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AbsTrACT
Objectives Flavours increase attractiveness of 
electronic cigarettes and stimulate use among vulnerable 
groups such as non- smoking adolescents. It is important 
for regulators to monitor the market to gain insight 
in, and regulate the range of e- liquid flavours that is 
available to consumers. E- liquid manufacturers are 
required to report key product information to authorities 
in the European Member States in which they plan to 
market their products. This information was used to 
provide an overview of e- liquid flavour descriptions 
marketed in the Netherlands in 2017.
Methods Two researchers classified 19 266 e- liquids 
into the 16 main categories of the e- liquid flavour wheel, 
based on information from four variables in the European 
Common Entry Gate system. Flavour descriptions were 
further specified in subcategories.
results For 16 300 e- liquids (85%), sufficient 
information was available for classification. The 
categories containing the highest number of e- liquids 
were fruit (34%), tobacco (16%) and dessert (10%). 
For all e- liquids, excluding unflavoured ones, 245 
subcategories were defined within the main categories. 
In addition to previously reported subcategories, various 
miscellaneous flavours such as sandwich, buttermilk and 
lavender were identified.
Conclusions In 2017, ~20 000 e- liquids were reported 
to be marketed in the Netherlands, in 245 unique flavour 
descriptions. The variety of marketed flavour descriptions 
reflects flavour preference of e- cigarette users as 
described in literature. Our systematic classification 
of e- liquids by flavour description provides a tool for 
organising the huge variety in market supply, serves 
as an example for other countries to generate similar 
overviews and can support regulators in developing 
flavour regulations.

InTrOduCTIOn
The use of electronic cigarettes (e- cigarettes) 
has risen significantly over the recent years.1 2 
Although e- cigarettes may provide a successful tool 
in smoking cessation,3 concerns have been raised 
about initiation of e- cigarette use among young 
non- smokers.4 An important factor in the high 
appeal of e- cigarettes to adolescents is the avail-
ability of a wide variety of e- liquid flavours.5 6 Espe-
cially sweet and fruity flavours are appreciated by 
young users.5 7–9 Not surprisingly, flavour descrip-
tions play an important role in (online) e- cigarette 
promotion.10–12 In line with this, research showed 
that flavour- related advertisements are appealing to 

youth, and trigger increased interest in, purchasing 
and use of e- cigarettes.13–15 Unfortunately, it is 
difficult to monitor and control the purchase and 
use of e- cigarettes and e- liquids by young people, 
as these products are widely and readily available 
through tobacconists, vape shops and particularly 
the internet.16

This raises concerns, as e- cigarette emissions 
may contain toxic chemicals that can be harmful to 
health.17 In addition, a large proportion of available 
e- liquids contain the highly addictive compound 
nicotine. Teenagers and young adults are especially 
susceptible to develop addiction to nicotine, due to 
their ongoing brain maturation.18 Because the vast 
range of flavoured e- liquids is attractive to vulner-
able consumer groups (eg, adolescents and young 
adults), there is a clear need for regulation. Regula-
tion of and research on e- liquid flavours can focus 
on consumer flavour perception (sensory science), 
flavouring ingredients that compose a perceived 
flavour (chemical analysis), and flavour descriptions 
that are used for marketing purposes. For example, 
current European and US regulations prohibit ciga-
rettes and roll- your- own tobacco with a character-
ising flavour,19 20 which is monitored by a sensory 
panel of trained experts.21 22 Recently, more and 
more countries also announced regulatory actions 
regarding e- cigarette flavours. For example, the 
US Food and Drug Administration (FDA) has 
announced regulation to limit sales of e- cigarettes 
to minors23 and to ban all e- cigarette flavours other 
than tobacco.24 With the current study, we aim to 
support policymakers in regulating the marketing 
and promotion of e- liquids with flavour descrip-
tions that may increase product interest and appeal.

In order to develop such regulation regarding the 
promotion of flavoured e- liquids, it is important 
to monitor the market as to obtain a better under-
standing of the full range of products and flavours 
that are advertised to consumers. However, surveil-
lance of the (online) e- cigarette marketplace can be 
challenging due to its rapidly changing and increas-
ingly diverse character.25 In addition, current esti-
mations of available e- liquid flavours often rely on 
survey data5 7 26–28 rather than a complete census 
of products available on the market. Thus, at this 
moment, a complete overview of the supply of 
e- liquid flavour descriptions in any market world-
wide is lacking.

However, according to the European Tobacco 
Product Directive,19 e- cigarette and e- liquid manu-
facturers are required to provide key product 
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information on the branding and composition of their products 
to authorities of the European Member States in which they plan 
to place their product on the market. This information provides 
a unique opportunity to establish an overview of the e- cigarette 
market in a particular European Member State. Here, we used 
e- liquid brand names and other flavour- related information as 
framed by the industry, which we refer to as ‘flavour descrip-
tions’ in this article (by others potentially colloquially referred 
to as ‘flavour names’). This means that we did not obtain sensory 
nor chemical data about (the perception or composition of) 
e- liquid flavours. Hence, this paper presents a comprehensive 
overview of flavour descriptions of e- liquids reported by manu-
facturers to be marketed in the Netherlands in 2017.

MeThOds
data collection and preparation
Flavour- related information about all products in the Dutch 
section of the European Common Entry Gate (EU- CEG) system29 
was extracted on 30 November 2017. Only information from 
the category ‘refillable e- liquids and cartridges’ (not ‘devices’ or 
‘individual parts’) was selected for this study. When there were 
multiple presentations of the same product (eg, one e- liquid 
marketed in different packages), one presentation was randomly 
selected. This was the case for 3922 products. Eight products 
were excluded due to incomplete information. E- liquids with the 
same flavour description, but different nicotine concentrations 
were considered different products and therefore separately 
included. The final dataset consisted of 19 266 products.

There is no required field in the EU- CEG system29 to describe 
a product’s flavour. However, information about a product’s 
flavour can often be inferred from its brand name. In addition, 
some manufacturers provided a description of their product’s 
flavour in the fields ‘Product Identification’ and/or ‘General 
Comment’, which can be used optionally to provide additional 
product information. For our analyses, we therefore retrieved 
and combined all relevant flavour- related information from 
the following fields in the EU- CEG system: ‘Brand Name’, 
‘Brand Subtype Name’, ‘Product Identification’ and ‘General 
Comment’. For example, all flavour- related information 
obtained from one (fictional) e- liquid could be ‘Dancer—Purple 
Blue Berry—12 mg/mL’. This information was used for classifi-
cation of e- liquids using the recently published e- liquid flavour 
wheel.30 Thus, the flavour- related information that we retrieved 
from EU- CEG (brand names, information from other fields, or 
both) was reported by manufacturers to describe their prod-
uct’s flavour, and was recoded by us to a flavour description 
following a standardised approach (ie, classification according 
to the flavour wheel).

In case insufficient flavour- related information was available 
in the database to directly classify an e- liquid (n=7116; 37% 
of total sample), a standardised internet search was conducted 
( www. google. com): input for the search was all flavour- related 
information of the e- liquid of interest plus the term ‘e- liquid’. 
Resulting websites were consulted in consecutive order until a 
flavour description was found. E- liquids that were not found 
on the Internet (n=1680; 9% of total sample) were considered 
‘unclassifiable’. When the information from the EU- CEG system 
was too general to identify a specific e- liquid using the internet 
search (eg, only referring to a brand or product range), the 
product was also considered unclassifiable.

In order to establish interrater reliability, two research assis-
tants first independently classified a random sample of 166 
e- liquids. The Cohen’s Kappa R, calculated using R statistical 

software V.3.4.3, reached 0.86, which is considered a strong 
level of agreement.31 Next, the same two research assistants each 
classified half of the total set of e- liquids. Finally, two of the 
authors checked the complete set for inconsistencies.

Flavour classification
e- Liquids were classified in a consistent manner according to the 
e- liquid flavour wheel.30 The flavour wheel consists of an inner 
wheel with 16 main categories: tobacco, menthol/mint, nuts, 
spices, coffee/tea, alcohol, other beverages, fruit- berries, fruit- 
citrus, fruit- tropical, fruit- other, dessert, candy, other sweets, 
other flavours and unflavoured. In the outer wheel, the main 
categories are further specified using subcategories. Because the 
subcategories of the published flavour wheel are not all encom-
passing, flavour descriptions that did not match the existing 
subcategories were regarded new subcategories. A detailed 
description of the classification approach can be found in the 
online supplementary materials.

data analyses
The classified set of 19 266 products was analysed in R statistical 
software V.3.4.3. For each of the 16 main flavour categories, 
the following values were determined: the number of unique 
subcategories; the number of products (within each main and 
subcategory); the number of products with a secondary flavour 
description; the number of unique secondary flavour descrip-
tions; and the average number of secondary flavour descriptions 
(within each main and subcategory).

Finally, the nicotine concentrations as declared by the industry 
were analysed. E- liquids with a package unit other than one and 
a volume other than 10 mL were excluded from this analysis 
(n=2427), because declared nicotine values of these products 
could not be related to a unit. E- liquids with unusual nicotine 
values that could not be related to a common nicotine unit 
(n=359) or without data on their nicotine concentration at all 
(n=1343) were excluded. This resulted in a total set of 12 551 
e- liquids for nicotine analysis. These e- liquids were divided 
into five groups according to their declared nicotine values, to 
represent the most common nicotine concentrations available 
on the Dutch market (0, 3, 6, 12 and 18 mg/mL). Most e- liq-
uids contained a nicotine value that exactly matched these 
concentrations. Some values slightly deviated, therefore the 
following ranges were maintained: 0 mg/mL (n=381), 3 mg/mL 
(range >0 and <4.5; n=2836), 6 mg/mL (range ≥4.5 and <9; 
n=3702), 12 mg/mL (range ≥9 and <15; n=3229) and 18 mg/
mL (range ≥15 and <20; n=2403).

resulTs
Primary flavour descriptors
A total of 19 266 e- liquids were submitted to the Dutch EU- CEG 
system on 30 November 2017. For 16 300 (85%) e- liquids, suffi-
cient flavour- related information was available for classification 
of the product into one of the 16 main categories of the e- liquid 
flavour wheel.30 Figure 1 shows the percentage of e- liquids clas-
sified within each of the main categories (ie, reflecting a prod-
uct’s general flavour description). The categories containing the 
highest number of e- liquids were tobacco (n=2667, 16%), fruit- 
other (n=2506, 15%), fruit- berries (n=2164, 13%) and dessert 
(n=1710, 10%). Overall, 34% of the e- liquids were classified in 
one of the fruit categories (ie, berries, citrus, tropical and other 
fruit). The smallest category was other flavours (n=169, 1%), 
followed by spices (n=176, 1%), nuts (n=179, 1%) and unfla-
voured (n=266, 2%).
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Figure 1 Distribution of the main flavour categories representing e- liquid availability on the Dutch market. Classification was based on brand 
names and flavour- related information as reported by manufacturers. Sequence and colours of the categories are based on the e- liquid flavour 
wheel.30

Figure 2 Distribution of subcategories (ie, specific e- liquid flavours) within each of the main flavour categories of the e- liquid flavour wheel.30 
Classification was based on brand names and flavour- related information as reported by manufacturers. The subcategories containing <1% of the 
e- liquids within that main category were combined into a ‘rest’ subcategory.

For each main category, except for unflavoured, multiple 
subcategories (ie, specific flavour descriptions) were defined, 
ranging from 4 (spices) to 46 (dessert). Overall, 245 unique 
subcategories were distinguished. Figure 2 shows the percentage 
of e- liquids within each subcategory, for each of the 16 main 
categories separately. All subcategories, as well as the number of 
e- liquids within each subcategory are reported in online supple-
mentary table S1.

‘Other flavours’ category
A total of 169 e- liquids were classified as other flavours, meaning 
that their primary flavour descriptor (based on brand name and 

flavour- related information from manufacturers) could not be 
classified into one of the other 15 main categories of the flavour 
wheel. Based on the products’ flavour- related information, 16 
subcategories were identified within the other flavours cate-
gory. These subcategories were related to various flower and 
plant- related flavours (flowers, cherry blossom, roses, violet, 
lavender, hibiscus, honeysuckle, verbena, woodruff); vegeta-
bles (cucumber, rhubarb, fennel); bread- related flavours (bread, 
sandwich); and jam and cannabis.
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Figure 3 Nicotine concentrations within each of the main categories of the e- liquid flavour wheel.30 Nicotine values reported by manufacturers in 
the EU- CEG system were categorised into five groups representing the most common nicotine concentrations available on the Dutch market. EU- CEG, 
European Common Entry Gate.

secondary flavour descriptors
For 5676 e- liquids (29%), one or more secondary flavour 
descriptors could be distinguished (based on brand name and 
flavour- related information). Of the e- liquids containing at 
least one secondary flavour descriptors, the average number of 
secondary flavour descriptors was 1.6. The number of products 
containing secondary flavour descriptors was highest within the 
dessert category (66%) and lowest within the menthol/mint cate-
gory (17%).

nicotine concentrations
Nicotine concentrations ranged from 0 to 20 mg/mL, which is 
the current legal maximum in the EU. Of the 12 551 e- liquids 
that were included in the nicotine analysis, only 3% was reported 
to be nicotine- free (0 mg/mL). The percentage of e- liquids with 
high nicotine concentrations (18 mg/mL) was highest within the 
unflavoured category (40%). Distribution of nicotine concentra-
tions per main flavour category is visualised in figure 3.

dIsCussIOn
This study presents a comprehensive overview of flavour 
descriptions of e- liquids reported to be marketed in the Nether-
lands in 2017. Using brand names and flavour- related informa-
tion provided by manufacturers through the EU- CEG system,29 
e- liquids were classified into the main and subcategories of the 
e- liquid flavour wheel.30 We found that ~20 000 e- liquids were 
reported, having 245 unique flavour descriptions. Approximately 
one- third of the e- liquids was classified as having a fruit flavour 
(berries, citrus, tropical or other fruits). Subsequently, the largest 
categories were tobacco, dessert and menthol/mint. In line with 
this, literature shows that fruit and sweet flavours are the most 
commonly used flavours among both young and adult e- cigarette 
users.5 7 9 27 32 Furthermore, adults who completely substituted the 

use of conventional cigarettes by e- cigarettes have often initiated 
e- cigarette use with fruity flavours rather than tobacco flavours, 
or switched from tobacco to non- tobacco e- liquid flavours over 
time.7 28 On the other hand, dual users (using e- cigarettes as well 
as combustible tobacco) most commonly use tobacco- flavoured 
e- liquids,7 9 27 which is the second largest flavour category in 
the Netherlands based on the results of our current study. The 
flavour descriptions by which e- liquids are marketed, based on 
brand names and flavour- related information from manufac-
turers, thus seem to match flavour preferences as described in 
literature.

Primary flavour descriptors
Overall, at least 56% of the e- liquids was classified in a cate-
gory that represents a sweet flavour (ie, the ones classified as 
other beverages, fruit, dessert, candy or other sweets). This large 
number of e- liquids marketed as sweet may be a response to 
sweet taste being the most preferred taste by all age groups.33 
Surprisingly, while umami, or savoury, is typically also a popular 
taste in foods (eg, broth, cooked meat, fish and vegetables), not 
many e- liquids with a flavour description related to savoury 
food products exist. It would be interesting for future research 
to investigate why the market for savoury e- liquid flavours seems 
to be limited.

Within the main flavour categories, multiple subcategories 
were defined (245 in total, ranging from 4 to 46 per main cate-
gory). However, regardless of the total number of subcatego-
ries within a particular main category, only four subcategories 
per main category were needed to classify roughly half of the 
e- liquids (figure 2). For example, while the alcohol category 
contained 23 unique subcategories, more than half of all e- liq-
uids in the alcohol main category were classified in the four 
largest subcategories: piña colada, rum, mojito and bourbon. 
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Similarly, while the dessert category contained 46 subcategories, 
almost half of all e- liquids in the dessert category were classified 
in the following 4 subcategories: cake, cookie, cream, custard. 
This shows that the main categories were dominated by only a 
few subcategories.

nicotine concentrations
In the Netherlands, e- liquids are sold in nicotine concentrations 
ranging from 0 to 20 mg/mL. The percentage of e- liquids with 
a high nicotine concentration (ie, category of 18 mg/mL) was 
relatively high in the unflavoured category, as compared with 
the other main categories of the flavour wheel. A reason for 
this may be that unflavoured e- liquids, some of them marketed 
as ‘nicotine booster’, are mainly purchased to add nicotine to 
hand- made e- liquid mixes. Finally, only 3% of the e- liquids were 
marketed as nicotine- free (0 mg/mL). However, we excluded 
e- liquids without any data on their nicotine concentration, while 
manufacturers of nicotine- free e- liquids may purposely not have 
submitted nicotine- related information for these e- liquids. Also, 
in the Netherlands, nicotine- free e- liquids were not required to 
be registered in the EU- CEG system at the time of this study.34 
Therefore, our results may provide an underestimation of the 
actual number of nicotine- free e- liquids on the Dutch market.

limitations
For this study, we used flavour- related information retrieved 
from a set of variables in the EU- CEG system (ie, ‘Brand Name’, 
‘Brand Subtype Name’, ‘Product Identification’ and ‘General 
Comment’).29 This information was submitted by manufacturers, 
and does not necessarily represent the flavour as perceived by 
consumers or the flavour descriptions used for marketing on web 
shops. Because of limited or unspecific flavour- related informa-
tion from EU- CEG, classification of approximately one- third of 
the e- liquids required an internet search, and eventually, 15% of 
the e- liquids could not be classified in any of the flavour wheel 
categories. Some of these products may have been removed from 
the market in the period between data extraction and the time 
of data analysis. Accordingly, it should be noted that informa-
tion retrieved from the EU- CEG system represents a snapshot 
of the market on a single day. In addition, as products should be 
notified in the EU- CEG system at least 6 months prior to being 
placed on the market, it is possible that some products submitted 
to the EU- CEG system were not actually on the market at the 
time of data extraction.

Importantly, as information in the EU- CEG is provided by the 
e- cigarette industry, without the aim of sustaining research, it 
should be treated with appropriate caution. In order to verify 
and support conclusions based on EU- CEG data, independent 
market research may be conducted. After all, strict surveillance 
of submitted industry data is needed to ensure an accurate dataset 
for future use. A more elaborate discussion on the limitations 
(and strengths) of the data source and approach to flavour clas-
sification can be found in the online supplementary materials.

Policy recommendations
The fact that e- liquids are marketed with such a large variety 
of—especially sweet—flavour descriptions is highly concerning 
in the light of previous research demonstrating the great appeal 
of such flavours to youth, and therefore underlines a signifi-
cant need for regulation. That is, in order to reduce e- cigarette 
appeal for adolescents and young adults, the abundant land-
scape of flavours in which e- liquids are promoted should be 
restricted. This can be achieved, for instance, by only allowing 
e- liquid flavours to be described as one of the 16 general terms 

that make up the main categories of the flavour wheel (inner 
wheel). Regulating e- liquid flavour names to the actual 16 cate-
gories also prevents the marketing of products with extraordi-
nary names that may be particularly appealing to youth, such 
as unicorn- themed names.32 Taking potential flavour regulation 
a step further, specific flavour categories that are proven to be 
particularly attractive to vulnerable user groups (ie, non- smokers 
and youth), such as candy and dessert flavours, could be banned 
completely. Such forms of regulation mostly target the way 
e- liquids are marketed, and not the actual perceived flavour or 
composition of the products, which will make enforcement more 
feasible. However, the potential negative effect of implementing 
such rules on smokers aiming to switch towards exclusive e- ciga-
rette use and thereby quit smoking should be considered as well.

COnClusIOns
This study was the first to use industry data to classify marketed 
e- liquids by flavour descriptions using brand names and flavour- 
related information. We showed that, in 2017, the Dutch market 
comprised ~20 000 e- liquids in 245 unique flavour descrip-
tions. One- third of the (classifiable) e- liquids was marketed as 
having a fruit flavour, and over half of the e- liquids as having any 
type of sweet flavour. The marketed variety of e- liquid flavour 
descriptions as identified in this study reflects flavour prefer-
ences of e- cigarette users as described in previous literature. 
Our approach can serve as an example for other countries to 
generate a similar overview. This is especially relevant for Euro-
pean Member States as they have the opportunity to retrieve a 
similar dataset from the EU- CEG system. This allows comparing 
the landscape of advertised e- liquid flavour descriptions between 
local markets. Furthermore, our systematic classification of e- liq-
uids by flavour description provides structure in the huge variety 
in market supply, and can serve as a tool for policymakers in 
developing rules for e- liquid flavour regulation.

What this paper adds

What is already known on this subject
 ► A main reason for the high appeal of e- cigarettes to young 
people is the availability of a wide variety of, especially 
sweet, e- liquid flavours. Since e- liquids are widely and readily 
available to young people, and may be harmful to health, 
there is a clear need for flavour regulation.

What important gaps in knowledge exist on this topic
 ► At this time, regulators do not have a complete overview of 
available e- liquids and flavour descriptions on their regional 
markets. This information is needed in order to monitor, and 
potentially regulate, the increasingly large and diversifying 
e- cigarette market.

What this paper adds
 ► This study was the first to use industry data to classify 
marketed e- liquids into the categories of the e- liquid flavour 
wheel using flavour- related information from manufacturers. 
Classifying e- liquids by flavour description helps to focus 
regulation on flavour categories that are for example most 
attractive to specific consumer groups and/or particularly 
contain toxic flavourings. Our approach can serve as an 
example for other regional markets to perform similar 
analyses.
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