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Abstract

Purpose of Review E-cigarettes are available in a variety of flavors not found in traditional tobacco products (i.e., “nontraditional
flavors™), which is a commonly cited reason for e-cigarette use. This review examines the prevalence of nontraditional-flavored
e-cigarette use, mechanisms through which flavorings enhance product appeal, use of nontraditional-flavored e-cigarettes for
smoking cessation, and differences in these findings between youth and adults.

Recent Findings Nontraditional-flavored e-cigarettes are used at e-cigarette initiation by the majority of youth. These flavors
enhance the appeal of e-cigarettes by creating sensory perceptions of sweetness and coolness and masking the aversive taste of
nicotine. Use of nontraditional-flavored e-cigarettes is higher among youth and young adults (vs. older adults) and among
nonsmokers (vs. combustible cigarette smokers).

Summary Nontraditional-flavored e-cigarettes are popular among youth, but may be less common among older adults and
combustible cigarette smokers. Further research is needed to determine whether use of e-cigarettes in nontraditional flavors

affects smoking cessation.

Keywords Electronic cigarette - Vaping - Flavored - Flavor - Appeal

Introduction

Traditional tobacco products (e.g., combustible cigarettes,
smokeless tobacco) were previously available in a variety of
flavors that were disproportionately used in the initiation of
tobacco product use among youth [1-6]. To combat this
threat, regulatory agencies (e.g., U.S. Food and Drug
Administration, European Parliament and the Council of the
European Union) banned tobacco products with any charac-
terizing flavors other than traditional tobacco flavor or men-
thol [7]. However, the prohibition of flavors in these products
does not currently apply to new alternative tobacco products
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such as electronic cigarettes (e-cigarettes) in the USA and in
other countries across the world.

The growing popularity of e-cigarettes among youth [8]
has raised concern over the public health impact of flavored
e-cigarettes [9, 10]. E-cigarettes are available in a wide range
of flavorings not found in combustible cigarettes [11]. E-
cigarettes are currently the most commonly used tobacco
product among US youth [8, 12], and the majority of youth
report use of e-cigarettes in nontraditional flavors such as fruit
or candy [13]. Adolescent e-cigarette users (vapers) cite the
availability of e-cigarettes in these nontraditional flavors as a
key reason for e-cigarette use [14]. Additionally, there is con-
cern that use of nontraditional-flavored e-cigarettes could ex-
pose youth to aerosols containing compounds of known and
unknown respiratory toxicity [15].

Since e-cigarettes do not involve the combustion of tobac-
co and are believed by experts to be less harmful than com-
bustible cigarettes [16], they may have the potential to be a
lower risk substitute and putative harm reduction measure for
cigarette smokers [17-20]. Evidence from a recent clinical
trial indicates that e-cigarettes may be more effective than
nicotine-replacement therapies at helping smokers quit
smoking [21], although earlier trials and observational studies
are less conclusive [21-23]. Preliminary reports also indicate
that the presence of flavorings could augment the


http://crossmark.crossref.org/dialog/?doi=10.1007/s40429-019-00244-4&domain=pdf
mailto:jtrimis@usc.edu

Curr Addict Rep (2019) 6:98-113

99

effectiveness of e-cigarettes as smoking reduction or cessation
aids by encouraging their use among smokers [24].

Effective tobacco control and regulatory policies require
consideration of the risks and benefits to the population as a
whole (i.e., users and nonusers of tobacco products) in order to
protect youth non-users from tobacco product initiation and
encourage existing combustible tobacco users to quit or re-
duce their use [25, 26]. However, it is unknown whether the
risk flavored e-cigarettes pose to youth is balanced by their
potential to aid in tobacco harm reduction among adult com-
bustible cigarette smokers [27].

The current manuscript reviews and synthesizes the extant
empirical literature on e-cigarettes to (a) document the preva-
lence of flavored e-cigarette use among youth and adults; (b)
identify mechanisms through which flavorings enhance prod-
uct appeal; (c) assess whether flavored e-cigarettes may aid
adult combustible cigarette smokers in smoking reduction and
cessation; and (d) examine cross-population differences (i.e.,
smoking status, age, gender, race) in the use and appeal of
flavored e-cigarettes.

Methods
Study Selection and Eligibility Criteria

To identify studies for inclusion in the current review, we
searched PubMed, Medline, Google Scholar, and PsycINFO
beginning in September 2016 and continuing through October
2018 using combinations of the following key words: elec-
tronic cigarette, e-cigarette, vapor, vape, vaper, flavor,
flavoring, flavour, sweet, fruit, candy, appeal, like, liking, at-
tractiveness, and attractive. No publication date limits were
imposed for included articles. This search resulted in a total
of 287 journal articles whose abstracts were evaluated for
inclusion. Studies were eligible for inclusion if they met the
following criteria: (a) the study was peer-reviewed and written
in English; (b) the study assessed flavored e-cigarette use (i.e.,
flavors other than tobacco, including menthol) or appeal
among human subjects; (c) the study included original data
and was conducted within the USA, or if it was an online
survey it contained a portion of US residents; (d) the study
differentiated between e-cigarettes and other flavored tobacco
products (e.g., combustible cigarettes, cigars); and (e) the
study provided the age of participants. Youth were defined
as those under the age of 18; young adults were defined within
each study using various definitions of young adults, ranging
in age from 18 to 34 years of age. Because of the variability in
definitions of young adults, and because some studies of
adults did not distinguish between young adults and adults,
results from young adults are presented with those of all
adults. This review was restricted to studies based in the
USA in order to define the scope of the review given the wide

variation in regulatory environments in different countries.
For the purposes of this review, the term “flavored e-ciga-
rettes” is used to refer to e-cigarette products that contain
any non-tobacco flavoring, including menthol, with the ex-
ception of flavorless (unflavored) solutions. The term
“sweet-flavored e-cigarettes” refers to those labeled by the
manufacturer with a confectionary characterizing flavor
(e.g., candy, fruit), and excludes menthol, mint, and other
non-sweet flavorings (e.g., spice or alcohol) [28, 29].

Data Extraction and Synthesis

The above eligibility criteria resulted in a total of 45 eligible
articles (see Fig. 1). To identify additional articles for inclu-
sion, we conducted a manual search of the references in each
of the included articles. After searching the references, 9 ad-
ditional articles were included in this review, resulting in a
total of 54 articles. Author NG extracted data and conducted
a qualitative synthesis of all included studies.

Results
Prevalence of Flavored E-Cigarette Use Among Youth

Several US cross-sectional surveys have documented the
prevalence of flavored e-cigarette use among youth (age <
18; Table 1). Data from wave 1 (2013-2014) of the
Population Assessment of Tobacco and Health (PATH) study
demonstrate that flavored e-cigarettes are frequently used by
youth (12—17 years old) at e-cigarette initiation, as 81.0% of e-
cigarette ever-users and 85.3% of past 30-day e-cigarette users
reported that the first e-cigarette they used was flavored [30],
and 80% of youth who vaped before age 15 used flavored e-
cigarettes [38e+]. In the 2014 National Youth Tobacco Survey
(NYTS), 63.3% of adolescent past 30-day vapers (aged 11—
18) reported using flavored e-cigarettes (a weighted national
estimate of 1.58 million flavored e-cigarette users) [33]. The
results of regional studies support and extend these findings;
in a 2015 study of Texas youth aged 12 to 17 years old, nearly
all of current vapers (97.9%) reported using flavored e-
cigarettes and initiating vaping with a flavored e-cigarette
(98.6%) [35°].

Preliminary evidence suggests that use of flavored e-
cigarettes among youth may be associated with increased fre-
quency and persistence of vaping following initiation. In a
cross-sectional study of adolescents taken from 5 different
high schools in Connecticut (aged < 18), preference for
sweet-flavored e-cigarettes was cross-sectionally associated
with increased frequency of past 30-day vaping [36°°].
Additionally, longitudinal data from this sample suggest that
use of e-cigarettes due to the presence of appealing flavorings

@ Springer
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Fig. 1 Flowchart for search and inclusion of reviewed studies. Exclusion
for participants of interest, sample did not include US participants.
Exclusion for publication type, not orginal data, not peer-reviewed, not

may be associated with continued e-cigarette use at a 6-month
follow-up assessment [31e°].

Prevalence of Flavored E-Cigarette Use Among Adults

Epidemiological evidence suggests that flavored e-cigarette
use has increased among adults (aged > 18 years old) since
2010 [48]. A 2010 qualitative study found that adult vapers
ranging in age from 20 to 69 years typically initiated e-
cigarette use with tobacco- or menthol-flavored e-cigarettes
[46], and in a 2012 national survey of young adult vapers
(18-34 years), only 17% reported using flavored e-cigarettes
during the past 30 days [51]. A series of online surveys (con-
ducted between 2010 and 2012) found that tobacco-flavored
e-cigarettes were most commonly used among adults aged 18
and older [42—44], and that vapers who used tobacco-flavored
e-cigarettes were more likely to be recent vapers who started
vaping within the past 3 months (vs. long-term users who had
vaped for 4 months or longer) [43]. In a 2012 online survey of
e-cigarette ever-users, 53.5% of vapers (mean age [M] =40.1,
standard deviation [SD] = 12.7 years) currently used flavored
e-cigarettes [52], and in a 2013 telephone survey, 51% of
participants (aged 18+) reported current use of flavored e-
cigarettes and 45% of e-cigarette ever-users reported using a
flavored e-cigarette when they initiated vaping [49].

@ Springer

english language. Exclusion for outcome of interest, study did not assess
flavored e-cigarettes

More recent data suggests that the prevalence of flavored e-
cigarette is increasing among adults and may have surpassed
that of tobacco- and menthol-flavored e-cigarettes. Data from
the 2014-2015 PATH study demonstrate that 64.6% of adult
past 30-day vapers (aged >25) and 69% of young adults (aged
18-24) used flavored e-cigarettes [37, 38|, and in the 2014
National Adult Tobacco Survey (NATS), 68.2% of past 30-
day vapers (aged 18+) used flavored e-cigarettes (a weighted
estimate of 10.2 million adults) [40]. In two online surveys
conducted between 2013 and 2014, over 67% of adults (aged
18+) used sweet-flavored e-cigarettes [39, 45], and in a 2015
national study, 74% of young adults (ages 18-29) and 47% of
older adults (age>30) reported using flavored e-cigarettes
[35¢¢]. Regional studies support this trend: in two 2013 sur-
veys, 68.2% and 81.4% of Florida and Midwestern adult
vapers (aged 18+), respectively, used flavored e-cigarettes
[47, 50]. By 2015, 96.7% of Texas young adult e-cigarette
users (18-29 years old) reported currently using flavored e-
cigarettes and 95.2% initiated e-cigarette use with flavored e-
cigarettes (33).

Appeal of Flavored E-Cigarettes Among Youth
Data from surveys and focus groups with adolescents (12—

18 years old) indicate that flavored e-cigarettes are appealing
due to their pleasant taste and attractive sensory characteristics
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(Table 2) [30, 38e, 56, 59]. In a national survey of adolescent
e-cigarette users (12—17 years old), 81.5% stated they used e-
cigarettes, “because they come in flavors I like” [30], and
among a national sample of high school students, the second
most common reason for e-cigarette use (after experimenta-
tion) was because of their good taste [56]. In a 2016 survey of
US middle and high school e-cigarette ever-users, the second
most commonly selected reason for using e-cigarettes (after
use by friends or family members) was “they are available in
flavors, such as mint, candy, fruit, or chocolate” [58]. In a
survey of Texas youth aged 12—17 years, 72.9% reported
using e-cigarettes because of the availability of appealing fla-
vorings [35¢¢], with fruit (76%) and candy (57%) being the
most commonly used flavorings [35¢¢]. Importantly, 78% of
flavored youth e-cigarette users in this sample stated that they
would no longer vape if flavored e-cigarettes were not avail-
able [54ee].

A controlled laboratory study of adolescent and young
adult vapers (16-20 years of age) assessed the appeal and
rewarding effects of menthol and nicotine in e-cigarettes
[55¢]. Sixty current vapers (M age=18.8; SD=0.8) self-
administered e-cigarettes at three different menthol concentra-
tions (0%, 0.5%, or 3.5% menthol) at a single randomly
assigned nicotine condition (0, 6, or 12 mg/ml) and then rated
the appeal and sensory effects of each condition. There was a
significant main effect of menthol, with the highest menthol
concentration (3.5%) significantly increasing e-cigarette ap-
peal, compared to 0% menthol. Both menthol concentrations
(0.5% and 3.5%) significantly improved taste and enhanced
perceived coolness [55¢].

Perceived Harm of Flavored E-Cigarettes
Among Youth

Research also suggests that adolescents perceive flavored e-
cigarettes as less harmful than unflavored e-cigarettes
(Table 2). In a school-based survey conducted among 6th,
8th, and 10th graders, current vapers were more likely to de-
scribe flavored e-cigarettes as less harmful than tobacco-
flavored e-cigarettes [53]. A telephone survey that randomly
assigned adolescents (M age=15.1, SD =1.4) to one of five
flavor conditions (i.e., tobacco, alcohol, menthol, candy, fruit)
found that participants perceived sweet- and menthol-flavored
e-cigarettes as significantly less harmful than tobacco-
flavored e-cigarettes, and were significantly more likely to
express interest in trying candy- (OR [95% CI]=4.53 [1.67,
12.31]), fruit- (OR [95% CI]=6.49 [2.48, 17.01]), and
menthol-flavored e-cigarettes (OR [95% CI]=4.00, [1.46,
10.97]), compared to tobacco-flavored cigarettes [57].
Subsequent mediation analyses revealed that perceived harm-
fulness explained a significant portion of the association be-
tween flavorings and interest in trying e-cigarettes [57].

Appeal of Flavored E-Cigarettes Among Adults

Qualitative evidence demonstrates that the pleasurable taste,
pleasant smell, and ability of flavorings to reduce the harsh-
ness of nicotine contribute to the appeal of flavored e-
cigarettes among adults over the age of 18 (Table 2; [59, 60,
62, 63, 69, 70, 73]). In focus groups and interviews, adult and
young adult vapers note that flavored e-cigarettes encourage
initiation of vaping [64, 69], and a concept mapping approach
(grouping answers to prompts into clusters representing com-
mon themes) identified (a) “increased satisfaction and enjoy-
ment;” and (b) “better feel and taste than [combustible] ciga-
rettes” as the two most common reasons for flavored e-
cigarette use [72]. In surveys, adult vapers (median age =
41.0, interquartile range [IQR]=32-49 years) rated sweet-
and menthol-flavored e-cigarettes as more satisfying than
tobacco-flavored e-cigarettes [44], and 85.4% of vapers (M
age=40.1, SD =12.7) described the variety of flavor choices
as an important reason for vaping [52]. Additionally, adult
smokers aged 19 years and above stated they would pay more
money for flavored (vs. unflavored) e-cigarettes [47].

Research suggests that flavored e-cigarettes may be partic-
ularly important for young adults. In a survey of young adults
residing in Texas (aged 18-29), 73.5% of flavored e-cigarette
users stated they would no longer use e-cigarettes if flavored
products were not available [54¢°]. Additionally, in a national
prospective survey of young adults (18-34 years old), percep-
tions of e-cigarettes as less harmful than combustible ciga-
rettes were prospectively associated with flavored e-cigarette
use, compared to tobacco- and menthol-flavored e-cigarettes
[41].

Controlled laboratory evidence demonstrates that e-
cigarettes are appealing and reinforcing among adults. In
two e-cigarette administration experiments that utilized simi-
lar methodologies, current vapers (M age=26.3 and
33.6 years; 61% and 80% smokers, respectively) rated the
subjective appeal and sensory effects (i.e., sweetness and bit-
terness) of flavored and unflavored e-cigarettes [65, 67]. Fruit-
and candy-flavored e-cigarettes (vs. tobacco-, menthol-, and
flavorless e-cigarettes) were significantly more appealing and
were rated as being subjectively sweeter [65, 67]. Across all
flavorings, appeal was positively associated with perceived
sweetness and inversely correlated with bitterness [65, 67].

In a laboratory study designed to identify flavor prefer-
ences for a subsequent smoking reduction trial, 88 non-
treatment-seeking adult smokers (M age =25.0, SD =3.0) ad-
ministered tobacco, menthol, chocolate, and cherry-flavored
e-cigarettes; menthol and cherry were rated as more appealing
than the tobacco flavor [61]. Another laboratory study of e-
cigarette-naive smokers (aged 18-55) found that sweet-
flavored e-cigarettes (i.e., fruit and chocolate) were rated as
significantly more rewarding than an unflavored (i.e., flavor-
less) e-cigarette [68<¢]. These subjective ratings were
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supported by two behavioral tasks: (a) in a progressive ratio
task (i.e., task designed to assess willingness to work for a
reward), participants worked nearly six-times harder for the
sweet-flavored (vs. flavorless) e-cigarettes; and (b) in a 90-
min ad-lib vaping period, participants self-administered the
sweet-flavored e-cigarette nearly twice as frequently than the
flavorless control [61]. An additional experimental study sug-
gests that sweet flavorings may affect vaping topography, as
vapers (M age=32.3, SD=13.8) took longer puffs when
using sweet-flavored (vs. tobacco-flavored) e-cigarettes [66¢].

Laboratory studies have also focused specifically on the sen-
sory effects of menthol-flavored e-cigarettes. Vapers aged 18
and above (61% smokers) rated menthol as significantly “cool-
er” than e-cigarettes with sweet and tobacco flavorings, and
coolness was positively associated with appeal [67]. In a study
of adult smokers (1845 years old; 16-38% vapers) that manip-
ulated menthol and nicotine concentrations, e-cigarettes with
higher menthol concentrations enhanced perceptions of coolness
and decreased the harshness of nicotine [71], and menthol sig-
nificantly enhanced the intensity of the overall sensory experi-
ence, particularly at lower nicotine concentrations [71].

Use of Flavored E-Cigarettes for Smoking Reduction
and Cessation Among Adult Smokers

Data from observational and qualitative studies suggest that
flavored e-cigarettes may aid adult smokers in smoking reduc-
tion and cessation efforts (Table 3). Former smokers cite the
wide variety of available flavorings and superior taste of e-
cigarettes as factors that aid smoking cessation [43, 45, 63],
and note that restricting the availability of flavorings would
make the vaping less enjoyable and reduce the appeal of e-
cigarettes [45, 74]. In a study of adult vape store customers (M
age=36.23, SD=12.97), flavored e-cigarette users (vs.
unflavored users) were more likely to have quit smoking
[50], and in an online cross-sectional survey, adult e-
cigarette users (M age =42.5, SD =11.6), who had switched
from smoking cigarettes to vaping were more likely to have
initiated e-cigarette use with non-tobacco flavors [48]. A lon-
gitudinal cohort study of adult smokers (age > 18 years) found
that use of flavored e-cigarettes was associated with lower
self-reported daily intensity (i.e., cigarettes/day) of cigarette
smoking [75], and in a national sample of 18 to 34-year-old
young adult smokers, use of flavored (vs. tobacco-flavored) e-
cigarettes was prospectively associated with self-reported
smoking reduction or cessation [76°¢].

In the sole smoking reduction trial that utilized flavored e-
cigarettes, smokers aged 18-55 were randomly assigned to
one of four experimental conditions for a 6-week period ac-
cording to a flavor (i.e., tobacco vs. menthol vs. sweet [cherry
or chocolate]) x nicotine (i.e., 0 mg/ml vs. 18 mg/mL) design
and smoking and vaping behavior was assessed with a time-
line follow-back method, daily interactive voice response

@ Springer

recordings, and weekly breath carbon monoxide readings
[68e¢]. Participants assigned to the menthol conditions expe-
rienced the greatest reduction in daily smoking, followed by
cherry and tobacco, while those assigned to chocolate condi-
tion experienced the smallest reduction in smoking [68e¢].
However, participants in the tobacco-flavored e-cigarette con-
dition vaped most frequently (12.3 vaping episodes per day),
and participants assigned to the chocolate-flavored e-cigarette
displayed the lowest intensity of daily vaping (8.6 episodes
per day).

Factors That Moderate the Use and Appeal
of Flavored E-Cigarettes

Differences in Flavored E-Cigarette Use by Combustible
Cigarette Smoking Status

Evidence suggests that use of flavored e-cigarettes may be as-
sociated with combustible cigarette smoking among youth
(Table 4). In a cross-sectional survey, use of flavored e-
cigarettes by never-smokers was associated with increased sus-
ceptibility to combustible cigarette smoking [32e, 34e¢], and
smokers who used flavored e-cigarettes were less likely to re-
port intentions to quit smoking, compared to youth smokers
who used unflavored e-cigarettes and non-users [34ee].
Smokers may also be more likely to use e-cigarettes with tradi-
tional flavorings, as suggested in a recent study that found a
greater proportion of Connecticut high school students who
were current smokers reported preferring tobacco—(7.1%)
and menthol-flavored (18.6%) e-cigarettes as compared to
never-smokers (0.5% tobacco, and 3.5% menthol). However,
a greater proportion of current smokers also preferred sweet
flavors (62.0%) vs. never-smokers (52.1%) suggesting more
positive endorsement of any flavors (traditional or nontradition-
al) among the group of current cigarette smokers [77].

Data also indicate that adult smokers (aged 18+) may use
tobacco-flavored e-cigarettes at higher rates than nonsmokers
(Table 4) [39, 40, 42, 45, 73]. In online surveys, few adult
never-smokers (6.1%) used tobacco-flavored e-cigarettes, and
current smokers used tobacco-flavored e-cigarettes at higher
rates than former smokers [39, 44, 45]. Additionally, concur-
rent users of e-cigarettes and combustible cigarettes (dual
users) initiated vaping with tobacco-flavored e-cigarettes at
higher rates than exclusive e-cigarette users [35+¢]. Smokers
and dual users (vs. nonsmokers) also report that they would
pay less money for flavored e-cigarettes [47], and heavier
smokers (vs. lighter smokers) expressed a preference for
tobacco-flavored (vs. flavored) e-cigarettes [78].

Differences in Flavored E-Cigarette Use by Age

Studies demonstrate that younger age is associated with
higher rates of flavored e-cigarette use [38e, 40, 78]. A
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Table 3  Use of flavored E-cigarettes for smoking reduction and cessation among adult smokers

Citation Population Study design Major findings

Barbeau et al. (2013) [74] 11 vapers Focus group Flavorings were related to smoking reduction and cessation
Age 18-64

Buu et al. (2018) [75] 2727 smokers Prospective Survey Use of flavored e-cigarettes was associated with lower daily quantity
Age 18+ National Study (PATH) of cigarette smoking at 1-year follow-up (B =-2.89; p <0.05)

Chen et al. (2018) [76°¢] 4645 young adult

smokers (age 18-34)

Cheney et al. (2016) [63] 30 young adult vapers

Age M (SD)=25 (3.8)

77% current smokers

2807 vapers

Age Median (IQR)= 41 (31-50)
80% former smokers

Etter (2016) [43]

Farsalinos et al. (2013) [45] 4618 adult vapers
Age Median (IQR) = 40 (32-49)
91.2% former smokers

48.5% US residents

Litt et al. (2016) [68¢] 88 smokers Laboratory Study
Age 18-55 Smoking reduction trial
Russell et al. (2018) [24] 20,676 adult frequent Cross-sectional online

e-cigarette users
Age M (SD)=42.5 (11.6)
15.2% <25 years of age
215 vapers
M age (SD)=36.23 (12.97)

survey

Tackett et al. (2015) [50]
Midwest

Prospective Survey
National Study (PATH)

In-Person Interviews

Online Survey

Online Survey

Use of flavored e-cigarettes (aOR [95% CI]=2.5[1.6, 3.8];
»<0.001) and use of multiple flavorings (aOR [95% CI]=3.0
[2.1, 4.3]; p<0.001) were associated with smoking reduction or
cessation, compared to no e-cigarette use.

Former smokers cited flavorings as a primary reason for e-cigarette
use

80% of participants stated that flavors helped them quit or reduce
cigarette smoking

Former smokers expressed a preference for fruit or menthol flavors
and cited flavored e-cigarettes as helpful in reducing and quitting
smoking

68.9% reduced availability of flavored e-cigarettes would make
vaping less enjoyable

Flavored e-cigarettes “very important” for reducing or quitting
smoking

39.7% the reduced availability of flavored e-cigarettes would make
reducing or quitting smoking less likely

Former smokers noted that restricting the availability of flavorings
could make smoking cessation and reduction more difficult

Menthol-flavored e-cigarettes resulted in the greatest decrease in
cigarette consumption (p < 0.05)

Participants vaped tobacco-flavored e-cigarettes most frequently
(p<0.001)

Switchers, dual users, and former smoker (vs. never-smokers) were
significantly less likely to initiate e-cigarette use with
sweet-flavored e-cigarettes (ORs = 0.41-0.58; ps <0.001) and to
currently use sweet flavors (ORs = 0.64-0.70; ps <0.001)

Cross-Sectional Survey ~ Vapers who used sweet-flavored e-cigarettes were more likely to

have quit smoking (OR [95% CI]=2.4 [1.07, 5.53]; p =0.035)

Citations are presented in alphabetical order. OR, Odds ratio; aOR, adjusted odds ratio; Vaper, E-cigarette user. Adults > 18 years of age

larger proportion of young adults (compared to older adults)
report current flavored e-cigarette use [35¢, 38, 40], and
younger age has been shown to be associated with increased
odds of using flavored e-cigarettes at vaping initiation [35¢e,
49]. In wave 1 of the PATH study (2013-2014), flavored e-
cigarette use was highest among youth (85.3%), followed
by young adults (83.4%) and was lowest in adults over
25 years of age (63.2%) [38e¢]. Furthermore, among young
adults (aged 18-34), younger age was associated with fla-
vored e-cigarette use [57], and youth (12—17 years old) were
significantly more likely than adults to report using fruit-
flavored e-cigarettes and less likely to report using menthol-
or mint-flavored e-cigarettes [37]. Similarly, more Texas
youth (72.9%) than young adults (57.4%) cited flavorings
as a reason for e-cigarette use [35¢¢], and in a sample of
Connecticut youth, 47.0% of high school students, com-
pared to 32.8% of college students, cited flavorings as a
reason for experimentation with e-cigarettes [13]. In quali-
tative studies, young adult vapers (aged 18—45) emphasize
the importance of sweet flavorings and their ability to re-
duce the harshness of nicotine [40, 72, 73], while older adult

vapers (aged 45-65) express a preference for the taste of
tobacco-flavored e-cigarettes [73].

Gender and Race Differences in Flavored E-Cigarette Use

Data suggest that the use, appeal, and sensory effects of fla-
vored e-cigarettes, particularly menthol, may also vary by
gender. Qualitative interviews and observational surveys of
adults (18+) suggest that more females (vs. male) vapers use
flavored e-cigarettes [41, 42, 80, 82]. An experiment with
menthol-flavored e-cigarettes found a three-way interaction
between menthol, nicotine content, and female gender, with
females (1845 years of age) preferring menthol-flavored e-
cigarettes, particularly in the absence of nicotine [71]. In a
separate study of non-treatment seeking smokers (M age =
42.2, SD=9.7), female menthol smokers (vs. males) vaped
less and rated e-cigarettes as less rewarding when presented
with a tobacco-flavored e-cigarette [81].

Several studies have examined race differences in flavored
e-cigarette use. In a cross-sectional survey of students in 8th,
10th, and 12th grade, significantly more White (38.9%) than

@ Springer



98-113

Curr Addict Rep (2019) 6

108

S01101e310-0 PaI0AR[J-0008q0) PaLIdJaId (G9—G paSe) synpe 10pj0

sope1e310-0 paroAe[y 1o501d 03 Ajoy1] 10t A1OM (g8 paSe) syuedionred 1oFunox
UOIBNIUI J& S9Pa1eS10-0 PAIOAR[J-0008q0) Pasn s)npe Sunok Jo 9,017

UONBNIUI J& SA)RIESIO-0 PAIOAB[J-0008QO) PASN S)NPE I9P[O JO %G'L{

9sn 91)21e319-0 10J UOSLAI B Se SSULIOAR[] PAJID s)npe Sunok Jo 94,6

asn o)areS1o-0 10j UOSLaI B S& SSULIOAB]) PO YINOK JO 96°7L

asn aperesio-o 10§
suosear A3y se s1oAe[) a[dnnu (s JuswLddxe 0y Ajjiqe oy paziseydwd (S)Npe 12p[o ‘SA) s)npe Sunox

(1000>d (1T LET] ‘8T T =1D %S6] MOL) asn 221e319-0 PAIOAR[J PIM PAJLIOOSSE SeM 3Fe 1oFunox
SanaIe310-0 PAIOAR[ Pasn SPJO 1K $9—G JO %8S
sonaIe310-0 PAIOAR[ Pasn SPJo Ik $7—81 JO 9%7'S8

9N 9301e319-0 PAIOAR[] YIIM PAJRIOOSSE SeM 95k 103Unox

([89°L *09°€] 975 =[1D %$6] YO) s3uroaryy +g Sursn p1odor 0} KNI 210W 210 YINOK
[0+ ‘66'1] €8T =10 %S6] YO) ene1e510-0 patoaeun

10 000eq0} 0} paredwioo Suroae)y | Sursn 310dor 0y Aoy 10w APUROHTUSIS OIOM (S)NPE "SA) INOX
([ce0 9001 ¥1'0=[1D

9,66] MO) SONILSI0-0 PAIOAR[J-JUIL/[OYIUUT aSN 0} AJOMI] SSO] AJUBOHTUSIS 9IOM (S)NPE "SA) INOX
(8t

ST 112 = 1D %S6] O) Sone1e310-0 paroAe[-JIniy asn A[ox1] 210w APUedHIuSIS 9IoM (S)NPE SA) YINOX

SOJIRILS10-0 PAIOAR[J-100MS 10 20UAIdJaId € PassaIdxo (SIONOWS JAIABAY “SA) SIjows 1o)ySIT

soparesio-o 10y Aed 0y urim

9Q p[noM (S10SN [eNp pue SINJOWS 'sA) s1odeA dAISN[oX 001d ) PAINPaI STULIOAB]] JO QOUISQE ],
(9%1°T6S) SIoows-19A3U

uey) sopaIedio-o paroAe[j-joypuat paijaId (9,(79) s1youws JuaLmo Jo uontodoid 10yea1s v
(%L"{) SIONOWS-10AU

uet)) SoNa1eSI0-d PAIOAR[J-0008q0) patdjald (9,7'Z1) sows juatmd jo uontodoid 101eaId v

SIOAR[J HOSSIP/I0aMS 10 Jinyy Sursn paridjaxd (s1osn [enp °sa) s1osn A[uo-oparesio-q
(500>

SIS 9)j01e510-0 SAISN[OXS UBY) SIOSN [ENP SUOUIE UOWIOD IOUWT SEAM SJAIESIO-0 PAIOAR[J-0008q0} JO 9S()
(600°0 = @) sopo1e310-0

PRIOAR[J-JO0MS TPIM SN 0)JIBS10-0 PIJRNIUT (9 [ ) SIONOWS JUSLIND URY} (%" ()€) SIOOWS JOULIOJ JIOIA
(1000> )

SONRIES10-0 PAIOAB[J-0008Q0} PISN (9 ["C) SIOYOWS JOULIOY UBL) (%) €S) SIONOWS JUSLIND SIOJA!

(10°0 > d) san21e319-0 PAIOAR[J-000BQ0) 3SN 0] A[I] AIOW 1M SINOWIS JUSLINY)
(z1o0=4d

£041S) SIOOWS JOULIOJ URT]) SaPILSI0-0 PAIOAR[J-099BG0) PAs (9, ]9) SIONOUIS 301810 9]qUISNqUIOd JION
(900" =d:9'0 =4O®)

s1oyows Suowe asn 000eqo) b 0) SUONUAUT POINPAI YIM PIJLIOOSSE SeM ISN 9)1a1eT10-0 PAIOAR[]
(10000 >d ¢£°S =JOF) SIONOWS-IAU Fuowe

9sn oYaIeSIo A|qUSNqUIOd dJeNIUT 0) SUOHUUT PISBIIOU (IM PIJRIOOSSE SeM SN dYaIeF10-0 PAIOAR]]

soporeS1o-o pasoaeyy Sursn payodor sodea Aep-(¢ 1sed Jo %609
(100070 > d '€ =JOr) ynoA Supjows-uou Juowe

Sunjouus 9216310 2[qUSNQUIOD 0) AY[IqNdEdSNS PISEAIIUT YPIM PIJLIOSSE SeM SN 2))1eS10-0 PAIOAR[]
(9% €9) SINJoWS 9)2ILTIO JUALIND PUE (%4()L) SIOOWS JOULIO) ULI)-SUO[ (9 [°§L) SIoows

IOULIOJ Ju20a1 Aq PaMO[[0] ‘asn aa1eS1o-d patoAe) Jo uontodoxd 1saySiy oy pey (28°+8) SINOWS-IDAN

SIOAR[J 000BQO)

PaAsn (%G ) SIONOWS IOULIOJ 10 (9 [°9) SISOWS-IOAU URY) (% 4"/7) SIOOWS dPAIBSTID JUALIND IO
(98°77) sijows jsed pue (9, H¢) SIONOWS-10AU

£q pamoy[o] ‘(%t9¢) Apuanbaly 1sowr o) $9)31BF10-0 PAIOAR]I-[OYIUSU PISN SIOYOWIS JUILIND)

dnoin) snoog

SEXa],
KoAING [BUONOAG-SSOID)

Adang auruQ

(HLvd) Apmg [euoneN
Kaamg aanodadsorg

(SLVN) AoAIng 000eqO], INPY [EUONEN
KoAImg [eUON02S-SS01)

(H1Lvd) Apms [euoneN
\Au?_:m [eUonNd3S-sSoI)

uluO
KoAING [BUON0AG-SSOID)

EPLIOL|
AoAInG [RUONDIS-SSOID)

INONOOUT0))
AoAInG [RUON00S-SSOID)

dnoin) snoog
SEXQ],
KoAING [BUONOOS-SSOID)

AdaIng auruO

Kaag aurjuQ

Kaamg suruQ

(SLAN) ApmS [euoneN
KoAING [BUONIIG-SSOI)
(SLAN) Apmg [euoneN
A9AING [BUONOIS-SSOI)
(SLVN) A9AINg 000BqO], }NPY [EUOHEN
KdAING [EUONOAS-SSOI))

Kaams auruQ

SIDOWS 969

$9-81 98V
s1odea jnpe g¢

(0g <03e) SINpe 1509

(6781 95e) synpe Sunok zgyg
(L1-21 93e) ok L06€
SIUAPISAI S %9°0T

SISO JOULIOJ 9%()8

(0S-1€) 1% = (4O uvipap 38y
s1adeA /087

€81 98y

snpe Sunok ¢¢T|

+81 9By
s1odea ynpe ycipe

s1e0k /-G JO SoSe oy ueamidq nok 9408
(L1-¢1 98e) s1odea ynok g4
(6-6¢ o8e) stodea Jnpe €717

+81 98y

SIOOWSUOU €G]

SIOWS $67T

+61 98y

s1adeA aA1SN[OXD €]

SIOWS §97

S10SN [ENp 6L

(6'0) TTI=(as) 98e W SW
(T1) 9°s1=(as) 93e ;¥ SH
SIUOPMS JOOYDS SPPI 99 |
SUAPMIS [00Y9S YSIY $19¢
SIODOWS 969

§9-81 98V

s1odea jnpe g¢

(0g <o3e) opumuonEy SHNPE [509
(6781 95e) synpe Sunok zgys

(6-2€) OF = (4O uvipapy 23y
s1adea ynpe g194

SISO JOULIOY 95()L

(0S-19) 1y =(4OI) uvipapy 93y
s1odeA /86¢

0T v'er =(as) w23y
stodea ynpe /€1

81-11 98Y

s1odea Kep-(¢ 1sed
SIUQISA[OPE /10T
8111 98y

ok 76€°81

+8] 9By

s1adeA Jnpe yepe
s1odeA-1aAdu /97
s1odeA JouLoy 894
s1adea JuaLmod 7¢g
yE-81 98y
s1oowg pue s1adep

[€£1(9100) "1e 10 wiry

[++5€1 (9100) "[E 30 [1RH

[er] (9100) 1ong

[17] (8102) "1e 10 uayD

[0t (9102) 'Te 10 Sumoyuog
98e Aq asn sopaIRSI0-g PAIOAR[ Ul SOOUIPI

[£€] (8100) "Te 10 J[PUYdS

[8L1 (9100) Te 10 [o1ed

[L¥] (9102) ‘Te 10 JoyewAUUON

[£L] (#107) ‘Te 30 uLeS-UBUYSLIY

[€£1 (9100) e 10 wry

[++5€1 (9102) 'Te 30 [PLRH

[$+] (£107) "Ie 1 sourfesie,

[pp] (1100) Te 10 1on

[zr] (€100) 'Te 1w sunjmeq

[+7€] (9102) 'Te 10 Te@
[+2€] (L100) 'Te 10 uoy)

[0+] (9107) "Ie 12 swwoyuog

[6€1 (9100) Srog

sme)s Sunjows £q asn soRAIESI)-F PAIOAR[] Ul SOOURIDII]

s3urpuyy Jolejy

ugisop Apmig

uonendod

uoney)

sjjnpe pue ﬂuﬁo\m Suowre m@ﬁ@.:wwmo|m— Pa10AR[J JO asn 3y} SjeIopoul jey) S103d0e{ 9|qel

pringer

Qs



109

98-113

Curr Addict Rep (2019) 6

1osn apa1edi)-q ‘1adep ‘oner sppo pasnlpe Yor

£01jBI SPPO YO ‘A9AING 000BqOT, INPY [euoneN ‘SIVN ‘ApmS [edH pue 000eqo], Jo juswssassy uonendod ‘HIVd ‘A0AIng 000eqO], N0 [euoneN ‘SILAN 1opIo [eonaqeydie ur pajuosaid are suone)))

UONEIUIU0D SUNOIIU ISAYSIY A} J& JOMO] SSIUYSILY/UONLILLII POjel (SI[EU 'SA) SO[RUd,|

UONIPUOD dUIOOTU MO (%S°€) [OPUALL-YSIY ) Ul JOYSIY] SSOULSILL/UONEILLI PIJEI (SI[BWSJ 'SA) SI[CIA
QUIJOOTU INOYIM ([OYUSL

96°()) UOHIPUOD [OLJUALL MO] AU} UL JOYSIY [OLIUSL JO S)OILJO AIOSUSS [[BIOAO DU} PIJEI (SO[EUI "SA) SI[LUD,|

SO[BUIRY JO 946°CT "SA SONAIESI0-0 PAIOAR[J-090BQO)} PISh SO[EW JO 9,8°] |
SOBWIOJ JO 9,198 "SA S9)J0IESI0-0 PAIOAR[] PAsn So[ew JO 7'[8
(600°0 = d) asn 0))21e510-0 PAIOAR[J UI SIOUIIJIP XS JULIYIUSIS
P00 saIsE) J1 OSNLIY,,
“Buidea papiodor spuepmis (%9°6¢) OMURdSTH Pue (%6°T€) JovIg ULl (%6'8€) AMYA dI0W ANULdyusig

JoAe[) aNnoredio-o
pauejaid-uou moyy Sursn uoym Jureadde ssof ApuedlIuTIS se $9)121e310-0 Pajel (SI[BU "SA) SI[BWD,]
(10" > d) UONORIANUI X3S x IOAB[J JURILIUSIS

SIOAE[J JO AOLIEA A1) PauIjoId PuE USKO SIOW JOAB[) PAUOHUAL (SO[EUI "SA) SO[BLUD,|

(10070 > @) saNa1e319-0 PAIOAR[J-19MS Pasn S[BUIJ AIOIA
(1000 > @) sana1e319-0 PAIOAR[J-0998q0) parIdjaId Sa[e]Al
wo0=d
66°0 ‘Tv°0] 970 =Y Or) sonaI1eS10-0 POIOAB[J 2SN 0) A[ONI] SSO] AIoW oIoM (M sA) sjuedionaed yoerg
(100°0>d (9t €€ 11 18°T = [1D %S6] YOE) 95N 9121eF10-0 POIOAR[S TPIM PJLIOOSSE SEM JOPUST o[BI, |

SOPQIES10-0 PAIOAR[J-099BQO] Pash (9,€) SHor[ UBY) (95 19) SOMYAN QIO
(9%¥€) soNyA\ 01 parediod $a)3o1eS19-0 POIOAB[J-[OYIUAW Pasn (951 /) syoe[d jo uontodord 1oysiy v
(10070 > d) 9sn 21)21ES19-0 PAIOAR[ UI SOOUSIIJFIP ILI AIOM I ],

(%0°L) s)npe pue

(99°¢1) synpe SunoA uey (971 €) PnoA Juowre 1dyYS1Y Sem 2SN 3)J2IeF19-0 PAIOAB[J JUSLIND JO OUD[BAI]
uonenul je spnpoid

000BqO) PAIOAR[] SUISN JO SPPO PIASEAIOUL M PAJLIVOSSE SeM (P[0 SIBIA $7—8] Sureq “a1) ae 1o5unox

9SN 10J UOSEAI © St STULIOAR]] 910 0) A[ONI] QIOW 2IOM SIdSN 9)Ja1ed1o-0 10Funox

(100°0>d $98°T€ "SA (" Lf) SoNAIES10-0 IM uonejuowLddxo
10] UOSBAI € S& SSULIOAB]] 910 0] A[OYI] 210U 210M (S)UIPMS 939][09 'SA) SJUIPMS [00Yds YSIH

Apnys K1ojeroqe]

Koams ouruQ

(ALIN) Aprg TeuoneN
KoAIng [RUON00S-SSOID)

Apnys K1ojeroqe

dnoi3 snoo,|

Kaamg aurjuQ

(HIVd) Aprg [euoneN
Koamg oanoadsorg

KOAINS [BUOTIS-SSOID)

ApmiS HIVdALAINS [BUONOIS-SSOID)
Kaang suoydaja,
auruo

A9AING [RUONOOS-SSOID)

sdnoin) snoo,|
AoAIngG [RUON00S-SSOID)

s1adeA 9,8¢-9,91
SIOWs-[oyjual 9,18
d[ew %08

Sp-81 98V

SIayouws jnpe 7¢

MYM %1°T6

Q[ewd) T EE

PP0€ 988 %5°LE

O1°€1) 7865 =(as) d8e )y
sIasn oﬁoumwmo& CISI

[12]1 (9102) Te 10 yooigsoy

[28] (9100) e 10 oxouIg
(sopeIs |ZT ‘WO YY) SHOPMIS [00Y9S Y1 9901 [951(9100) "Ie 10 oLneq
AMYM %0L
ey %St
(L'6) TTr=(as) W o8y
s1adea ynpe (g
AMYM %89
Qewd) 9596
81 1¥=(as) W By
siodea ¢ [08] (L102) Te 10 30psTy
AMYM %96
Qewd) 9%0¢
02D v'er=(as) w23y
s1adea /p¢]
AMYM %S'TL
Ul 99°0§
(p€-81 pose) synpe Sunok €3¢°7|
eU 9%¢°GS
MeId %0
(#'T1) 8'9%= (aS) A :23e Yorlg
(T€D) L'ty =(as) W :o3e apym

stoxjouts pazifendsoy 6 [6£1 ($107) "Te 10 uuewneg
asn uto‘_mwﬁo\m PRIOAR[J UL SOOUAIJJIP JkI pue I9PUdD)

(L1-C1 98e) ynok [69°¢|
(781 95e) synpe Sunok Z116

[181(9102) 'Te 10 uNOUO

[2¥] (€100) 'Te 30 sunpmeq

[1¥] (8107) "Te 1 udyD

(+69-67 a3e) s|npe 80T €T [+8€] (L10T) 'T& 12 nuE[IA
+8] 9By

SI0SN 00080} J[NPE Ehpr| [6¥] (9107) "[e 19 ypruug
+8] 9By

SIOWSUOU €6
SINOWS $67T

(§°9) 17T =(@s) 958 J¥ 959[10D

(1) 9°s1=(as) 93¢ ;¥ SH

(6°0) TTI=(as) 93¢ W SN

SJUOPMYS 939[[09 pue [00YDS YSIY “Q[PPIU SOHS

[8£1(9100) 'Ie 10 [ored

[#11 ($100) "Te 10 Suoyy

sSurpuyj Jofejy

uS1sop ApiS

uonendog uoney)

(ponunuod)  I[qeL,

pringer

Qs



110

Curr Addict Rep (2019) 6:98-113

Black (31.9%) and Hispanic (29.6%) students reported
vaping, “because it tastes good” [56]. A prospective study of
young adults aged 18-34 found that Black participants were
less likely (adjusted OR [95% CI]=0.64 [0.42, 0.99]) than
White participants to use flavored e-cigarettes [41]. A cross-
sectional study of 944 hospitalized smokers aged 19-80 years
old (55.3% male, 43.0% Black) found that Black participants
(71%) used menthol-flavored e-cigarettes at higher rates than
White participants (34%), whereas more White (61%) than
Black participants (3%) used tobacco-flavored e-cigarettes
[79].

Discussion

This review demonstrates that flavored e-cigarettes are
commonly used by adolescent and young adult vapers at
e-cigarette initiation and during regular use following initi-
ation. Qualitative and experimental evidence indicate that
flavored e-cigarettes are appealing due to their pleasurable
sensory qualities, which may suppress the aversive sensory
effects of nicotine. Epidemiological evidence suggests that
the prevalence of flavored e-cigarette use may differ by age
and smoking status, with older adults and smokers using
flavored e-cigarettes at lower rates than youth and
nonsmokers.

The chemosensory science literature demonstrates that
children and adolescents (vs. adults) have a strong preference
for sweet flavorings in general [6¢], and tobacco industry doc-
uments have found that adolescents and young adults are par-
ticularly susceptible to flavored tobacco products [3, 4].
Observational evidence suggests that restricting the availabil-
ity of flavored combustible cigarettes in the USA may have
reduced youth tobacco use, of both flavored and unflavored
products [83e¢]. Given evidence that (a) youth perceive fla-
vored e-cigarettes to be less harmful than tobacco-flavored e-
cigarettes; (b) flavored e-cigarettes encourage experimenta-
tion with e-cigarettes and may maintain use following initia-
tion; and (c) flavored e-cigarette use may increase risk of
combustible tobacco product use, flavored e-cigarettes may
pose risks to the public health of youth.

Qualitative reports and observational evidence suggest that
flavored e-cigarettes (vs. tobacco flavors) may aid adult
smokers in smoking reduction and cessation efforts [75,
76¢°+]. However, there is only one extant smoking reduction
trial that assessed the efficacy of flavored e-cigarettes to date
[68¢¢]. More clinical, laboratory, and epidemiological research
is needed to determine whether flavored e-cigarettes, com-
pared to tobacco flavors, can help adult smokers quit or reduce
smoking.

This review extends previous research on flavored to-
bacco products by focusing specifically on flavored e-cig-
arettes. By synthesizing the extant observational and

@ Springer

experimental data on flavored e-cigarettes, this review
highlights the growing prevalence of flavored e-cigarette
use among youth and adults and identifies mechanisms
through which flavorings enhance the appeal of e-ciga-
rettes. Additionally, the examination of interindividual
differences (e.g., age, smoking status, gender, race) sug-
gests that the appeal of flavored e-cigarettes may vary in
different segments of the population.

In several places throughout this review, we have iden-
tified gaps in the literature. A number of the studies did
not distinguish between sweet, menthol, and other flavor-
ings; thus, it was not possible to assess the ways in which
specific flavorings differ from one another and may affect
e-cigarette use. While experimental studies have exam-
ined the appeal of sweet-flavored e-cigarettes in adult
and young adult populations, it is unknown if flavorings
have the same effects among e-cigarette-naive adoles-
cents. Few prospective studies have examined trajectories
of flavored e-cigarette use over time, and longitudinal
data is needed to understand the impact of flavorings on
developmental patterns of e-cigarette use as well as pro-
gression to or reduction of combustible tobacco product
use.

Strengths of the review include the integration of epidemi-
ological and experimental evidence and focus on specific
mechanisms through which flavorings enhance e-cigarette
product appeal. This review did not include studies conducted
solely outside the USA, non-English language articles or stud-
ies that did not involve human subjects (e.g., e-liquid toxicol-
ogy assays, analyses of social media posts, studies focused on
marketing and advertising). Additionally, while we included
only articles from peer-reviewed journals, we did not assess
individual study quality.

Conclusions

The majority of adolescent and young adult vapers use fla-
vored e-cigarettes, while older adults and combustible ciga-
rette smokers may use flavored e-cigarettes at lower rates than
youth and nonsmokers. Additional data is needed to determine
whether use of flavored (vs. unflavored) e-cigarettes may im-
prove cessation outcomes among adult smokers. Systematic
approaches are necessary to fully characterize the public
health impact of flavored e-cigarettes and to inform
evidence-based regulatory policies.
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