initiation and currently among 4 smoking and ENDS use profiles of US adults with
a history of smoking and ENDS use.

Methods: Our nationally representative survey sample included 1814 participants. We estimated
Rao-Scott Xz and adjusted odds ratios. Use profiles included: (1) Dual Users (current smokers/
current ENDS users), (2) ENDS Rejecters (current smokers/former ENDS users), (3) Switchers
(former smokers/current ENDS users), and (4) Quitters (former smokers/former ENDS users).

Results: Multiple flavor use at initiation was associated with higher odds of being a Dual User or
Switcher. Those who used mint/wintergreen/menthol flavored ENDS at initiation had lower odds
of being an ENDS Rejecter (vs Dual User). Current use of tobacco/unflavored or menthol/mint/
wintergreen flavor was associated with higher odds of being a Dual User (vs Switcher). Switchers
were more likely to perceive flavors as safe in ENDS and rate flavors as important to their ENDS
use.

Conclusions: Multiple flavor use at initiation, perceiving flavors as safe, and use of specific
flavors (mint/wintergreen/menthol) at initiation may discourage rejecting ENDS. However, current
use of traditional cigarette flavors (ie, tobacco, menthol) may promote sustained smoking.
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There is a debate concerning the utility of electronic nicotine delivery systems (ENDS; such
as e-cigarettes) as a harm reduction tool.1 Some research suggests that ENDS could provide
a net population health benefit by reducing cigarette smoking prevalence as smokers switch
to exclusive ENDS use or quit both smoking and using ENDS.1 Conversely, other research
suggests that ENDS may have a negative net harm, resulting in cigarette use among youth
and young adults, sustained smoking and nicotine dependence among cigarette smokers who
are struggling to quit, and dual use of cigarettes and ENDS.2 Consequently, there is a
growing literature aimed at elucidating influences of ENDS use, and flavors have emerged
as a potentially important factor.3-10

Although characterizing flavors, except tobacco and menthol, were banned in cigarettes in
2009 under the Family Smoking Prevention and Tobacco Control Act (Tobacco Control
Act), the sale of other flavored tobacco products, such as ENDS, is still allowed in the
United States (US). Use of flavored tobacco products is associated with poly-tobacco use
and those whose first tobacco product was flavored are more likely to be current tobacco
users.811 Similarly, nationally representative surveys demonstrate that flavored ENDS are
among the most frequently used flavored tobacco products and that most youth, young
adults, and adults alike initiate ENDS use with a flavor other than tobacco.5:7:9:11.12
Moreover, ENDS users have cited characterizing flavors as important to their initiation and
use of ENDS®:8:9.12-16 and their ability to quit smoking cigarettes.*>17 However, since
2011, particularly within the past year, there has been a considerable increase in youth
ENDS use; this increase is partially attributed to flavors in ENDS.18:1° Thus, in November
2018 the US Food and Drug Administration (FDA) expressed intent to restrict the sale of
flavored ENDS with the exception of unflavored, tobacco, mint, and menthol to retail
locations that do not allow minors where these products are sold, and to require enhanced
age verification for the sale of ENDS by online retailers. In addition, the FDA announced
that it is considering a proposed rulemaking to ban menthol in combustible tobacco products
to accompany steps to protect youth by preventing access to flavored tobacco products.20

As the FDA prepares to regulate non-traditional flavors (ie, fruit, candy, coffee) in ENDS, it
is important to clarify the role flavors play in helping or hindering current cigarette smokers’
switch to non-combustible tobacco products, such as ENDS, or ideally, quitting smoking
entirely. However, there is little research on this topic, and one systematic review found
inconclusive evidence about the role of flavored ENDS in smoking cessation.12 Moreover,
there is scant research about the impact on use behavior or perceived safety of flavors in
ENDS among those with a history of both cigarette and ENDS use.12 Such research is
needed to understand how perceptions of flavors in ENDS contribute to their harm reduction
potential, specifically non-traditionally flavored ENDS, as well as gain general insight into
public perceptions regarding the importance and safety of ENDS flavors. For example, it is
conceivable that adult smokers with negative perceptions towards flavors in ENDS may be
less likely to use flavored ENDS, and in turn, potentially less likely to be successful at
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quitting smoking. Similarly, adult smokers’” and ENDS users’ perception (or lack thereof) of
ENDS flavors as an important contributor to their adoption/continued use of ENDS has
direct implications for FDA regulation.

Using 2 years of cross-sectional data from a national sample, we examined the association
between perceptions and use of flavored ENDS during ENDS initiation and current use
among 4 cigarette smoking and ENDS use profiles: Dual Users of cigarettes and ENDS,
ENDS Rejecters (current cigarette smokers, former ENDS users), Switchers (former
cigarette smokers, current ENDS users), and Quitters (former cigarette smokers, former
ENDS users). We hypothesized that use of non-traditional flavors and multiple flavors, in
particular fruit, would be associated with being a Switcher (and being a Dual User for
multiple flavor use) while use of traditional flavors (ie, tobacco, menthol) would be
associated with being a Dual User, Switcher, and/or Quitter of both products. Lastly, we
hypothesized that perceiving ENDS flavors as safe would be associated with being a
Switcher or Dual User versus being an ENDS Rejecter or Quitter.

METHODS

Procedure and Sample

Our data came from the 2016 and 2017 cross-sectional Tobacco Products and Risk
Perceptions Surveys conducted by the Georgia State University (GSU) Tobacco Center of
Regulatory Science (TCORS). Participants were recruited through GfK’s KnowledgePanel,
a probability-based Web panel designed to be representative of non-institutionalized US
adults, with a representative oversample of cigarette smokers. Participants were provided
with small, cash-equivalent compensation.

Data from both surveys were pooled to improve estimate precision. Data collection occurred
in September/October 2016 and August/September 2017; the 2017 sample excluded anyone
who completed the 2016 survey. In 2016, a total of 8125 KnowledgePanel members were
invited to participate. Of the 6061 qualified completers, 47 cases were excluded due to
refusing to answer more than half of the survey questions, yielding an analytic sample of
6014. In 2017, a total of 8229 KnowledgePanel members were invited to participate. Of the
6033 qualified completers, 22 cases were excluded due to refusing to answer more than half
the survey questions and 19 were removed due to low duration (<3 minutes) or being
flagged twice for highly improbable or incompatible responses, yielding an analytic sample
of 5992. Final stage completion rates of 74.0% and 74.3% were obtained for the 2016 and
2017 samples, respectively. A study-specific post-stratification weight was computed using
an iterative proportional fitting (raking) procedure to adjust for survey non-response and
oversampling of smokers. Demographic and geographic distributions from the 2017 Current
Population Survey (CPS) were utilized as benchmarks for adjustment, and included sex, age,
race/ethnicity, census region, education, household income, and metropolitan area.
Participants in the present study were restricted to those with a history of both cigarette
smoking and ENDS, forming a final analytic sample of 1814.
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Smoking status.—Participants who indicated that they had smoked at least 100 cigarettes
in their lifetime were asked: “Do you currently smoke cigarettes every day, some days, or
not at all?” Those who responded “every day” or “some days” were considered current
smokers, and those who responded “not at all” were considered former smokers.

ENDS use.—Participants were provided with a description of ENDS, including mention of
different terminology and ENDS types (eg, e-cigarettes, e-cigars, e-hookahs, e-pipes, vape
pens, hookah pens, or personal vaporizers/mods) and shown pictures of example ENDS.
Those respondents reporting awareness of ENDS were asked whether they had ever used
ENDS. Those who ever used ENDS were asked: “Do you now use electronic vapor products
every day, some days, rarely, or not at all?”” Those who reported using ENDS “every day,”
“some days,” or “rarely” were considered current ENDS users; persons responding “not at
all” were considered former ENDS users. Those who reported ever using ENDS were also
asked: “Have you ever used electronic vapor products fairly regularly?” Use of ENDS
containing nicotine (“Does/did the electronic vapor product you usually use/used contain
nicotine?”) was assessed among current ENDS users or those who reported ever using
ENDS fairly regularly.

Cessation attempts.—Current cigarette smokers who indicated that they had ever made a
serious attempt to quit smoking (ie, stopped smoking for at least one day or longer because
they were trying to quit) reported the number of past year cigarette quit attempts. Current
ENDS users also reported the number of past year ENDS quit attempts.

Cigarette smoking/ENDS use profiles.—Participants were classified into 4 use
profiles that comprised the analytic sample for this study: Dual Users (N = 598), ENDS
Rejecters (N = 891), Switchers (N = 112), and Quitters (N = 213). Dual Users were defined
as current cigarette smokers who were also classified as current ENDS users; ENDS
Rejecters as current cigarette smokers who were former ENDS users; Switchers as former
cigarette smokers who were current ENDS users; and Quitters as former cigarette smokers
who were former ENDS users. Data were collected to ascertain whether participants also
currently used traditional cigars or little cigars, cigarillos, or filtered cigars (LCCs).
Respondents who were “‘every day’ or ‘some day’ traditional cigar and/or LCC users
(Switcher: N = 10; Quitter: N = 12) were excluded from analyses to restrict the analytic
sample to former smokers who were not regular non-cigarette combustible tobacco users.

Moreover, using self-reported current age, age at ENDS initiation, and year/age of cigarette
smoking cessation, we determined whether participants began using ENDS prior to, at the
same time (within the same year), or after their cigarette quit date. Those who began using
ENDS one year or later following their cigarette quit date (Switcher: N = 64; Quitter: N =
170) were excluded to restrict the analytic sample to those who could have potentially used
ENDS as a smoking cessation aid. Exploratory analyses indicated that many of those who
were excluded initiated ENDS use following an established period of smoking abstinence.

Tob Regul Sci. Author manuscript; available in PMC 2019 November 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jones et al.

Page 5

Flavored ENDS use.—Flavored ENDS use at ENDS initiation was assessed by asking
ever ENDS users: “When you first started using electronic vapor products, which flavor(s)
did you use?” Flavored ENDS use now was assessed by asking current ENDS users: “Which
flavors of electronic vapor products do you use most often?” Flavor categories for both items
included mint or wintergreen, menthol, fruit, coffee, candy or dessert flavors, spice, alcohol
or cocktail, non-alcoholic or non-coffee drink, tobacco flavor, unflavored, and an “other’/
write-in option. Responses from the other/write-in option were excluded as most referred to
marijuana use or the flavor category was unclear. All characterizing flavor response options
included examples and participants had the response options of ‘yes’ and ‘no’. Participants
could respond yes to more than one flavor category.

Perceptions of flavors in ENDS.—Current ENDS users rated the importance of several
reasons for ENDS use, including “They come in flavors | like,” with a 7-point scale ranging
from “0 = Not at all important” to “6 = Very Important.” Participants also rated their
agreement with the following statement: “Flavor additives are safe to use in electronic vapor
products” using a 5-point scale ranging from “Strongly Disagree” to “Strongly Agree” and a
“Don’t Know” option. Response categories were collapsed to a 3-point scale including,
“Disagree” or “Neither Disagree nor Agree” and “Agree” with a “Don’t Know” option in
analyses.

Demographic characteristics.—Sex, age, race/ethnicity, education, region, and annual
household income were obtained from GfK profile surveys.

Data Analysis

RESULTS

Weighted point estimates and 95% confidence intervals were obtained using SAS 9.4. Rao-
Scott x 2 tests were conducted to examine associations between flavored ENDS use during
ENDS initiation and now, perceived safety of flavors in ENDS, and the 4 use profiles
(dependent variable); weighted t-tests were used to examine use profile differences in rated
importance of flavors as a reason for ENDS use. Multivariable binomial and multinomial
logistic regression analyses also were conducted, controlling for sex, age, race/ethnicity,
education, and income. Moreover, Dual Users, who use both ENDS and cigarettes, served as
the reference group in regression analyses for comparisons with other use profiles,
especially Switchers, who represent harm reduction provided that smokers utilized ENDS to
aid their smoking cessation. Because data were pooled to increase estimate precision,
separate models with each 2-way interaction term between flavor variables and survey year,
all flavor category variables, and demographic characteristics were included to assess
whether associations differed by survey year. Interaction terms were not statistically
significant at the a = .05 level; therefore, final models did not include interaction terms.

Demographic Characteristics, ENDS Use Characteristics, and Cessation Attempts

Dual Users and ENDS Rejecters, both comprised of current cigarette smokers, were similar
in terms of income and education (Table 1) and comprised 72.9% of our analytic sample.
More than one-fifth of Dual Users and ENDS Rejecters had less than a high school
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education and about one-third had an annual income of less than $25,000. Following
adjustment for demographic characteristics, being aged 25 or older (vs 18-24) (adjusted
odds ratio (AOR)s 0.19 to 0.50) and having high school or some college (vs college degree
+) (both AORs: 0.62) was associated with lower odds of being a Dual User as compared to
an ENDS Rejecter (data not shown). Conversely, Switchers and Quitters, both comprised of
former cigarette smokers, were also similar in terms of income and race/ethnicity; over one-
fourth had an annual income of $100,000 or greater and three-fourths were non-Hispanic
white. No associations were observed by demographic characteristics among Switchers and
Quitters (data not shown).

The use profiles also differed by ENDS use characteristics and cessation attempts of both
cigarettes and ENDS (bottom of Table 1). Whereas 67.1% of Switchers reported currently
using ENDS daily, only 15.3% of Dual Users reported current daily ENDS use.
Additionally, 85.0% of Switchers reported having ever used ENDS fairly regularly
compared to only 55.4% of Dual Users, 22.9% of ENDS Rejecters, and 30.1% of Quitters.
Among current ENDS users and those who ever used ENDS fairly regularly, 92.8% of
Quitters reported using ENDS with nicotine as compared to 74.0% of Switchers and around
85% of Dual Users and ENDS Rejecters. Among those who reported having ever made a
serious cigarette quit attempt, nearly three-fourths of Dual Users (71.6% [95% CI: 66.5,
76.8]) had made at least one cigarette quit attempt in the past year. Conversely, only 50.9%
(95% CI: 46.0, 55.7) of ENDS Rejecters had made at least one cigarette quit attempt in the
past year. We also examined past year ENDS quit attempts and found that 28.4% (95% ClI:
23.3, 33.5) of all Dual Users had made at least one ENDS quit attempt in the past year as
compared to only 9.3% (95% CI: 3.5, 15.1) of Switchers.

ENDS Flavor Perceptions

Table 2 shows the agreement with the statement: “Flavor additives are safe to use in
electronic vapor products” by use profile. About one-fourth (22.2%) of Dual Users agreed
with this statement compared to one-third (33.2%) of Switchers and less than 15% of ENDS
Rejecters and Quitters. Conversely, approximately 7% of Switchers disagreed with this
statement compared to 20%-30% of the other use profiles; 33%-42% of each use profile
neither disagreed nor agreed with this statement, and 15%-25% reported they did not know.
In adjusted analyses, those who expressed agreement (vs neutrality or disagreement) had
lower odds of being an ENDS Rejecter (AOR: 0.54 [95% ClI: 0.36, 0.81]) or Quitter (AOR:
0.54 [95% ClI: 0.31, 0.95]) but higher odds of being a Switcher (AOR: 1.76 [95% ClI: 1.03,
2.99]) versus being a Dual User. Current ENDS users also rated the importance of flavors in
their use of ENDS. On average, Switchers rated ENDS flavors as being more important as a
reason to use ENDS (Mean: 4.08 [95% CI: 3.64, 4.53]) as compared to Dual Users (Mean:
3.43[95% CI: 3.21, 3.65]). Following adjustment for demographic characteristics, there was
a 16% lower odds of being a Dual User for every 1-point increase in the rated of importance
of flavors (AOR: 0.84, [95% CI: 0.73, 0.97], p = .019).

Flavored ENDS Use at ENDS Initiation

The use profiles differed in the prevalence of flavored ENDS use at initiation (Table 3).
About half of persons in each use profile reported use of tobacco or unflavored ENDS and at
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least one-third of persons in each use profile reported use of mint, wintergreen, or menthol
flavored ENDS at initiation. Dual Users and Switchers were more likely than ENDS
Rejecters and Quitters to report using fruit flavor (> 50% vs < 40%), candy/dessert (>30%
vs < 20.5%), coffee/alcohol (~20% vs 10%), or spice and other (non-coffee, non-alcohol)
beverage flavors (~20% vs < 10%) at initiation. However, following adjustment for
demographic characteristics and use of all other flavor categories, there were few
statistically significant differences. Those who reported using mint, wintergreen, or menthol
flavored ENDS when they initiated use had lower odds of being an ENDS Rejecter (AOR:
0.69 [95% CI: 0.50, 0.96]) compared to being a Dual User (Table 3). Meanwhile, use of
spice or other (non-alcoholic, non-coffee) beverage flavored ENDS at initiation was
associated with lower odds of being a Quitter (AOR: 0.42 [95% CI: 0.20, 0.88]) as compared
to being a Dual User, following covariate adjustment. ENDS flavor categories used at
initiation did not predict differences in the odds of being a Switcher as compared to being a
Dual User.

In a different comparison (Switchers as reference group), use of fruit flavored (AOR: 0.50
[95% CI: 0.27, 0.94]) and candy or dessert flavored ENDS (AOR: 0.50 [95% CI: 0.25,
0.99]) at initiation was associated with lower odds of being an ENDS Rejecter following
covariate adjustment (data not shown). Moreover, use of spice or other (non-alcoholic, non-
coffee) beverage flavored ENDS at initiation was associated with lower odds of being a
Quitter (AOR: 0.35 [95% CI: 0.13, 0.89]) (data not shown).

Compared to using only one ENDS flavor category at initiation, use of 2 flavor categories
and 3 or more ENDS flavor categories was associated with lower odds of being an ENDS
Rejecter (AOR: 0.58 [95% CI: 0.40, 0.85]; AOR: 0.35 [95% CI: 0.24, 0.52], respectively)
and Quitter (AOR: 0.60 [95% CI: 0.37, 0.97]; AOR: 0.37 [95% CI: 0.22, 0.64], respectively)
as compared to being a Dual User (Table 3). Additionally, use of 2 flavor categories and 3 or
more ENDS flavor categories at initiation was associated with lower odds of being an ENDS
Rejecter (AOR: 0.52 [95% CI: 0.28, 0.96]; AOR: 0.31 [95% CI: 0.17, 0.59], respectively)
and use of 3 or more ENDS flavor categories at initiation was associated with lower odds of
being a Quitter (AOR: 0.33 [95% CI: 0.16, 0.68]) as compared to being a Switcher (data not
shown).

Flavor Use Most Often Now

Current ENDS users (Dual Users and Switchers) also reported the ENDS flavors that they
currently use most often now (Table 4). Although Dual Users and Switchers reported current
use of candy/dessert, coffee/alcohol, and spice/other beverage flavored ENDS at similar
rates, Dual Users had a higher prevalence of current use of tobacco or unflavored (38.9% vs
24.3%) and mint, wintergreen, or menthol (38.8% vs 23.8%) flavored ENDS. Conversely,
Switchers had a higher prevalence of current use of fruit flavored ENDS (52.4% vs 44.4%).
Following adjustment for all other flavor categories and demographic characteristics, use of
tobacco or unflavored ENDS (AOR: 0.28 [95% CI: 0.13, 0.58]) and mint, wintergreen, or
menthol flavor (AOR: 0.41 [95% CI: 0.20, 0.87]) was associated with lower odds of being a
Switcher as compared to being a Dual User. No statistically significant association was
found with use of the remaining ENDS flavor categories (Table 4).
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Changes in Flavor Categories Used between Initiation and Now

Currently used ENDS flavor categories by flavor categories used at initiation are shown in
Table 5. Generally, most Dual Users and Switchers who initiated with a given flavor
category reported current use of that flavor category. Similarly, less than 10% of those who
did not initiate with a given flavor category reported currently using it. Among both use
profiles, tobacco/unflavored, mint/wintergreen/menthol, and fruit flavor were most
commonly used at initiation, with fewer participants initiating with other flavor categories.
However, a significantly higher proportion of Dual Users initiated with and continued to use
tobacco/unflavored and mint/wintergreen/menthol flavored ENDS while a higher, although
not significantly different, proportion of Switchers initiated with and continued to use fruit
flavored ENDS.

DISCUSSION

Our findings indicate several differences among Dual Users, ENDS Rejecters, Switchers,
and Quitters related to risk perceptions of flavors in ENDS and flavored ENDS use,
particularly in regard to current use of traditional tobacco flavors. Across all 4 use profiles,
many reported using either traditional tobacco-related flavors (tobacco/unflavored, mint/
wintergreen/menthol) or fruit at initiation, but the use prevalence of the remaining flavor
categories (candy/dessert, coffee/alcohol/ and spice/other beverage) among Dual Users and
Switchers was notably higher than ENDS Rejecters and Quitters. Moreover, use of 2 or more
ENDS flavors at initiation was associated with higher odds of being a Dual User or Switcher
as compared to ENDS Rejection and Quitting. Additionally, current use of traditional
cigarette flavors (ie, tobacco/unflavored and mint/wintergreen/menthol) in ENDS was
associated with lower odds of being a Switcher compared to being a Dual User. Although,
Dual Users and Switchers reported higher prevalence of non-traditional tobacco flavors such
as candy, fruit, and spice flavors, significant differences in specific initiating flavors and
current use profile status did not emerge as indicated by the adjusted analyses. Instead, the
data suggest that use of multiple flavor categories at initiation may have been associated
with sustained use of ENDS in Dual Users and Switchers compared to those who rejected
ENDS. About 60% of ENDS Rejecters and Quitters reported using only one ENDS flavor
category at initiation compared to around 40% of Dual Users and Switchers. This finding
persisted in adjusted analyses and suggests that use of multiple ENDS flavors at initiation
may aid in continuing to use ENDS. However, no associations were found between the
number of ENDS flavor categories currently used and the use profiles.

Previous research has found that the variability of flavors was rated as moderately to very
important among ENDS users*21 and that not liking flavor options was a reason for not
using ENDS, particularly among current smokers.8 Meanwhile, Morean et al?2 found that
among adults there was no association between the frequency of ENDS use in the past 30
days, flavor preference, and the total number of flavors preferred. Therefore, having multiple
flavor options and using multiple flavors at initiation may be helpful to adults in establishing
more sustained ENDS use. However, additional research is needed to improve understanding
of the use of multiple ENDS flavors in the continuation of use among established, regular
ENDS users.
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A careful analysis is needed to evaluate the impact of banning certain ENDS flavors and
whether this would be appropriate for the protection of public health. Although the goal of
this study was to investigate the role of ENDS flavors in adult smoker’s cessation or dual
use/sustained nicotine addiction, ENDS flavors may contribute to youth ENDS initiation
which must also be considered in policy development and impact assessments. Additionally,
those who continued to use ENDS (ie, Switchers) were more likely to endorse the belief that
flavor additives are safe to use in ENDS compared to those who had stopped using ENDS
(ie, ENDS Rejecters and Quitters), who were much less likely to have ever used ENDS
fairly regularly. Thus, it is possible that ENDS Rejecters and Quitters were less trusting of
the safety of flavors in ENDS, and as such, did not establish a pattern of regular ENDS use.
Additional research is needed to assess the role of flavor risk perceptions in adult ENDS use.

Conversely, the data suggest that current use of flavors related to traditional tobacco use (ie,
tobacco/unflavored, mint/wintergreen/menthol) is associated with dual use as compared to
switching to exclusive ENDS use. Previous studies have noted that current smokers are more
likely to report use of traditional cigarette flavors while former smokers are more likely to
report using non-traditional and sweet characterizing flavors.” For example, a longitudinal
study found that young adults who had ever smoked cigarettes but not in the past month (vs
past month cigarette smokers) at Wave 1 were less likely to use tobacco or menthol flavored
ENDS at Wave 2 than to use non-tobacco or menthol flavors.23

Moreover, our findings related to multiple flavors and current use of non-traditional tobacco
flavors is consistent with a longitudinal study of young adults which found that use of one
and multiple non-traditional ENDS flavors was associated with reduced smoking or smoking
cessation at one-year follow-up.2 Previous research demonstrates that tobacco users
perceive flavored tobacco products as more appealing and better tasting2® and that menthol
flavor can mask the bitterness, harshness, and irritation associated with tobacco and nicotine.
26,27 similarly, ENDS flavors perceived as sweet or cool (eg, menthol) were associated with
liking a flavor, and flavors perceived as bitter or harsh (eg, tobacco flavor) were associated
with disliking an ENDS flavor and the impact of sweetness on liking an ENDS flavor was
greater than the impact of coolness.15 Thus, Dual Users’ and Switchers’ higher use rates of
non-menthol and non-tobacco characterizing flavors at initiation may have provided a more
satisfying ENDS use experience, making it easier to adopt and continue using ENDS.
Similarly, it is possible that Switchers’ higher use rate of fruit flavored ENDS, currently,
may have contributed to their successful smoking cessation in addition to their higher rates
of daily ENDS use. Biener and Hargraves28 found that adult smokers who used ENDS daily
for at least one month had 6 times the odds of smoking cessation at follow-up, whereas no
difference in cessation was found between less frequent ENDS users and non-ENDS users.
Although many Dual Users in the present study reported past year cigarette and ENDS quit
attempts, they were less likely to report current daily ENDS use or ever using ENDS fairly
regularly. As such, it is possible that Switchers” more regular use of ENDS may have
supported their transition away from combustible cigarettes better, and Dual Users’ less
regular use may have been more reflective of supplemental ENDS use. Moreover, it is
possible that Dual Users’ higher rates of current use of traditional tobacco flavors in ENDS
may have been associated with their current cigarette smoking and the flavor similarities.
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As Abrams et al?® posit, the ability of ENDS to maximize their harm reduction potential
rests on their harmfulness, appeal (including flavors), and satisfaction. Specifically, ENDS
must be sufficiently appealing to adult cigarette smokers to encourage ENDS adoption,
sustained use, and (ideally) switching to exclusive ENDS use and flavors, particularly non-
traditional flavors, may serve as such a factor. The proposed FDA regulatory restrictions on
non-traditional characterizing flavors are directed toward addressing the potential risk to
youth while keeping traditional characterizing flavors available to adults in age-restricted
and non-age restricted locations and online. In considering ENDS flavor regulation for harm
reduction, our results suggest that use of traditional cigarette flavors is associated with
sustained smoking and specifically dual use of ENDS and cigarettes. The FDA should
consider these issues when evaluating which flavors are appropriate for the protection of
public health.

Strengths and Limitations

This study has several strengths including a national probability sample, use of recent
(2016-2017) data, and comparisons of flavored ENDS use and perceptions among adults
with a history of cigarette and ENDS use. Nevertheless, this study is subject to several
limitations. We utilized cross-sectional data and are unable to make causal inferences or
assess temporality. Similarly, the data are based on self-report and there may be potential
recall bias, particularly with respect to reporting of initial flavor use. Additionally, less than
one-third of ENDS Rejecters and Quitters and about one-half of Dual Users reported ever
using ENDS fairly regularly. Thus, it is possible that these participants may have only
engaged in experimental levels of ENDS use and been less likely to use ENDS for cessation
purposes. Moreover, participants may have varied in their understanding and response to the
phrase “fairly regularly.” Similarly, participants who initiated using ENDS one year or later
after they quit using cigarettes were excluded from analyses and use of ENDS for smoking
cessation was not directly assessed. Future studies may benefit from such assessment. We
did not consider potential differences in the types of ENDS devices used among the use
profiles, which may have also contributed to participant’s transition to their respective use
profile. Although we did not consider ENDS flavor perceptions in the use analyses, we
acknowledge that the relationship is likely reciprocal such that those who view flavors as
safe may be more likely to use flavors, and that those who use flavors may be more likely to
consider them to be safe. Future studies should consider examining this relationship.
Additionally, flavor use measures utilized an unflavored response option and we referenced
it throughout this study. However, it is possible that reported unflavored ENDS use may have
been misclassified by participants or through manufacturer use of flavorings in products
marketed or perceived as unflavored. Lastly, we were unable to assess participants’
motivations to try flavored ENDS, perceptions about the variability of flavors used, and
assessment of harm perceptions of specific flavors. We recommend that future studies
consider such measures and ENDS device type for added insight.

Conclusions

Our data suggest that current use of traditional tobacco flavors may be associated with
sustained smoking and discourage smokers from switching to exclusive ENDS use, although
use of mint, wintergreen, or menthol at initiation may discourage rejection of ENDS.

Tob Regul Sci. Author manuscript; available in PMC 2019 November 06.
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Additionally, multiple ENDS flavors at initiation and belief that flavors are safe in ENDS
may be associated with continued ENDS use at initiation. Development of a potential flavor
ban should consider all of the factors that can maximize cessation related benefits by
encouraging adults to switch completely from cigarettes to ENDS as well as minimize harms
to youth and young adults.

IMPLICATIONS FOR TOBACCO REGULATION

Current use of traditional (ie, menthol and tobacco) cigarette flavors in ENDS is associated
with higher odds of being a Dual User as compared to a Switcher in a national probability
sample of US adults. In developing ENDS flavor regulations, the FDA should consider harm
reduction for youth and adult smokers when determining which flavors should be subject to
regulation. Future research also should investigate the potential role of risk perceptions
related to ENDS flavors.
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