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ABSTRACT
Objective To examine the extent to which the
perception of sweet and other flavours is associated with
liking and disliking of flavoured electronic cigarettes
(e-cigarettes).
Methods 31 participants (13 females/18 males; 12
sole/19 dual users) vaped 6 commercially available
flavours of blu Tanks: Classic Tobacco (CT), Magnificent
Menthol (MM), Cherry Crush (CC), Vivid Vanilla (VV),
Piña Colada (PC) and Peach Schnapps (PS); all ‘medium’
strength, 12 mg/mL nicotine concentration. For each
flavoured e-cigarette, participants first rated liking/
disliking on the Labeled Hedonic Scale, followed by
perceived intensities of sweetness, coolness, bitterness,
harshness and specific flavour on the generalised version
of the Labeled Magnitude Scale. The psychophysical
testing was conducted individually in an environmental
chamber.
Results PC was perceived as sweetest and liked the
most; CT was perceived as least sweet and liked the
least. Across all flavours, liking was correlated with
sweetness (r=0.31), coolness (r=0.25), bitterness
(r=−0.25) and harshness (r=−0.29, all p<0.001).
Specifically, liking was positively correlated with
sweetness of PS (r=0.56, p=0.001) and PC (r=0.36,
p=0.048); and with coolness of MM, CT and VV
(r=0.41–0.52, p<0.05). In contrast, harshness was
negatively correlated with liking for CC, PC and PS
(r=0.37–0.40, p<0.05). In a multivariate model,
sweetness had the greatest positive impact on liking
followed by coolness; harshness had the greatest
negative impact on liking.
Conclusions Our findings indicate that bitterness and
harshness, most likely from nicotine, have negative
impacts on the liking of e-cigarettes, but the addition of
flavourants that elicit sweetness or coolness generally
improves liking. The results suggest that flavours play an
important role in e-cigarette preference and most likely
use.

INTRODUCTION
The present research addresses the issue of how
flavour perceptions, specifically of sweet flavour,
influence liking and disliking of electronic cigar-
ettes (e-cigarettes). Earlier research on conventional
tobacco cigarettes revealed that cigarette sweetness
is closely related to ratings of satisfaction and pleas-
antness.1 Currently, the addition of ‘characterising’
flavours to cigarettes, with the exception of
menthol, is banned due to their appeal to youth.2–6

Therefore, no artificial or natural flavour (other
than tobacco or menthol) or an herb or spice that
is a characterising flavour of the tobacco product or
tobacco smoke can be contained in a cigarette.7

However, this ban would not automatically extend
to e-cigarettes under the new deeming regulations
that became effective on 8 August 2016.8 Under
the deeming regulation, the Food and Drug
Administration (FDA) has given an extended, dif-
ferent compliance period for flavoured tobacco
products, compared with non-flavoured products,
in order to examine potential impacts of flavours
on tobacco appeal and use. Consideration was
given to non-combusted flavoured products, such
as e-cigarettes, to weigh the risks and benefits to
the general population and subpopulations, and
specifically the increased/decreased likelihood that
(1) non-users will initiate use (eg, youth popula-
tion) and (2) current and former smokers will stop
cigarette smoking. The present research focuses on
e-cigarette flavours perception and its influence on
the liking and disliking of e-cigarettes.
Flavours are a prominent aspect of e-cigarette

merchandising. A 2014 study reported that there
are more than 7000 unique flavours of
e-cigarettes,9 including not just the traditional fla-
vours of ‘tobacco’ and ‘menthol’, but ones having
names associated with sweet items, such as desserts
and candies. Previous research shows that sweet fla-
vours can play an important role in e-cigarette use
behaviours.10–15 In a recent survey of adult e-
cigarette users, many of whom adopted e-cigarettes
to stop or reduce cigarette smoking, a large propor-
tion later adopted sweet flavours after an e-cigarette
initiation using tobacco-like flavours; more than
61% of the respondents reported that they pre-
ferred sweet e-cigarette flavours.10 E-cigarette use is
also growing in the youth population, which has
shown a preference for sweet flavours as well. Over
70% of middle and high school students who
smoke e-cigarettes have tried sweet-flavoured e-
liquids, and more than half prefer to vape with
sweet flavours.14 Thus, there is a legitimate concern
that flavoured e-cigarettes could lead to experimen-
tation with and adoption of e-cigarettes by young
non-smokers. Tempering this concern is a growing
appreciation that the same characteristics which
make e-cigarettes attractive to non-smokers also
appeal to current cigarette smokers, in particular
those motivated to quit smoking. The increased
adoption of sweet-flavoured e-cigarette products
has the potential to result in an increase in youth
e-cigarette initiation, and a reduction in the use of
combustible tobacco products.
To gain a better understanding of the relation-

ship between sweet flavours and liking/disliking of
e-cigarettes, we adopted psychophysical methods
that are commonly used in the studies of foods and
consumer products. This is in contrast to previous
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studies,10 14 15 which used survey techniques to examine the
relationship between perceived sweetness of e-cigarette and its
usage. Recent work by Rosbrook and Green16 illustrates the
effectiveness of the psychophysical approach in demonstrating
sensory effects of menthol and nicotine in e-cigarettes. In the
present research, we applied a similar approach to investigate
the role of flavours in hedonic responses to e-cigarettes in an
adult population.

METHODS
Participants
Thirty-one experienced sole and dual e-cigarette users were
recruited from the Columbus, Ohio area. Participants were
recruited by advertisements on Craigslist and in local college
and city newspapers, flyers in local vape shops, and
word-of-mouth. Participants had to (1) be healthy; (2)
>18 years of age; (3) have been vaping for ≥1 month; (4) use
an e-cigarette liquid with at least a medium nicotine strength
(9–12 mg/mL) and (5) be willing to use blu eCigs of various fla-
vours during a laboratory session. Dual users also had to satisfy
the following inclusion criteria: (1) currently smoking cigarettes;
(2) have smoked cigarettes within the past 30 days and (3) have
been regularly smoking cigarettes for ≥1 year. Dual users had to
use e-cigs at least 3 days a week to be eligible, while sole
e-cigarette users had to vape every day. Sole e-cigarette users
could also not currently be using other tobacco products, such
as little cigars, waterpipes, smokeless tobacco, etc. Exclusion cri-
teria across both user groups included: (1) mouth or throat pro-
blems that would keep the participant from vaping comfortably;
(2) health problems that would keep the participant from tasting
or smelling normally; (3) respiratory allergies; (4) a history of
pulmonary disease or asthma; (5) claustrophobia; (6) being in
the process of trying to quit vaping; and (7) being pregnant,
breast feeding or trying to become pregnant. Participants were
asked to abstain from eating, vaping and smoking (for dual
users) 2 hours prior to their scheduled visit. Participant eligibil-
ity was confirmed at the beginning of the visit, and the informed
consent was read and signed before the session began. This
study was approved by the Battelle Institutional Review Board.
Participants were compensated at the end of the session ($75).

Materials and equipment
The test e-cigarettes, blu Tanks, were provided to each partici-
pant for vaping in the laboratory session. The blu Tanks are a
cigalike e-cigarette with a closed, non-refillable system and do
not contain the wicking material typical of cigalike products.
Given the myriad of e-cigarette styles, flavours and brands avail-
able, the blu Tanks brand was chosen as an exemplar of a self-
contained, standardised product configuration and e-liquid
formula. The following six flavours were tested: two conven-
tional tobacco flavours (Classic Tobacco (CT) and Magnificent
Menthol (MM)), and four non-tobacco flavours (Cherry Crush
(CC), Piña Colada (PC), Peach Schnapps (PS) and Vivid Vanilla
(VV)). These represent all of the available regular flavours sold
for blu Tanks and they cover a range of flavour profiles currently
available in commercial e-liquids. Each flavour was provided to
the participant in the medium nicotine strength (12 mg/mL).
According to the manufacturer, these flavours contained a 60:40
ratio of vegetable glycerin (VG):propylene glycol. Although we
did not experimentally confirm this ratio, in a now-discontinued
version of these blu eCig flavours (purchased in January 2014),
we previously found no VG in the e-liquid.17 All blu Tanks
flavour cartridges used in this study were purchased online

through the blu eCig website in August 2015, and the tanks
were coupled with the blu PLUS+ battery system.

Testing chamber
All vaping sessions took place in a sealed, self-contained
chamber with a controlled ventilation system of six air changes
per hour (2500 L/min). This ventilation sufficiently cleared the
room of any secondhand vapour, and prevented unnecessary
exposure of laboratory staff when entering the chamber. The
chamber has a door and observation windows on three sides
and was designed specifically for tobacco smoking sessions with
human participants.

Procedures
Each session consisted of two parts: training on hedonic and
intensity scales, and data collection. Both parts were conducted
on a one-on-one basis in the sealed chamber described
previously.

Training on scales: Prior to vaping the test e-cigarettes, partici-
pants were trained on how to use both hedonic and intensity
scales. The Labeled Hedonic Scale (LHS) and the general
version of the Labeled Magnitude Scale (gLMS) were used to
measure liking/disliking and perceived intensity of flavour attri-
butes. The LHS18–20 is a bipolar category-ratio scale bounded
by ‘most disliked sensation imaginable’ at the bottom and ‘most
liked sensation imaginable’ at the top, with its intermediate
hedonic labels (ie, like or dislike: slightly, moderately, very
much, extremely) spaced according to their empirically deter-
mined semantic magnitudes18 along with ‘neutral’ at its mid-
point. The scale was displayed on a paper ballot, and
participants were instructed to rate the degree of liking or dislik-
ing of each e-cigarette flavour by placing a slash mark at the
appropriate place on the scale. In order to provide a broad
context of hedonic sensations and allow the participants to
understand how to use the LHS, the participants were asked to
rate their liking or disliking of a list of 15 remembered or ima-
gined sensations (eg, the taste of your favourite chocolate, the
smell of bad body odour).

The gLMS21–23 is also a category-ratio scale bounded by ‘no
sensation’ at the bottom and ‘strongest imaginable sensation of
any kind’ at the top, with intermediate intensity labels (ie, weak,
moderate, strong and very strong) spaced quasi-logarithmically
according to their empirically determined semantic magnitudes.
The distances between descriptors were determined by experi-
mental outcomes that measured the strengths of the descrip-
tors.21–23 The scale was displayed on a paper ballot and
participants were instructed to rate various flavour attributes
they experienced for each e-cigarette flavour by placing a slash
mark at the appropriate place on the scale. As with the LHS, in
order to provide a broad context of sensations and best prepare
the participant for using this device, the participants were asked
to rate 15 remembered or imagined sensations (eg, the sweet-
ness of milk, the heat of sipping boiling hot tea, the weight of a
feather in your hand). The data from the training session were
used for our internal validity check to identify substantial out-
liers among participants (eg, participant with all responses being
no sensation or strongest imaginable) and all participants’
responses fell within a normal range.

Data collection: Once a participant was sufficiently trained on
the use of the scales, the participant was asked to go through a
palate cleansing procedure. He or she first rinsed the mouth
with deionised water (37±0.5°C) and spit out the water. This
was repeated two more times. The participant was then
instructed to eat an unsaltine cracker (ie, a saltine cracker with
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no salt) followed by rinsing the mouth vigorously three more
times with deionised water, spitting out the water after each
rinse. The participant was then instructed to take four puffs
from the first e-cigarette flavour. After taking the puffs, the par-
ticipant first rated liking/disliking of the sample on the LHS and
then rated the perceived intensities of five attributes (ie, sweet-
ness, bitterness, harshness, coolness, own flavour) on five separ-
ate scales. For the ‘own flavour’, the participant was asked to
describe the flavour of the e-cigarette in his/her own words and
then rate its intensity. After completing the assessment of the
first e-cigarette flavour, the participant repeated the palate
cleansing procedure and then exited the chamber to take a
3–5 min break. The latter procedure was employed to clear his
or her nasal passage. After the allotted break time, the partici-
pant re-entered the chamber and was given the second
e-cigarette flavour. The entire process was repeated for the
second e-cigarette flavour, and again four more times until all
six e-cigarette flavours had been vaped and assessed. The fla-
vours were assigned in random order to each participant using a
Williams design.

Data preparation and analysis
Ratings for the LHS were measured from the bottom of the
scale in millimetres and were translated into a range from −100
to +100. Ratings for the gLMS were also measured from the
bottom of the scale in millimetres. While hedonic responses on
the LHS tend to be normally distributed across participants,18 19

intensity ratings on the gLMS tend to be log-normally distribu-
ted.21 22 Therefore, the gLMS intensity ratings, but not the
hedonic ratings, were log-transformed prior to statistical
analyses.

To examine differences between e-cigarette flavours in
hedonic ratings and sensory attribute ratings, one-way analysis
of variance (ANOVA) with Tukey’s honest significant difference
tests were performed. To examine linear relationships between
liking/disliking and sensory attributes, Pearson product-moment
correlations were calculated. To examine the relative effects of
flavour attributes on hedonic ratings, regression analyses were
performed. As the same participants provided ratings multiple
times for the same flavour in our study, their rating data were
correlated. So as not to inflate the significance level, our regres-
sion models were estimated by correcting for intraclass correl-
ation caused by non-independent observations. All statistical
analyses were performed using Stata V.14.1.

RESULTS
Participants’ characteristics
Participants’ characteristics are reported in table 1. Of the 31
participants, 58% were male and 84% were white. Average age
was 34 years. About one-third of participants were dual users,
averaging 18.1 years of cigarette smoking; five were menthol-
cigarette users. Dual users had used e-cigarettes for 26 months
on average whereas sole users for 20 months; the average nico-
tine strength was 20.6 mg/mL for dual users and 17.2 mg/mL
for sole users. All of the participants reported using a variety of
e-cigs, including cigalikes, vape pens, and box and tank mods.
All of the participants had tried flavoured e-liquids other than
tobacco flavour, with the majority (80%) preferring flavoured
e-liquids when vaping. Some participants preferred to vape trad-
itional tobacco flavours (n=6) or menthol (n=3). Reported fla-
vours were: fruit (n=13); vanilla (n=6) and other such as
bubble gum and absinthe (n=3). Based on the Penn State
Electronic Cigarette Dependence Index,24 about 20% (n=6)

were classified as not e-cigarette dependent and half (n=14) as
medium dependent.

Liking/disliking and sensory attributes of e-cigarette
flavours
Figure 1A displays the mean hedonic (liking/disliking) ratings of
the six e-cigarette flavours. PC was liked significantly more than
CT (p<0.05) with other flavours (MM, CT, PS and VV) being
placed in between the two flavours in terms of the degree of
liking. The scatter plot reveals the distributions of individuals’
hedonic ratings for the six flavours. With the exception of CC,
hedonic ratings of all five flavours were more or less symmetric
with centre values as the means. An asymmetric distribution of
hedonic ratings for CC indicates high disliking by a few
participants.

Figure 1B shows the mean log-intensity ratings of sweetness,
coolness, bitterness, harshness and own flavour in response to
each of the six e-cigarette flavours. One-way ANOVAs con-
firmed a significant main effect of e-cigarette flavours on sweet-
ness (F=14.56, p<0.0001), coolness (F=11.96, p<0.00001)
and bitterness (F=3.56, p<0.01), but not on harshness
(F=1.77, p>0.05) and own flavour (F=2.11, p>0.05). As
expected, the four non-tobacco flavoured e-cigarette samples

Table 1 Characteristics of participants (N=31)

Characteristic N (%)

Gender
Male 18 (58%)
Female 13 (42%)

Age (in years) 33.6±10.9
Race
White 26 (84%)
Black 5 (16%)

Education (in years) 14.2±1.9
E-cigarette use status
Dual user 12 (38.7%)
Sole user 19 (61.3%)

Dual user
Non-menthol cigarette user 7 (58.3%)
Menthol cigarette user 5 (41.6%)
Length of combustible cigarette smoking (in years)* 18.1±12.6

Length of e-cigarette use (in months)
Dual user* 26±14
Sole user* 20±11

Nicotine strength (mg/mL)
Dual user* 20.6±5.7
Sole user† 17.2±6.5

Favourite e-cigarette flavour category‡
Fruit (eg, berries, peach, cherry, watermelon) 13 (42.0%)
Tobacco 6 (19.4%)
Vanilla 6 (19.4%)

Menthol 3 (9.6%)
Other (black magic, bubble gum, capp and absinthe) 3 (9.6%)

Penn State Electronic Cigarette Dependence Index
High dependence 6 (19.4%)
Medium dependence 14 (45.2%)
Low dependence 5 (16.1%)
Not dependent 6 (19.4%)

*Response from one respondent was missing.
†Responses from two respondents were missing.
‡Flavours are categorised based on participants’ open-ended responses.
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(CC, PC, PS and VV) were rated significantly sweeter than CT,
and MM was rated significantly higher in cooling sensation than
all other flavours. For bitterness, CT was rated significantly
higher than PC and PS (p<0.05). Trends in the data indicated
that CTwas also the harshest, although harshness ratings across
the e-cigarette flavours were not significant. Hedonic and
sensory ratings in figure 1A, B collectively indicate that PC was
perceived as sweetest and liked the most; CT was perceived as
least sweet and liked the least.

Role of sensory attributes in e-cigarette flavour liking
Table 2 shows the univariate relationship between hedonic
ratings and the perceived intensities of each sensory attributes
for the six e-cigarette flavours. Hedonic ratings were signifi-
cantly positively correlated for sweetness for PC (r=0.36,

p<0.05) and PS (r=0.56, p<0.05). Similar positive but weaker
correlations were found for CT (r=0.32, p=0.08), MM
(r=0.34, p=0.06) and VV (r=0.28, p=0.13). For CC, no mean-
ingful relationship was found for hedonic ratings with sweet-
ness. Hedonic ratings were also positively correlated with
coolness for all six flavours, but this relationship was only found
to be statistically significant for CT, MM and VV (r=0.41–0.52,
p<0.05). In contrast, harshness ratings were significantly nega-
tively correlated with hedonic ratings for CC, PC and PS
(r=0.37–0.40, p<0.05). Bitterness was also negatively corre-
lated with hedonic ratings across all flavours, but not signifi-
cantly so. ‘Own flavour’ was positively related to hedonic
ratings, most notably for MM (r=0.60, p<0.0001), where par-
ticipants commonly described it as ‘refreshing’ and ‘minty’.
A statistically significant positive correlation between hedonic
ratings and ‘own flavour’ intensity ratings was also observed for

Figure 1 (A) Mean hedonic ratings
±SEMs (top left) and scatter plot of
hedonic ratings (top right) of the six
e-cigarette flavours with 12 mg/mL
nicotine concentration across all
participants (N=31). CT, MM, CC, PC,
PS and VV represent for Classic
Tobacco, Magnificent Menthol, Cherry
Crush, Piña Colada, Peach Schnapps
and Vivid Vanilla. Letters on the right
y-axis represent semantic labels of the
LHS. (B) Log10 means±SEMs of
intensity ratings of sweetness,
coolness, bitterness, harshness and
own flavour across all participants.
Letters on the right y-axis represent
semantic labels of the gLMS. Different
letters (a–c) indicate significant
differences between e-cigarette
flavours (Tukey’s honest significant
difference test, p<0.05). BD, barely
detectable; DE, dislike extremely; DVM,
dislike very much; DM, dislike
moderately; DS, dislike slightly;
e-cigarette, electronic cigarette; gLMS,
general version of the Labeled
Magnitude Scale; LHS, Labeled
Hedonic Scale; LS, like slightly; LM,
like moderately; LVM, like very much;
LE, like extremely; M, moderate; S,
strong; VS, very strong; W, weak.

ii58 Kim H, et al. Tob Control 2016;25:ii55–ii61. doi:10.1136/tobaccocontrol-2016-053221

Research paper
 on M

ay 24, 2023 by guest. P
rotected by copyright.

http://tobaccocontrol.bm
j.com

/
T

ob C
ontrol: first published as 10.1136/tobaccocontrol-2016-053221 on 5 O

ctober 2016. D
ow

nloaded from
 

http://tobaccocontrol.bmj.com/


VV (r=0.38, p=0.03). The most often listed descriptors were
‘caramel’ and ‘coffee drinks’ for VV.

To examine the general effects of sensory attributes on the
potential liking and disliking of e-cigarettes, we regressed
sensory attributes on hedonic ratings after aggregating the data
of the six flavours in one data set. When a single attribute was
considered as a factor (see table 3, models 1–4), sweetness and
coolness showed their positive contributions, while bitterness
and harshness showed negative contributions to liking and dis-
liking of the six e-cigarettes flavours. When sweetness was con-
sidered as a sole factor, 9.6% of the total variation in hedonic
ratings was explained, while coolness explained 6.4% of the
variation in hedonic ratings to six flavours (see table 3, model 1
vs 2). Next, we added three attributes to the regression models
to estimate their relative impacts on hedonic ratings (see table 3,
models 5–6). By adding more sensory attributes, the total vari-
ation explained in hedonic ratings was improved to 20.8%.
When all four attributes were included in one regression model
(model 7), however, the total variation explained in hedonic
ratings was not improved any further (R2=21.7%). Note that
the coefficients of bitterness and harshness were no longer statis-
tically significant in the model because harshness and bitterness
ratings were strongly correlated (r=0.62, p<0.001). Regardless
of the model employed, the regression coefficient of sweetness
exceeded that of coolness (see table 3, models 5–7). All of the
regression models were estimated by correcting for intraclass
correlation caused by non-independent observations.

Roles of other factors in e-cigarette flavour liking
We explored the roles of age, gender and race on the relation-
ships between hedonic rating and sensation intensity ratings.
None were significant factors in the regression models. We also
included variables of participants’ dual-use status, menthol
smoker status, as well as e-cigarette dependence grouping status
in the model, but none of the variables were statistically signifi-
cant. Inclusion of those variables did not change the relation-
ships between hedonic rating and intensity ratings described
earlier.

DISCUSSION
Our findings suggest that flavours play an important role in
liking and disliking of e-cigarettes. First and foremost, the
results show that bitterness and harshness are negatively asso-
ciated with liking of e-cigarettes, while sweetness and coolness
are positively associated with liking. In other words, our find-
ings suggest that perceived bitterness and harshness reduce the
liking of e-cigarette flavours, but the addition of flavourants that
elicit sweetness and coolness improves the liking. In addition,
our findings indicate that the impact of sweetness on liking is
greater than the impact of coolness. These findings imply that
the role of sweet flavours in e-cigarettes is potentially significant
in attracting current sole e-cigarette users and dual e-cigarette
and cigarette users. As indicated by positive correlations
between sweetness and liking/disliking ratings (see table 2),
sweetness ratings of e-cigarette flavours are associated with
higher liking, even in tobacco (CT) and menthol (MM) flavours.
These results are not surprising, given that liking for sweet sub-
stances is innate, and that sweetness can suppress bitterness.25 26

Our findings also provide evidence that e-cigarette flavours
with cooling attributes appeal to adult e-cigarette users. It is
well established that menthol produces a cooling sensation
along with a minty flavour.27 Previous studies have demon-
strated that menthol has the effect of masking bitter taste and
reducing harshness/irritation of cigarette smoke and nico-
tine.16 28–33 Furthermore, menthol tends to increase liking.16

The improved sensory appeal of menthol cigarettes is greatest
for youth, women and African-Americans,30 33–35 and the posi-
tive associations of menthol flavour in e-cigarettes demonstrated
in this study suggest that these subpopulations may be at risk for
greater rates of e-cigarette initiation and use.

In contrast to conventional cigarettes, characterising flavours
are still permitted in other tobacco products under the new
deeming rule, including e-cigarettes.7 While the exact mechan-
ism of how sweet flavours increase or reduce liking of tobacco
products is unclear, the present study provides the first

Table 2 Correlations of hedonic ratings and specific attribute for
six e-cigarette flavours (N=31)

Sensory
attribute CT MM CC PC PS VV

Sweetness 0.32 0.34 −0.13 0.36 0.56 0.28
p=0.075 p=0.058 p=0.503 p=0.048 p=0.001 p=0.132

Coolness 0.44 0.52 0.09 0.29 0.11 0.41
p=0.013 p=0.002 p=0.632 p=0.117 p=0.544 p=0.021

Bitterness −0.12 −0.29 −0.25 −0.34 −0.12 −0.05
p=0.511 p=0.107 p=0.171 p=0.063 p=0.512 p=0.804

Harshness −0.001 −0.03 −0.40 −0.39 −0.37 −0.19
p=0.995 p=0.871 p=0.026 p=0.032 p=0.040 p=0.301

Own flavour 0.13 0.60 −0.11 0.31 0.30 0.38
p=0.489 p=0.000 p=0.549 p=0.086 p=0.106 p=0.034

Correlation coefficients and p values are shown; bold characters indicate statistically
significant values at p<0.05.
CC, Cherry Crush; CT, Classic Tobacco; E-cigarette, Electronic Cigarette; MM,
Magnificent Menthol; PC, Piña Colada; PS, Peach Schnapps; VV, Vivid Vanilla.

Table 3 Regression coefficients with p values examining the effects of sensory attribute intensity ratings on hedonic ratings in different models

Sensory attribute Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

Sweetness 13.37 – – – 10.50 10.41 10.32
p=0.000 p=0.005 p=0.007 p=0.007

Coolness – 6.06 – – 4.49 4.73 4.74
p=0.007 p=0.038 p=0.032 p=0.027

Bitterness – – −7.09 – −7.07 – −3.27
p=0.011 p=0.003 p=0.244

Harshness – – – −8.05 – −8.25 −6.18
p=0.024 p=0.013 p=0.121

R2 9.6% 6.4% 6.5% 8.1% 18.8% 20.8% 21.7%

All of the ratings on six flavours from 31 participants were aggregated to run these regression models (total N=186). Intraclass correlations were corrected for to estimate correct SEs
because the ratings were correlated within the same participants.
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psychophysical evidence for a significant positive association
between sweet flavours and liking. This highly innovative appli-
cation of two existing psychophysical measurement scales,
which are typically used in the field of chemical senses, to
tobacco flavour research can be expanded to examine the role
of flavours in other flavoured tobacco products (eg, waterpipes,
cigarillos, little cigars). Since tobacco products evoke various
sensations and hedonic response just like any other foods and
consumer products, the application of the scales in tobacco
regulatory research holds great promise in better understanding
the role of flavours in use behaviours. Additional studies are
needed to further validate the scales and test their sensitivity in
the tobacco research area.

Our findings of a significant positive association between
sweet flavours and liking are consistent with previous studies,
and thus not unexpected. A large proportion of adult e-cigarette
users report adopting sweet flavours after e-cigarette initiation
using tobacco-like flavours,10 and e-cigarette users in general
report that they prefer sweet e-cigarette flavours.10 14 This study
provides initial experimental evidence of the distinct and signifi-
cant link between sweet flavours and liking in e-cigarettes,
adding to our knowledge on the role of flavours in e-cigarette
use and offering an enhanced understanding of the importance
of sweet flavours.

Limitations
The present study has several limitations. Because of the small
sample size, our study is underpowered to examine the roles of
demographic characteristics and other tobacco/e-cigarette use
characteristics on the relationships between sensory intensity
and liking/disliking. One of the study eligibility criteria may
have yielded a rather limited pool of study participants, notably
the use of at least a ‘medium’ level (≥9 mg/mL) of nicotine
strength was required for inclusion. Many respondents to the
study cited the use of a 3–6 mg/mL nicotine e-liquid. Since our
study was conducted with experienced e-cigarette users, our
findings are not generalisable to first-time e-cigarette users,
including both smokers and non-smokers, whose sensory attri-
bute ratings and hedonic ratings would likely be different. In
addition, our study was limited to adults with a large range in
age. Further, our choice of e-cigarette, blu Tanks, might not be
representative of popular e-cigarettes more often purchased.
Therefore, the results of the study may not be generalisable
across populations and e-cigarette devices. While all of the six
regular flavours sold for blu Tanks were adopted for the study,
these flavours do not represent the full variety and breadth of
flavours available in the market.

CONCLUSION
This study provides psychophysical evidence of the significant
role that flavours play in e-cigarette preference, and most likely
use. More specifically, our findings suggest that sweet flavours
enhance the appeal and liking of e-cigarette use. The greater
attractiveness of e-cigarettes in terms of flavour presents the
potential to reduce smoking in existing cigarette smokers but
may also contribute to indirect harm by facilitating initiation of
tobacco products and increasing the intensity of tobacco
product use. If flavour is the major reason to initiate and con-
tinue to use e-cigarettes, especially for youth and young
adults,36 more research is needed to determine which chemical
compounds, and the specific concentration thresholds of those
compounds, can influence the liking/disliking of e-cigarettes for
specific populations of users. Systematic testing of these chemi-
cals to determine the toxicity of the thermal degradation

products generated and inhaled as a result of commercial e-
cigarette device-like conditions is called for. Finally, a consider-
ation of the potential benefits of attractively flavoured e-
cigarettes as an aid for combustible tobacco users to either quit
or reduce their smoking must be balanced against the concern
that these flavoured e-cigarettes may lead to greater use initi-
ation of a younger population.

What this paper adds

▸ This study applied psychophysical methods to measure
sensory attributes of and hedonic responses to electronic
cigarette (e-cigarette) flavours that are currently available in
the market.

▸ This paper provides empirical evidence that perceived
sweetness and coolness are positively correlated with liking
of e-cigarette flavours that contain nicotine, whereas
perceived bitterness and harshness are negatively correlated.

▸ Overall, bitterness and harshness, most likely from nicotine,
reduce the liking of e-cigarette flavours, but sweetness and
coolness significantly improve liking.

▸ The impact of sweetness on liking is greater than the impact
of coolness in our study, implying that the role of sweet
flavours in e-cigarettes is potentially a more significant
factor in attracting sole e-cigarette users and dual
e-cigarette and cigarette users.
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