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Abstract

Introduction: E-liquids are available in a high variety of flavors. A systematic classification of e-lig-
uid flavors is necessary to increase comparability of research results. In the food, alcohol, and fra-
grance industry, flavors are classified using flavor wheels. We systematically reviewed literature
on flavors related to electronic cigarette use, to investigate how e-liquid flavors have been clas-
sified in research, and propose an e-liquid flavor wheel to classify e-liquids based on marketing
descriptions.

Methods: The search was conducted in May 2017 using PubMed and Embase databases. Keywords
included terms associated with electronic cigarette, flavors, liking, learning, and wanting in arti-
cles. Results were independently screened and reviewed. Flavor categories used in the articles
reviewed were extracted.

Results: Searches yielded 386 unique articles of which 28 were included. Forty-three main flavor
categories were reported in these articles (eg, tobacco, menthol, mint, fruit, bakery/dessert, alco-
hol, nuts, spice, candy, coffee/tea, beverages, chocolate, sweet flavors, vanilla, and unflavored).
Flavor classifications of e-liquids in literature showed similarities and differences across studies.
Our proposed e-liquid flavor wheel contains 13 main categories and 90 subcategories, which sum-
marize flavor categories from literature to find a shared vocabulary. For classification of e-liquids
using our flavor wheel, marketing descriptions should be used.

Conclusions: We have proposed a flavor wheel for classification of e-liquids. Further research is
needed to test the flavor wheels’ empirical value. Consistently classifying e-liquid flavors using our
flavor wheel in research (eg, experimental, marketing, or qualitative studies) minimizes interpret-
ation differences and increases comparability of results.

Implications: We reviewed e-liquid flavors and flavor categories used in research. A large variation
in the naming of flavor categories was found and e-liquid flavors were not consistently classi-
fied. We developed an e-liquid flavor wheel and provided a guideline for systematic classification
of e-liquids based on marketing descriptions. Our flavor wheel summarizes e-liquid flavors and
categories used in literature in order to create a shared vocabulary. Applying our flavor wheel in
research on e-liquids will improve data interpretation, increase comparability across studies, and
support policy makers in developing rules for regulation of e-liquid flavors.

© The Author(s) 2018. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

1310


mailto:E-mail: erna.krusemann@rivm.nl?subject=
mailto:E-mail: erna.krusemann@rivm.nl?subject=

Nicotine & Tobacco Research, 2019, Vol. 21, No. 10

131

Introduction

Electronic cigarettes (e-cigarettes) vaporize e-liquids, which consist
of a propylene glycol and glycerol base, and a varying amount of
nicotine and flavorings.! Flavorings are the flavor molecules pre-
sent in e-liquids that contribute to the perceived flavor, whereas
we refer to flavors as the combined sensations of taste and smell of
e-liquids from a particular brand. The number of available e-liquid
flavors exceeded 7500 in 2014 and is still increasing.? These flavors
increase sensory appeal of the e-liquid.’ Increasing attractiveness
of e-liquid flavors could stimulate smokers to use an e-cigarette as
alternative for regular cigarettes, as nontobacco and nonmenthol
flavors are associated with higher rates of smoking cessation.**
On the other hand, it is well established that flavors in tobacco
products generally attract adolescents and youth.”"!? Flavor prefer-
ences may also play an important role in e-cigarette use among
adolescents.!! Especially nontobacco e-liquid flavors are attract-
ive to nonsmoking youth, thereby stimulating use and nicotine
consumption. '

Nicotine-containing e-liquids have a stimulating effect on the
reward system within the brain, which is implicated in the develop-
ment of addiction.” The core psychological components of reward
are liking, learning, and wanting.'® Whereas flavors are added to
increase product liking, addictive substances such as nicotine play
a role in motivation and influence the reward system through
mechanisms of learning and wanting. Considering existing litera-
ture, research has mostly focused on the role of flavors in liking of
e-cigarettes, providing insight in e-cigarette use and preferences. For
instance, a review of Huang et al."” showed that most e-cigarette
users prefer nontraditional flavors such as fruit and sweet flavors
compared to traditional flavors such as tobacco or menthol. In
addition, a recent study showed that adolescents predominantly
prefer fruit, candy/dessert, and vanilla, whereas the most preferred
flavors among adults are nonsweet e-cigarette flavors such as fruit,
tobacco, and menthol/mint."" For regulation purposes, it is import-
ant to understand how flavor liking differs among different con-
sumer groups, for example, adult tobacco smokers and nonsmoking
adolescents or youth. However, as the variety of available e-liquid
flavors increases and more and more research is being conducted, a
systematic way of flavor classification is needed in order to increase
comparability of results and facilitate data interpretation among
researchers and policy makers.

Flavor wheels have been developed as a tool to consistently clas-
sify flavors and/or aromas in the food, alcohol, and fragrance indus-
tries. A flavor wheel visually represents a shared vocabulary of flavor
attributes that are classified into general categories. For instance,
Noble et al.'"® developed a wine aroma wheel in 1984 containing
12 main categories such as fruity, vegetative, nutty, earthy, chemical,
floral, and spicy, and uses subattributes for specification. Similarly,
flavor wheels have also been developed for other alcoholic beverages
(eg, beer and whiskey),"?* for food products (eg, chocolate, coffee,
olive oil, and cheese),?'** and for fragrances.” Regarding tobacco
products, the industry has created a cigar flavor wheel that consists
of 8 main categories and 52 subcategories.”® These flavor wheels
are used as a common vocabulary within industries and science, for
instance, as a tool used by consumer or expert panels to assess flavor
attributes.

While the number of unique e-cigarette flavors is increasing, no
flavor wheel for e-liquids currently exists. We have reviewed e-liquid
flavor classification in existing literature and propose a flavor wheel
to systematically classify e-liquid flavors.

The importance of developing a systematic flavor classifica-
tion for e-liquids was previously mentioned by Yingst et al.,*” who
conducted a survey about participants’ favorite e-liquid flavor. The
researchers used the participants’ responses to develop a list of fla-
vor categories and guidelines for classification of e-liquid flavors.
Flavor classifications may differ across study disciplines, as individu-
als interpret e-liquid brand names and marketing descriptions in a
different way. We therefore reviewed existing literature (including
the publication of Yingst et al.) to investigate which classifications
and terminology researchers have used in order to find a commonly
agreed flavor vocabulary.

To develop a shared vocabulary, we propose an e-liquid flavor
wheel that summarizes flavor categories from literature. The flavor
wheel could be applied to multiple research disciplines, for instance,
to investigate liking of particular flavor categories among differ-
ent consumer groups. Applying our flavor wheel for e-liquids will
facilitate communication among and between researchers, consum-
ers, and policy makers, which will improve data interpretation and
increase comparability of results across studies.

Methods

Data Sources and Search

Our search strategy aimed to identify peer-reviewed journal articles
in which flavors are investigated in relation to e-cigarette use and
preferences. The strategy was developed with the assistance of an
experienced librarian with expertise in conducting and documenting
literature searches. The search was conducted in May 2017 using
PubMed and Embase databases. The search was updated to include
current literature up to January 2018. Keywords included terms to
capture concepts associated with e-cigarettes, flavors, liking, learn-
ing, and wanting. Articles published between the year of 1990 and
the search date were included. As an example, the complete search
strategy for the PubMed database is added in Supplementary Table 1.

Study Selection and Exclusion Criteria

Retrieved articles were screened, duplicates were eliminated, and
remaining citations were organized in EndNote (Clarivate Analytics,
Philadelphia, PA) following Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Figure 1). First,
two authors (EK and RT) created and agreed on a list of exclusion
criteria, and independently screened a random sample of 66 titles
and abstracts, blinded to authors and journal titles, for interrater
reliability.?® The Cohen’s kappa reached 0.92, which is considered
an almost perfect level of agreement.?” Second, the same two authors
independently screened the total set of titles and abstracts, blinded
to authors and journal titles.*® Data were compiled into an Excel
workbook and consensus was reached on titles and abstracts that
the authors evaluated in a different way.’! Articles were excluded
(Figure 1) when e-cigarettes were not the research topic (7 = 194).
In addition, articles about toxicity, health, or health risks (7 = 59);
chemical-analytical research articles on liquid composition (7 = 17);
articles of which the title and abstract did not mention the word
flavor or a specific flavor (7 = 12); or review articles (7 = 6) were
excluded. In the third phase, the first author (EK) reviewed full-text
articles to determine final eligibility. Articles were excluded if e-cig-
arettes were not the research topic (7 = 11); the article described
toxicology or health risks (7 = 21) or chemical composition (17 = 3);
flavors were not the main research topic (7 = 9); the article was a
literature review (3); the topic was legislation (7 = 3); the article
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125 records identified from
all sources

2 additional items found outside of database searches

to be screened for inclusion

523 records identified from
all sources

> [ 137 internal & external duplicate citations excluded

\

386 titles & abstracts screened

288 titles/ abstracts excluded

194 Not about e-cigarette
59 Toxicity or health (risks)
17  Chemical composition
12 Not about flavors

6 Review

y
| 89 full text records to be reviewed |

0 records not available for review

y
[ 89 full text records reviewed

73 full text articles excluded

11 Not about e-cigarette
21 Toxicity or health (risks)
3 Chemical composition

9  Not about flavors

3 Review

3 Legislation

12 Opinion, response, non-peer reviewed articles
5 Incomplete or insufficient data

6  No flavor categories

< I

3 publications added after literature update

28 publications included
Reporting on 28 studies

Figure 1. PRISMA flowchart. Articles were retrieved from PubMed and Embase databases (n =521) and via citation tracking (n = 2). Articles published between
the year of 1990 and the search date (May 2017; updated in January 2018) were included.

was non-peer reviewed (7 = 12); data were incomplete or insuffi-
cient (n = 5); or if the article did not use e-liquid flavor categories
(1 = 6). As we were interested in flavor classifications only to provide
a broad overview of interpretations of researchers in order to de-
velop a common flavor vocabulary, no articles were excluded based
on quality (internal or external validity). Articles encountered via
citation tracking that were considered eligible for inclusion were
reviewed using the previously mentioned exclusion criteria (72 = 2).

Data Extraction and Synthesis

Included articles (7 = 28) were analyzed by the first author using a
data extraction table. The articles included have used a certain clas-
sification of e-cigarette flavors for data reduction, either to explain
which flavors they used (eg, for experimental setups) or to categorize
their results (eg, for surveys). For instance, Tackett et al.® conducted

a survey in which e-cigarette flavors were represented by six cat-
egories: fruity, bakery/dessert, tobacco blends, mint/menthol, candy/
nuts, and coffee. From each article, the flavor categories used in the
study design were extracted. A distinction was made between main
flavor categories (eg, fruit or spice) and subcategories (specific e-lig-
uid flavors that represent these categories, eg, lemon or cinnamon).
For instance, the answer options of survey questions about con-
sumers’ preferred e-liquid flavor (eg, “fruit” or “candy”) were main
flavor categories, while the examples that researchers used to ex-
plain or specify these categories (eg, “e.g., cherry, watermelon, kiwi”
or “e.g., bubble gum™) were considered specific e-liquid flavors that
represent the main flavor categories. Another example: if research-
ers compared sweet flavors with nonsweet flavors, we considered
“sweet” and “non-sweet” as the main flavor categories. The exam-
ples that researchers use as specification of these main categories
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were considered subcategories (eg, “chocolate” or “vanilla” as sub-
category of sweet flavors, and “tobacco” or “menthol” as subcat-
egory of nonsweet flavors).

Some of the main flavor categories or subcategories identified
from literature were used in more than one article; hence, prevalence
of each flavor category was determined. Results were summarized in
Table 1 that shows each main flavor category and associated subcat-
egories, (ie, flavor examples of the main categories), which were used
in the articles reviewed.

Generation of the Flavor Wheel

The flavor categories extracted from literature served as a basis for our
flavor wheel. Similar flavor categories were combined into one category.
The name of this category was based on the name that was predomin-
antly used in the articles reviewed (see prevalence numbers in Table 1).
Resulting categories formed the inner layer of the flavor wheel.

The specific e-liquids that were used in literature as examples of
the main categories were considered representative examples of the
main categories. Therefore, each of the specific e-liquid flavors men-
tioned in literature was used as a subcategory in the outer layer of
the flavor wheel. Brand names were excluded to solely include gen-
eric and generally known category names. Subcategories were sorted
to be mutually exclusive; hence, each of the specific flavors used as
example of a main category was associated to only one of the main
categories. Classification of subcategories within main categories was
based on classifications in articles reviewed (see Table 1), and flavor
wheels from the food, alcohol, and fragrance industries.!*20:22:24-26:32

Results

Database searches and citation tracking yielded 386 unique arti-
cles of which 25 met all inclusion criteria. A literature search
update led to three additional eligible articles, resulting in a total
inclusion of 28 publications. Most studies were conducted in the
United States (r = 21). Other study locations were United Kingdom
(n = 3), Canada (n = 2), Greece/ltaly (n = 1), and China/United
States (7 = 1). An overview of study characteristics is added in
Supplementary Table 2.

Analysis of flavor classifications used in the articles reviewed
resulted in 43 unique main flavor categories, which are shown,
including their prevalence across articles, in Table 1. Clustering simi-
lar categories resulted in 13 clusters of tobacco-, menthol-, fruit-,
dessert-, alcohol-, nut-, spices-, candy-, coffee/tea-, beverages-, and
sweet-like flavors, and unflavored e-liquids and unspecified flavors.
The third column of Table 1 describes specific flavors mentioned as
example of one of the main categories. For instance, Tackett et al.®
mentioned strawberry and blueberry as examples of their fruity cat-
egory, and cotton candy, SweetTart, hazelnut, and almond as exam-
ples of the candy/nuts category. The prevalence of these specific
flavors has been indicated if a flavor was mentioned as example of a
particular category in more than one article.

The number of flavor categories used in the included articles var-
ied from 1 to 11. For instance, Vasiljevic et al.>* conducted an experi-
mental study with candy-flavored e-cigarettes only, whereas the
survey of Yingst et al.?” distinguishes between 11 categories, being
tobacco, menthol/mint, fruit, dessert/sweets, alcohol, nuts/spices,
candy, coffee/tea, other beverages, unflavored, and don’t know/other
flavors.

Considering flavor categories and classifications in literature, the
overview of Table 1 shows that some of the flavor categories were
used in more than one article. However, clustering similar categories

shows that different category names were used to express the same
types of flavors.

Similarities in Flavor Classifications Across Literature

The category for alcohol-like flavors was named “alcohol” in each
of the six articles using this category.'»*”**37 Fruit-like flavors were
classified as “fruit” in 18 articles®®!1-13:27:3445; only one of the articles
reviewed used “cherry” as main category.* Articles commonly used
a separate “spice” category'1%374% two articles used a “seasonings”

category for flavors such as cinnamon and pepper.?

%44 Regarding
beverages, five articles used a category for “beverages,” “beverages/
drinks,” or 57,39 44,45

common category name for candy-like flavors.?”:333%36:374046 Nineteen

“other beverages. Furthermore, “candy” was a
of the articles reviewed used a “tobacco” category for tobacco-like
flavors. #-6:11-13:27,34-37,39.41424447-50 Finally, seven of the publications
reviewed used an “unflavored”!227:384251 or “flavorless” category,>*
explained by Litt et al.* and Rosbrook and Green®' as a propylene
glycol/vegetable glycerin base only. In conclusion, common catego-
spice,” “beverages,”

»

ries used in literature are “alcohol,” “fruit,

» G«

“candy,” “tobacco,” and “unflavored.”

Differences in Flavor Classifications Across Literature
The differences in the naming of main flavor categories in literature
are mostly related to menthol-, nuts-, coffee-, dessert- and sweet-
like flavors, and to unspecified categories. Whereas “menthol” has
been used as separate category in 10 studies,!!36:37:3942.444849,51
menthol has been used in combination with “mint”%61227:343551 o
“tobacco”* as well. Even though menthol and tobacco are clearly
different, researchers might have clustered these flavors because of
the definition of characterizing flavors in cigarettes (flavors other
than tobacco or menthol) by the US Food and Drug Administration,*
or by the fact that manufacturers commonly add menthol to tobacco
products to increase sensory appeal.” Clustering menthol with mint
flavor might be related to fact that menthol is the major constituent
of oils that are produced by Mentha plants, which have the well-
known cooling minty taste and smell.*?

Regarding nut flavors, three studies used a separate “nut” cat-

?27 or “candy”.®

4,6,11,35,37,41

egory,™** while others combined it with “spices
Similarly, six studies used a separate “coffee” category,
while coffee has been classified together with “tea”?”3* or “alco-
hol”'240 as well. “Dessert” has been mentioned as a separate

category in Table 1,°® or together with “bakery”,® “sweets”,”

“candy”, 12

or “food/spice”.* Dessert-like flavors were also clas-
sified as “cream.”** Similarly, while “sweet” is a separate category
in seven studies,53%414445:48 some studies classified sweet flavors
together with “dessert”?” or “chocolate”.** In addition, flavors such
as vanilla and chocolate have been used as main categories!!»**34
but were also part of the “sweet” category.* Finally, the final rows
of Table 1 represent 10 unspecified flavor categories such as “fla-

» <«

vor,” “no flavor,

» <« » <« » » <«

non-tobacco,” “non-sweet,” “other,” “traditional
flavors,” and “don’t know.”

Even though different names were used, the main categories
described in this section could be summarized into “menthol”,
“nuts”, “coffee”, “dessert”, “sweet”, and “other flavors™.

Besides differences in the naming of main categories, classifica-
tion of specific e-liquid flavors within the main categories differed
as well (third column of Table 1). Particularly e-liquids with a cof-
fee, vanilla, and chocolate flavor were inconsistently classified: some
articles classified these flavors within a different main category than

others. Coffee-flavored e-liquids were classified within a separate
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Table 1. Main Flavor Categories Used in the Articles Reviewed (First Column), Prevalence Across Articles (Second Column), and the
E-Liquid Flavors Mentioned as an Example of These Categories (Third Column). Main Categories Were Clustered on Similarity and
Marked With a Color (Alternating Gray and White) to Distinguish Between Similar Categories. Individual E-Liquid Flavors in the Third
Column Are Separated by a Comma. If an E-Liquid Flavor Was Mentioned as Example of a Particular Category in More Than One Atrticle,

Prevalence Is Indicated

Main flavor categories
from literature (7 = 43)

Prevalence

E-liquid flavors mentioned as example

References

Tobacco

Tobacco or menthol

Menthol
Menthol/mint
Mint

Nuts
Nuts/spices

Seasonings
Spice

Coffee
Coffee/alcohol
Coffee/tea

Alcohol

Beverages
Beverages/drinks
Other beverages

Cherry
Fruit

Bakery/dessert
Cream

Dessert
Dessert/sweets
Food/dessert/spice

Candy

Candy or dessert
Candy/nuts

Caramel, vanilla,

chocolate or cream
Chocolate
Chocolate/sweet
Sweet

Vanilla

Flavorless
Unflavored

Combination of flavors
Don’t know

Don’t know/other
Flavor

No flavor

Nonsweet

Nontobacco

Other

Other food

Traditional flavors

19

—_

[N S I (S Ie ) QN L SR \C TN IR e R )

0 = == W

[ ! I S IS S SN (S I S R SR NS R S

Tobacco (n = 3), menthol

Tobacco, menthol

Menthol (7 = 2), mint (7 = 2), menthol tobacco
Menthol, mint, peppermint

Nuts (7 = 2)
Almond, cinnamon, peanut butter, pecan

Cinnamon (n = 2), pepper (1 = 2)
Cinnamon (7 = 2), clove, nutmeg

Cappuccino, espresso, latte

Cappuccino, coffee, espresso, tea

Absinthe, absolut, bourbon, champagne, (strawberry) daiquiri, mojitos, pifia colada,
rum, scotch

Coffee (n = 3), alcoholic drinks, soda, tea (7 = 2), wine (7 = 2)

Energy drinks, lemonades, sodas

Cherry (1 = 7), strawberry (n = 7), apple (n = 4), blueberry (n = 4), mango (n =3), orange
(n = 3), peach (n = 3), watermelon (1 = 3), banana (1 = 2), berry (n = 2), lemon (1 = 2),
pomegranate (1 = 2), raspberry (1 = 2), coconut, grape, green apple, lime, pear, plum

Cake (7 = 2), chocolate (7 = 2), cookie (7 = 2), custard (7 = 2), milk (7 = 2), vanilla
(n = 2), butter, cheese, cream

Chocolate

Cakes, cereals, chocolate, donuts, ice cream, quick breads, vanilla, waffles

Banana foster, coffee, peaches, vanilla

Gummy bears (7 = 3), licorice (1 = 2), bubble gum, chocolate, Swedish fish, SweetTarts,
vanilla

Chocolate (7 = 2), apple pie, gummy bear, Jolly Rancher, vanilla

Almond, cotton candy, hazelnut, SweetTart

Chocolate

Candy (7 = 3), honey (n = 2), blackberry, candy floss, caramel, chocolate, cola, cotton
candy, desserts, peach, sweet lemon tea, vanilla, watermelon

PG/VG base only (1 = 2)

Blueberry champagne, bubble gum, tobacco, vanilla

Buttery, chocolate, cinnamon, menthol

Menthol, mint, tobacco

Cherry, peach, pifia colada, vanilla

Double espresso, pomegranate, vanilla bean
Cupcakes, muffins

Menthol, tobacco

4-6,11-13,27,34-37,
39,41,42,44,47-50

43,46

4,11,36,37,39,42,44,48,49,51
5,6,12,27,34,35,51

11,40

5,39,44

27

39,44

11,12,37,40

4,6,11,35,37,41
12,40

27,34

11,27,34-37

39,44,45
5

27

4

5,6,11-13,27,34-45

27,33,34,36,37,40,46

11,12

3,5,39,41,44,45,48

11,35

335

12,27,38,42,51

43,48

11,37

47,50
5,11,35,37,40,46,48
34

45

PG = propylene glycol; VG = vegetable glycerine.
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category for “coffee/tea,”?” or within a “beverages,”**** or “food/
dessert/spice” category.® Vanilla-flavored e-liquids were classified
within a broad range of categories, such as “candy or dessert,”!?
“candy,”’¢ “food/dessert/spice,”* “cream,”** “sweet,”* and “des-
sert/sweets.”” Even though not consistently classified, vanilla seems
a popular e-liquid flavor as it is mentioned as an example of three
of the unspecified categories for other flavors as well.*%¢47 Similarly,
besides being used as a separate category, chocolate-flavored e-lig-
uids were classified within seven different flavor categories: “des-
sert,”

» « » « » ¢

candy or dessert,” “candy,” “cream,” “sweet,” “desert/sweets,”
and one of the unspecified categories.!!+12:27:36:38:39,42,44,45,54

Thus, vanilla and chocolate were not classified exclusively to one
category such as “dessert”, “candy”, or “beverages”. As vanilla and
chocolate are often used as ingredients in sweet products, we consider

these flavors general sweet flavors other than candy, dessert, or fruit.

-
-
<
(0]
o
[}
(%)
®
o}
=
<

E-liquid
Flavor Wheel

Proposed Flavor Wheel for E-Liquids

As a result of reviewing flavor classifications in literature, we pro-
pose a flavor wheel for e-liquids consisting of the following 13 main
flavor categories: “tobacco,” “menthol/mint,” “nuts,” “spices,” “cof-
fee/tea,” “alcohol,” “other beverages,” “fruit,” “dessert,” “candy,”

» <«

» <« » »

“other sweets,” “other flavors,” and “unflavored.” Fruit flavors were

divided into “berries,

”» »

“citrus,” “tropical,” and “other” fruits, similar
to the division of the fruit category in the flavor wheels for wine,
whiskey, coffee, and chocolate.!”?>?*3 The e-liquid flavor wheel is
shown in Figure 2. The subcategories in the outer layer of the flavor
wheel are represented by the specific e-liquid flavors that were used
in literature as examples of main categories (third column, Table 1).
As the categories from our flavor wheel are fully based on flavor
classifications from reviewed articles, they do not by definition rep-

resent each e-liquid flavor available. Therefore, our flavor wheel

E.J.Z. Krisemann et al.

Figure 2. Proposed flavor wheel for classification of e-liquid flavors.The inner layer of the flavor wheel includes 13 main categories that were based on literature
(first column, Table 1). The outer layer of the flavor wheel includes 90 subcategories that were extracted from the articles reviewed (third column, Table 1).
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contains a category for “other flavors” in order to classify flavors
that have not been mentioned in literature.
Figure 2.

Discussion

We reviewed literature to determine which e-liquid flavors and
flavor categories have been used in research. There was large vari-
ation in the naming of main flavor categories, and e-liquid flavors
were not consistently classified within these categories. To clas-
sify the excessive number of e-liquid flavors in a consistent way,
we propose a flavor wheel for e-liquids (Figure 2). Our flavor
wheel includes 13 main categories (inner wheel) and 90 subcat-
egories (outer wheel). The categories from our flavor wheel are
fully based on flavor classifications in literature, from different
countries.

Guideline for Classifying E-Liquid Flavors Using Our
Proposed Flavor Wheel

E-liquids are commonly classified based on marketing descriptions.
Classifying e-cigarette flavors according to marketing involves brand
names and flavor descriptions on packages or in advertisements.
Flavor descriptions are used in promotion and marketing to cre-
ate an association of the e-liquid’s flavor with a particular product
that the consumer knows and preferably likes. Using these market-
ing descriptions for flavor classification requires common rules, as
brand names regularly change and flavor descriptions are sensitive
to interpretation differences. For instance, this review has shown
that researchers have classified a particular flavor in different cat-
egories (eg, vanilla was classified as cream,*** candy,* sweet,* des-
sert/candy,'? or dessert/sweet?’). Furthermore, e-liquids are not only
marketed as single flavor such as strawberry or watermelon, but they
can be associated with multiple flavor attributes. It could be ques-
tioned which of the flavor attributes should be used for classification,
whether an e-liquid flavor can be associated with multiple categories,
and how a distinction could be made between the “primary” fla-
vor and “secondary” flavor attributes. For instance, of an e-liquid
described as raspberry tea, is the primary flavor raspberry (eg, fruit)
or tea? Similarly, if an e-liquid has multiple flavor attributes such as
“a hint of tobacco, banana, rum and custard,” which of these attrib-
utes determines classification?

In order to minimize interpretation differences, to consistently
classify e-liquids and distinguish primary from secondary flavors, we
propose three steps as a guideline to classify e-liquid flavor using our
flavor wheel:

Step 1

Distinguish primary from secondary e-liquid flavors. An e-liquid’s
primary flavor is based on the flavor description that is associated
with a particular product as a whole. If the e-liquid does not de-
scribe a clear product as a whole, the primary flavor is the first flavor
attribute mentioned. If present, other flavor attributes are considered
secondary flavors.

Step 2

Classify an e-liquid’s primary flavor in one of the 13 main categories
as well as in one of the associated subcategories (inner wheel and
outer wheel, respectively).

Step 3
Classify potential secondary flavors only in one of the subcategories
(outer wheel).

The first step is based on the suggestion of Yingst et al.?” that
flavors marketed as and meant to be associated with a particular
product as a whole should be classified as a whole rather than the
separate components of the e-liquid flavor. If an e-liquid’s brand
name or flavor description cannot be associated with a product as
a whole but the description contains a list of equal flavor descrip-
tors instead, the first flavor attribute mentioned is considered the
primary flavor; other flavor descriptors are secondary flavors. Thus,
using previous examples, in e-liquids flavored as “raspberry tea”
or “watermelon combined with kiwi and lemon,” we respectively
consider tea and watermelon as primary flavors, whereas raspberry,
kiwi, and lemon are secondary flavors. Furthermore, vanilla pud-
ding and chocolate brownie are classified as “dessert”, whereas an
e-liquid marketed purely as vanilla or chocolate flavor are classified
as “other sweets.” Similarly, caramel candies such as toffee are clas-
sified as “candy”, whereas e-liquids simply marketed as caramel are
classified as “other sweets.” Even though the flavor might be similar,
we used marketing descriptions of the product as a whole for classi-
fication in order to minimize interpretation differences.

Our proposal is based on the rationale that a secondary fla-
vor such as raspberry in raspberry tea should be included as well,
because it distinguishes raspberry tea from other types of tea and
thus is an important specification of the product. Extra flavors attrib-
utes besides the primary flavor are considered secondary flavors. The
second and third steps suggest how to classify the primary and sec-
ondary flavors, respectively. The e-liquid flavor wheel contains 13
main categories (inner wheel) that are specified with 90 subcatego-
ries (outer wheel). According to the second step, the primary flavor

Table 2. Example of Classifying E-Liquids According to Their Primary and Secondary Flavors Using the Main and Subcategories of Our
Proposed Flavor Wheel Shown in Figure 2. Classification Is Based on E-Liquid Marketing Descriptions

Main category primary

Subcategory primary Secondary flavor? Subcategories secondary

E-liquid Flavor description flavor (inner wheel) flavor (outer wheel) (yes/no) flavor (outer wheel)
1 Raspberry tea Coffee/tea Tea Yes Raspberry
2 Watermelon combined Fruit Watermelon Yes Kiwi, lemon
with kiwi and lemon
3 Strawberry with a hint of Fruit Strawberry Yes Menthol
menthol
4 Chocolate Other sweets Chocolate No -
5 Bubble gum Candy Bubble gum No -

etc.
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should be classified in one of the main categories (inner wheel) and
specified further in one of the associated subcategories (outer wheel),
as the primary flavor is most important. According to the third step,
secondary flavors, if present, should be classified only in one of the
subcategories, as secondary flavors are solely meant for specification
purposes. Examples of classifying primary as well as potential sec-
ondary flavors using marketing descriptions are provided in Table 2.

Following the three steps when applying our flavor wheel allows
classifying e-liquids in a way that most closely represents the flavor
as a whole. The advantage of our flavor wheel over a linear list of fla-
vor categories is that no hierarchy of flavor categories exists, and the
flavor wheel distinguishes main categories in the inner wheel from
subcategories in the outer wheel, and thus primary from, if present,
secondary flavor attributes.

Applications in Research

Our flavor wheel could be applied in multiple research disciplines.
For instance, it might be a guideline in experimental study designs to
select a representative sample of e-liquid flavors from different cat-
egories. In addition, e-liquid sales numbers could reveal information
on popularity of particular flavors or flavor categories, and how de-
mand of these e-liquid flavors persists over time. Using chemical-ana-
lytical research, flavor compositions of e-liquids could be compared.
A large number of e-liquids could be measured using gas chroma-
tography—mass spectrometry to investigate which flavor molecules
are frequently present in e-liquids with particular flavors, and might
thus be responsible for a particular flavor or flavor category from our
flavor wheel. In sensory research on e-liquid flavors, the categories
from the flavor wheel could be used as flavor attributes. E-liquids
could be assessed by a panel of consumers or trained experts based
on the intensity of particular flavor attributes to create a flavor pro-
file. Flavor profiles created by panelists could be compared to e-liquid
marketing descriptions to investigate to what extent consumers iden-
tify primary and potential secondary flavor attributes.

In addition, our flavor wheel can be used in research investigating
liking and disliking of particular e-liquid flavors or flavor categories
among different consumer groups such as smoking adults and non-
smoking youth. For instance, results of the studies included in this
review on flavor liking show that e-cigarette users in general mostly
prefer and/or use tobacco-flavored e-liquids and e-liquids with a
sweet or fruit flavor,356:1227:3435,37.39:434447 Males mostly seem to prefer
tobacco-flavored e-liquids, whereas nontobacco (particularly sweet)
flavors are more popular among females.>**° Comparing adults with
adolescents, sweet flavors are particularly popular among young
e-cigarette users, while nonsweet flavors such as tobacco are more
common among adults.'"'?* Comparing smokers with nonsmok-
ers, (adult) smokers are more interested in trying e-cigarettes with
a tobacco or menthol flavor,*¥#>4648 whereas (younger) nonsmok-
ers are more interested in trying fruit and sweet flavors.*34! These
conclusions show that sweet e-liquids are interesting for research on
flavor liking. However, our review (Table 1) showed that “sweet”-
flavored e-liquids have been inconsistently classified in literature,
which may cause difficulties in data interpretation. Our flavor wheel
provides a guideline to distinguish e-liquids with a dessert, candy,
and beverage flavor from other sweet flavors such as vanilla or choc-
olate. Applying our flavor wheel in research on flavor liking will thus
help to minimize interpretation differences and increase comparabil-
ity of research results. Furthermore, our flavor wheel can be used to
specify liking of main flavor categories into liking of specific e-liquid
flavors (outer wheel) among different consumer groups.

Flavor liking in e-liquids could also be compared to liking and
disliking of food products, as vaping and eating can both be consid-
ered forms of ingestive behavior (ie, the same route of administration
[via nose and mouth] is followed, and the same type of psychological
processes of perception and reward may be triggered). Flavors are
important in both vaping and eating. For instance, children and ado-
lescents have a high preference for sweet tastes and odors,*”* which
might explain why particularly sweet-, dessert-, and candy-flavored
e-cigarettes are popular among youth.>*'217:3641 It would be interest-
ing to further investigate similarities and differences between vaping
and eating in relation to perception and reward.

In addition, our flavor wheel could be compared to flavor classifi-
cations in the food, alcohol, and fragrance industries, for instance to
investigate if availability of e-liquid flavors is related to flavors that
are commonly used in other products. A preliminary comparison
between our e-liquid flavor wheel and the coffee, chocolate, wine,
beer, whiskey, cigar, and fragrance wheels shows similarities and dif-
ferences. For instance, each of the flavor wheels has a fruit category
in their inner wheel.!%202224-2632 Similar to our wheel, categories for
respectively nuts and spices are present in the inner wheels of the
coffee-, cigar-, wine-, and chocolate-flavor wheel.?2?42632 Whereas
tobacco is a main category in our flavor wheel, it is a subcategory of
the brown fruit category of the chocolate wheel,? the dried vegetative
category of the wine aroma wheel,** the plants category of the cigar
flavor wheel,?® and the roasted category of the coffee flavor wheel.?*
The candy, beverages, and dessert categories of our e-liquid wheel
represent products as a whole, which are not recognized in other
flavor wheels; except for the chocolate wheel, which includes subcat-
egories such as cheesecake, butterscotch, toffee, candy “fruit tarts”,
and a type of chocolate cake.? The menthol/mint is a main category
in our e-cigarette flavor wheel, whereas only the wine aroma wheel
has a menthol subcategory.’? The main difference between the e-lig-
uid and food flavor wheels is that our flavor wheel does not contain
a floral category, while each of the other flavor wheels investigated
has a floral category in their inner wheel.!%202224-26:32 Gerikingly, even
though one article used “cheese” as part of their “cream” category,*
none of the articles reviewed used a main category for savory flavors,
while research shows similar liking and reward for both sweet and
savory food products.*® Because our flavor wheel is based on e-liquid
flavors that have been used in research, it does not mean that no
floral or savory flavored e-liquids exist. It would be interesting to
investigate how many e-liquids with a floral or savory flavor are
available, and how liking of these e-liquids relates to liking of savory
and floral-flavored food products.

Our flavor wheel may be also be used for development and ana-
lysis of survey items. For instance, researchers could use the main
and/or subcategories of the flavor wheel as answer options for mul-
tiple choice questions related to e-liquid flavor use and/or prefer-
ences. The flavor categories could also be used to (manually) classify
open-ended responses from consumers to similar survey questions.
In this way, the flavor wheel facilitates communication between
researchers and real-world users, which helps to understand con-
sumer liking and disliking of certain e-liquid flavors.

Applications in Policy

Consistent classification of e-liquid flavors by consumers as well
as researchers will improve data accuracy, minimize interpretation
differences, and increase comparability of research results across
studies. Research results could be used by policy makers for regu-
lation of particular e-liquid flavors or flavor categories from the
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flavor wheel. The classification rules from Yingst et al.?” were based
on the possibility that the same regulations for flavors in cigarettes
would be applied to e-liquids. In cigarettes, characterizing flavors
have been prohibited, which are defined by the European Union as
“flavors other than the one of tobacco” and by the US Food and
Drug Administration as “flavors other than tobacco or menthol.”3>%7
Therefore, Yingst et al.?” aimed to distinguish e-liquids with an exclu-
sive tobacco flavor from e-liquids also having other flavor attributes.
According to their classification rules, e-liquids marketed as “pipe
tobacco with a hint of cherry” would be classified as fruit.

However, as all e-liquids have a flavor, it might be difficult to
compare e-liquids with cigarettes from a regulation point of view.
Furthermore, considering the product as a whole and the first flavor
mentioned, the primary flavor attribute of the example according to
our flavor wheel would be tobacco. According to our proposal, this
e-liquid would be classified in the main “tobacco” category (inner
wheel) with “pipe tobacco™ as subcategory (outer wheel), with an
additional secondary flavor in a “cherry” subcategory (outer wheel).
Our flavor wheel thus allows to distinguish e-liquids with a primary
tobacco flavor from e-liquids marketed as having a primary tobacco
flavor and additional secondary flavors other than tobacco. In this
way, each of the flavor attributes that are used for marketing of e-lig-
uids could be considered for regulation of e-liquid flavors.

Furthermore, (characterizing) flavors in tobacco cigarettes are
prohibited because they increase attractiveness and thereby facilitate
smoking initiation among young people.’®** Flavors in e-cigarettes
are not only attractive to young people, but are also associated with
higher rates of smoking cessation among adults.® Sensory research
using our flavor wheel will provide more insight in liking of e-liquid
flavors and/or flavor categories among these different consumer
groups. Policy makers could use research results to regulate e-liquid
flavors in a way that e-cigarettes are attractive to adult smokers and
unattractive to young nonsmokers.

Future Research

The categories from our flavor wheel should be corroborated to
determine whether the wheel is complete or additional categories
are required. For instance, as categories from our flavor wheel were
mainly based on studies performed in the United States, research on
e-liquid flavors offered by retail Web sites from different countries
might identify new or other flavors that are not covered by our flavor
wheel. Preliminary market observations have revealed the availability
of e-liquid flavors that have not been used in the study design of the
articles reviewed, such as rose and chicken. E-liquids flavored as such
would be classified in the “other flavor” category of our flavor wheel.
Similar to the need for modification of the wine aroma wheel,* future
research might reveal the need to specify the category for “other fla-
vors” into additional categories such as “floral” or “savory”. Future
research should also investigate if our flavor wheel is complete and
not open to misinterpretation by having a panel of consumers clas-
sify a large sample of e-liquid flavor descriptions on the basis of the
proposed flavor wheel. Statistical data on e-liquid classification by the
panel will show if panelists follow the classification steps and apply
the flavor wheel in a consistent, repeatable, and reproducible way.

Conclusions

A large variation in the naming of flavor categories was found in
literature, and e-liquid flavors were not consistently classified. We
propose an e-liquid flavor wheel including three steps for systematic

classification of e-liquids based on their marketing descriptions. The
flavor wheel includes 13 main categories (inner wheel) and 90 sub-
categories (outer wheel) that aim to create a shared flavor vocabu-
lary for a broad range of potential users. Applying the flavor wheel
in research will minimize interpretation differences, increase com-
parability of research results, and support policy makers in develop-
ing rules for regulation of e-liquid flavors.

Supplementary Material

Supplementary information can be found online at http://www.ntr.oxfordjour-
nals.org.

Funding

This work was supported by the Dutch Ministry of Health, Welfare and Sport
(project number 5.7.1).

Declaration of Interests

None declared.

Acknowledgments

The authors wish to thank Rob van Spronsen for his assistance in the develop-
ment of the literature search strategy, and Anne Havermans, Lotte van Nierop,
and Kim Romijnders for their input in the study design and/or critical feed-

back on the manuscript.

References

1. Bertholon JE Becquemin MH, Annesi-Maesano I, Dautzenberg B.
Electronic cigarettes: a short review. Respiration. 2013;86(5):433-438.

2. Zhu SH, Sun JY, Bonnevie E, et al. Four hundred and sixty brands of e-cig-
arettes and counting: implications for product regulation. Tob Control.
2014;23:iii3-9.

3. Goldenson NI, Kirkpatrick MG, Barrington-Trimis JL, et al. Effects of
sweet flavorings and nicotine on the appeal and sensory properties of
e-cigarettes among young adult vapers: application of a novel method-
ology. Drug Alcohol Depend. 2016;168:176-180.

4. Czoli CD, Goniewicz M, Islam T, Kotnowski K, Hammond D. Consumer
preferences for electronic cigarettes: results from a discrete choice experi-
ment. Tob Control. 2016;25(e1):e30-e36.

5. Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, Spyrou A, Voudris
V. Impact of flavour variability on electronic cigarette use experience: an
internet survey. Int | Environ Res Public Health. 2013;10(12):7272-7282.

6. Tackett AP, Lechner WV, Meier E, et al. Biochemically verified smoking
cessation and vaping beliefs among vape store customers. Addiction.
2015;110(5):868-874.

7. Carpenter CM, Wayne GE, Pauly JL, Koh HK, Connolly GN. New cigar-
ette brands with flavors that appeal to youth: tobacco marketing strate-
gies. Health Aff (Millwood). 2005;24(6):1601-1610.

8. Connolly GN. Sweet and spicy flavours: new brands for minorities and
youth. Tob Control. 2004;13(3):211-212.

9. Kreslake JM, Wayne GF, Alpert HR, Koh HK, Connolly GN. Tobacco in-
dustry control of menthol in cigarettes and targeting of adolescents and
young adults. Am | Public Health. 2008;98(9):1685-1692.

10. Lewis M]J, Wackowski O. Dealing with an innovative industry: a look at
flavored cigarettes promoted by mainstream brands. Am J Public Health.
2006;96(2):244-251.

11. Morean ME, Butler ER, Bold KW, et al. Preferring more e-cigarette flavors
is associated with e-cigarette use frequency among adolescents but not
adults. PLoS One. 2018;13(1):c0189015.


http://www.ntr.oxfordjournals.org
http://www.ntr.oxfordjournals.org

Nicotine & Tobacco Research, 2019, Vol. 21, No. 10

1319

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29

30.

31.

32.

33.

34.

35.

36.

Harrell MB, Weaver SR, Loukas A, et al. Flavored e-cigarette use: charac-
terizing youth, young adult, and adult users. Prev Med Rep. 2017;5:33-40.
St Helen G, Dempsey DA, Havel CM, Jacob P 3rd, Benowitz NL. Impact
of e-liquid flavors on nicotine intake and pharmacology of e-cigarettes.
Drug Alcohol Depend. 2017;178:391-398.

Villanti AC, Johnson AL, Ambrose BK, et al. Flavored tobacco product
use in youth and adults: findings from the first wave of the PATH study
(2013-2014). Am ] Prev Med. 2017;53(2):139-151.

Criscitelli K, Avena NM. The neurobiological and behavioral overlaps of
nicotine and food addiction. Prev Med. 2016;92:82-89.

Berridge KC, Robinson TE, Aldridge JW. Dissecting components of reward:
‘liking’, ‘wanting’, and learning. Curr Opin Pharmacol. 2009;9(1):65-73.

. Huang LL, Baker HM, Meernik C, Ranney LM, Richardson A, Goldstein

AO. Impact of non-menthol flavours in tobacco products on perceptions
and use among youth, young adults and adults: a systematic review. Tob
Control. 2017;26(6):709-719.

Noble AC, Arnold RA, Masuda BM, Pecore SD, Schmidt JO, Stern PM.
Progress towards a standardized system of wine aroma terminology. Am |
Enol Viticult. 1984;35:107-109.

Lee KYM, Paterson A, Piggott JR. Origins of flavour in whiskies and a
revised flavour wheel: a review. ] Inst Brew. 2001;107(5):287-313.
Meilgaard MC, Dalgliesh CE, Clapperton JF. Beer Flavour Terminology.
J Inst Brew. 1979;85(1):38-42.

Aparicio R, Morales MT, Alonso MV. Relationship between volatile com-
pounds and sensory attributes of olive oils by the sensory wheel. ] Am Oil
Chem Soc. 1996;73(10):1253-1264.

Blommer Chocolate Company. Wheel of Flavor. 2009. http://www.
blommer.com/_documents/flavor-wheel-chocolate-copyright-2009.pdf.
Accessed September 8,2017.

Drake MA, Mclngvale SC, Gerard PD, Cadwallader KR, Civille GV.
Development of a descriptive language for Cheddar cheese. | Food Sci.
2001;66(9):1422-1427.

Specialty Coffee Association of America (SCAA) and World Coffee Research
Sensory Lexicon (WCR). Coffee Taster’s Flavor Wheel. 2016. http://www.
scaa.org/?page=resources&d=scaa-flavor-wheel. Accessed September 8,2017.
Edwards M. Fragrances of the World—The Fragrance Wheel. 1992. http://
www.fragrancesoftheworld.com/FragranceWheel. Accessed September 8,
2017.

Cigar Inspector, Cigar Flavors Wheel. 2013. http://www.cigarinspector.
com/cigars-101/cigar-flavor-components. Accessed September 8, 2017.
Yingst JM, Veldheer S, Hammett E, Hrabovsky S, Foulds J. A method for
classifying user-reported electronic cigarette liquid flavors. Nicotine Tob
Res. 2017;19(11):1381-1385.

VonVille H. Excel Workbook to Calculate Coben’s kappa for Screener
Inter-rater Reliability. 2015. Houston: University of Texas School of
Public Health Library.

. McHugh ML. Interrater reliability: the kappa statistic. Biochem Med

(Zagreb). 2012;22(3):276-282.

VonVille H. Excel Workbook for Screening Titles and Abstracts. 2015.
Houston: University of Texas School of Public Health Library.

VonVille H. PRIMARY Excel workbook for Systematic Reviews. 2015.
Houston: University of Texas School of Public Health Library.

Noble AC, Arnold RA, Buechsenstein J, Leach EJ, Schmidt JO, Stern PM.
Modification of a standardized system of wine aroma technology. Am |
Enol Viticult. 1987;38(2):143-146.

Vasiljevic M, Petrescu DC, Marteau TM. Impact of advertisements promot-
ing candy-like flavoured e-cigarettes on appeal of tobacco smoking among
children: an experimental study. Tob Control. 2016;25(e2):e107-e112.
Berg CJ. Preferred flavors and reasons for e-cigarette use and discontin-
ued use among never, current, and former smokers. Int | Public Health.
2016;61(2):225-236.

Dawkins L, Turner J, Roberts A, Soar K. ‘Vaping’ profiles and pref-
erences: an online survey of electronic cigarette users. Addiction.
2013;108(6):1115-1125.

Pepper JK, Ribisl KM, Brewer N'T. Adolescents’ interest in trying flavoured
e-cigarettes. Tob Control. 2016;25:1i62-ii66.

37.

38

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

S6.

57.

58.

59.

Shiplo S, Czoli CD, Hammond D. E-cigarette use in Canada: prevalence
and patterns of use in a regulated market. BMJ Open. 2015;5(8):e007971.

. Audrain-McGovern J, Strasser AA, Wileyto EP. The impact of flavoring on

the rewarding and reinforcing value of e-cigarettes with nicotine among
young adult smokers. Drug Alcobhol Depend. 2016;166:263-267.

Chen Z, Zeng DD. Mining online e-liquid reviews for opinion polarities
about e-liquid features. BMC Public Health. 2017;17(1):633.

Cooper M, Harrell MB, Pérez A, Delk J, Perry CL. Flavorings and per-
ceived harm and addictiveness of E-cigarettes among youth. Tob Regul Sci.
2016;2(3):278-289.

Ford A, MacKintosh AM, Bauld L, Moodie C, Hastings G. Adolescents’
responses to the promotion and flavouring of e-cigarettes. Int | Public
Health. 2016;61(2):215-224.

Litt MD, Duffy V, Oncken C. Cigarette smoking and electronic cigarette
vaping patterns as a function of e-cigarette flavourings. Tob Control.
2016;25:1167-1i72.

Soule EK, Lopez AA, Guy MC, Cobb CO. Reasons for using flavored
liquids among electronic cigarette users: a concept mapping study. Drug
Alcohol Depend. 2016;166:168-176.

Wang L, Zhan Y, Li Q, Zeng DD, Leischow SJ, Okamoto J. An exam-
ination of electronic cigarette content on social media: analysis of
E-cigarette flavor Content on Reddit. Int | Environ Res Public Health.
2015;12(11):14916-14935.

Yingst JM, Veldheer S, Hrabovsky S, Nichols TT, Wilson SJ, Foulds J.
Factors associated with electronic cigarette users’ device preferences and
transition from first generation to advanced generation devices. Nicotine
Tob Res. 2015;17(10):1242-1246.

Shiffman S, Sembower MA, Pillitteri JL, Gerlach KK, Gitchell JG. The im-
pact of flavor descriptors on nonsmoking teens’ and adult smokers’ interest
in electronic cigarettes. Nicotine Tob Res. 2015;17(10):1255-1262.

Kim H, Lim J, Buehler SS, et al. Role of sweet and other flavours in liking
and disliking of electronic cigarettes. Tob Control. 2016;25:ii55-ii61.
Krishnan-Sarin S, Morean ME, Camenga DR, Cavallo DA, Kong G.
E-cigarette use among high school and middle school adolescents in
Connecticut. Nicotine Tob Res. 2015;17(7):810-818.

Oncken CA, Litt MD, McLaughlin LD, Burki NA. Nicotine concentrations
with electronic cigarette use: effects of sex and flavor. Nicotine Tob Res.
2015;17(4):473-478.

Pifieiro B, Correa JB, Simmons VN, et al. Gender differences in use and expec-
tancies of e-cigarettes: online survey results. Addict Behav. 2016;52:91-97.
Rosbrook K, Green BG. Sensory Effects of menthol and nicotine in an
E-cigarette. Nicotine Tob Res. 2016;18(7):1588-1595.

The Senate and House of Representatives of the United States of America
in Congress. Public Law 111-31: Family Smoking Prevention and Tobacco
Control and Federal Retirement Reform.2009,111th Congress. p. 1776-1858.
Kamatou GP, Vermaak I, Viljoen AM, Lawrence BM. Menthol: a simple
monoterpene with remarkable biological properties. Phytochemistry.
2013;96:15-25.

Chu KH, Unger JB, Cruz TB, Soto DW. Electronic cigarettes on Twitter -
spreading the appeal of flavors. Tob Regul Sci. 2015;1(1):36-41.
Hoffman AC, Salgado RV, Dresler C, Faller RW, Bartlett C. Flavour prefer-
ences in youth versus adults: a review. Tob Control. 2016;25:ii32-ii39.
Finlayson G, Bordes I, Griffioen-Roose S, de Graaf C, Blundell JE.
Susceptibility to overeating affects the impact of savory or sweet drinks
on satiation, reward, and food intake in nonobese women. | Nutr.
2012;142(1):125-130.

The European Parliament and The Council of the European Union. Directive
2014/40/EU on the approximation of the laws, regulations and adminis-
trative provisions of the Member States concerning the manufacture, pres-
entation and sale of tobacco and related products and repealing Directive
2001/37/EC. 2014, Official Journal of the European Union. p. 1-127.
Feirman SP, Lock D, Cohen JE, Holtgrave DR, Li T. Flavored tobacco
products in the United States: a systematic review assessing use and atti-
tudes. Nicotine Tob Res. 2016;18(5):739-749.

SCENIHR. Addictiveness and Attractiveness of Tobacco Additives.
Brussels, Belgium: European Union; 2010.


http://www.blommer.com/_documents/flavor-wheel-chocolate-copyright-2009.pdf
http://www.blommer.com/_documents/flavor-wheel-chocolate-copyright-2009.pdf
http://www.scaa.org/?page=resources%26d=scaa-flavor-wheel
http://www.scaa.org/?page=resources%26d=scaa-flavor-wheel
http://www.fragrancesoftheworld.com/FragranceWheel
http://www.fragrancesoftheworld.com/FragranceWheel
http://www.cigarinspector.com/cigars-101/cigar-flavor-components
http://www.cigarinspector.com/cigars-101/cigar-flavor-components

