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ABSTRACT 

Aims 

To estimate associations between e-cigarette flavour and smoking cessation and study 

product use at 6 months or longer.  

Methods 

Secondary analysis of data from a living systematic review, with meta-analyses and narrative 

synthesis, incorporating data up to Jan 2022.   Included studies provided people who 

smoked combustible cigarettes with nicotine e-cigarettes for the purpose of smoking 

cessation, compared with no treatment or other stop smoking interventions.  

Measurements included smoking cessation and study product use at 6 months or longer 

reported as risk ratios (RR) with 95% confidence intervals (CI); flavour use at any time 

points. 

Results 

We included 16 studies (n=10,336); 14 contributed to subgroup analyses and 10 provided 

participants with a choice of e-cigarette flavour. We judged nine, five and two studies at 

high, low, and unclear risk of bias, respectively. Subgroup analyses showed no clear 

associations between flavour and cessation or product use. In all but one analysis tests for 

subgroup differences resulted in I2 values between 0% and 35%. In the comparison between 

nicotine e-cigarettes and nicotine replacement therapy (NRT) (I2=65.2% for subgroup 

differences), studies offering tobacco flavour e-cigarettes showed evidence of a greater 

proportion of participants still using at six-months or longer (RR=3.81; 95% CI=1.45 to 10.05; 

3 studies; n=1181; I2=84%), whereas there was little evidence for greater 6-month use when 

 13600443, ja, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/add.16091 by U

niversity O
f E

ast A
nglia, W

iley O
nline L

ibrary on [28/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



 

 
This article is protected by copyright. All rights reserved. 

studies offered a choice of flavours (RR=1.44; 95% CI=0.80 to 2.56; 2 studies; n=454; 

I2=82%). However, substantial statistical heterogeneity within subgroups makes 

interpretation of this result unclear. In the 10 studies where participants had a choice of 

flavours and this was tracked over time some switching between flavours occurred, but 

there were no clear patterns in flavour preferences. 

Conclusions 

There does not appear to be a clear association between e-cigarette flavours and smoking 

cessation or longer-term e-cigarette use, possibly due to a paucity of data. There is evidence 

that people using e-cigarettes to quit smoking switch between e-cigarette flavours.  

 

BACKGROUND 

E-cigarettes (EC) are a relatively new and popular approach to quitting smoking. The most 
recent update of our Cochrane living systematic review of ‘Electronic cigarettes for smoking 
cessation’ shows moderate certainty evidence that more people successfully quit smoking 
using nicotine EC than using nicotine replacement therapy (NRT) or non-nicotine EC.(1) EC 
are available in a variety of flavours that can be matched to either a person’s favoured 
cigarette type, i.e. tobacco or menthol, or something completely different, such as fruits, 
candies or desserts. There are ongoing policy debates about restricting flavour options, 
particularly as a mechanism to prevent youth vaping. While population surveys have 
attempted to examine whether EC flavours affect smoking cessation,(2-4) there is very little 
evidence available on how EC flavours influence quitting in clinical trials, and this is not 
currently addressed in our Cochrane review.  

There are many reasons to think that flavour might impact the effects of ECs for quitting 
smoking. Using a flavour that matches a user’s flavour of combustible cigarettes could 
hypothetically boost the likelihood of successful quitting if the people using them are less 
likely to miss their combustible cigarettes and thus less likely to relapse. However, there is 
also the possibility that using an EC flavour different to a person’s usual cigarettes could 
both increase the novelty and desirability of the product, and also reinforce the established 
addiction less than flavours associated with cigarettes, thereby reducing cigarette 
dependence. A systematic review, including any type of study that analysed differences 
between EC flavours published between 2007 and August 2020, found evidence that people 
who smoked combustible cigarettes and used non-tobacco flavoured e-liquids were more 
likely to have reduced or quit smoking than those using tobacco or unflavoured e-liquids.(5) 
Simply having a choice of flavour options to switch between could also make EC a more 
desirable quitting aid, able to meet a person’s changing preferences throughout their quit 
attempt. The previously mentioned systematic review found that EC users valued the ability 
to switch between flavours and it was one of the main reasons given for EC use; following 
health and smoking cessation.(5) A UK cross-sectional survey found that people typically 
started out using tobacco-flavoured e-cigarettes and transferred to sweet or food-flavoured 
products.(6) 

However, the potential benefits of a range of flavour options for smoking cessation must be 
balanced against concerns that the availability of flavours, such as fruits, candies and 
desserts, make EC more desirable to people who have never smoked, especially young 
people, and that this will result in more people using EC recreationally as opposed to as a 
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quitting aid. A recent review provides some evidence that people under the age of 18 years 
do enjoy flavoured EC products and have a preference for fruit and other sweet flavours.(7) 
This has led to bans, or considerations of bans, on the sale of particular EC flavours in some 
jurisdictions.(8) Another important consideration is that the use of flavoured, as opposed to 
unflavoured EC products may increase the length of time that people continue to use EC 
after making a smoking quit attempt. This could have positive implications if longer-term EC 
use reduces the risk of relapse to smoking combustible cigarettes, but could also be a cause 
for concern if long term use leads to health harms.   

As part of the ongoing discussions feeding into policy decisions, here we investigate 
whether EC flavours are associated with tobacco smoking quit success or longer-term use of 
EC in adults, when provided as stop smoking aids in intervention studies of EC for smoking 
cessation that meet the eligibility criteria for our Cochrane review.(1) Our objectives were as 
follows:  

1) To investigate whether the effectiveness of using nicotine EC to stop smoking in 
comparison to smoking cessation pharmacotherapies, non-nicotine EC, behavioural 
support only or no support is associated with flavour of EC used;  

2) To investigate whether the long-term (6+ months) use of study product is associated 
with flavour of nicotine EC used. 

 

METHODS 

Searches, screening, and data extraction 

This analysis builds on our living systematic review of EC for smoking cessation; therefore, 
more information on search methods, eligibility criteria, and data extraction is available in 
that review, as well as in the supplementary material.(1) Our methods for these particular 
analyses were pre-registered on Open Science Framework (https://osf.io/HPBYW/). Briefly, 
we include randomized controlled trials (RCTs) or randomized cross‐over trials, in which 
people who smoke combustible cigarettes are randomized to EC or any control condition. In 
addition, we also include uncontrolled intervention studies in which all participants receive 
an EC intervention; although these studies are not included in our meta-analyses. All studies 
must report abstinence from cigarettes at six months or longer, data on safety markers at 
one week or longer, or both, to be included. However, specific to the investigation here we 
only carried out further investigation of studies that were identified in our searches up to 
January 2022, and provided data on at least one of the following outcomes: 

 Long-term cessation of combustible cigarettes (at 6 month follow-up or longer; we 
also refer to this as ‘abstinence’ in the text which pertains specifically to abstinence 
from combustible cigarettes) 

 Proportion of people still using study product (EC or comparator intervention) at 
longest follow‐up (at 6 month follow-up or longer). 

Although we carry out screening in duplicate for our main review, a single reviewer carried 
out the second stage of eligibility screening for the analyses reported here. Data extraction 
was done in duplicate as part of the parent review; a single reviewer then went back 
through the eligible studies and extracted relevant information on flavours, which was 
checked by a second reviewer. Flavours were categorised into subgroups: tobacco only; 
menthol/mint only; sweet only (including fruit, candy and dessert flavours); unflavoured 
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only; choice of tobacco or menthol/mint; choice of tobacco, menthol/mint or sweet; and 
unspecified.  

Risk of bias judgements follow those of the parent review;(1) studies were judged to be at 
low risk of bias overall if judged low risk across all domains assessed, at high risk of bias if 
assessed at high risk in one or more domain, and at unclear risk where no domains were 
judged to be at high risk but at least one was judged to be at unclear risk. 

Analyses 

To investigate associations between flavours and our outcomes of interest, we subgrouped 
existing meta-analyses from our Cochrane review by the flavours of EC used in the included 
studies, for the following primary comparisons: 

 Nicotine EC vs NRT 

 Nicotine EC vs varenicline 

 Nicotine EC vs non-nicotine EC 

 Nicotine EC vs behavioural support only or no intervention 

We updated our existing analyses using Cochrane’s Revman 5.4 software where there were 
sufficient studies and data, and investigated subgroup differences using I2 for subgroup 
differences (where there was more than one study and subgroup in an analysis). We also 
examined the pooled estimates for each subgroup and judged whether their interpretation 
differed across groups. We calculated pooled effect estimates as risk ratios (RR) and 95% 
confidence intervals (CI). In the parent review,(1) analyses are carried out using fixed effects 
methods, and that is what we planned to do in the protocol for this review. For this paper, 
we present these updated fixed effects analyses in the supplementary materials. However, 
in the main text we present post hoc random effects analyses as requested by the journal. 
Had any of our analyses included 10 or more studies we would have investigated potential 
publication bias using funnel plots, in-line with Cochrane guidance.(9) 

Where studies offered participants a range of flavours, a single reviewer extracted any 
information reported on participants’ flavour choices. We also planned to extract the results 
of any analyses authors had carried out of their outcomes by flavours chosen and synthesise 
these narratively. None of the studies reported these types of analyses; therefore, we 
contacted the authors of all of the papers that reported a choice of flavours to see if they 
were able to provide any further information. Where this information was available, we 
report results narratively and in descriptive graphs. 

 

RESULTS 

Included studies 

Through January 2022, our literature searches identified 67 studies eligible for inclusion in 
our Cochrane living review of electronic cigarettes for smoking cessation. One of these 
studies was excluded from the current investigation as the investigators did not provide 
participants with EC.(10) A further 28 were excluded as they did not report on our outcomes 
of interest, and four were excluded as they did not provide any information on EC flavour 
and we were not successful in obtaining further information from the investigators. Of the 
remaining 34 studies, 18 were neither RCTs (and so ineligible for our subgrouped meta-
analyses) nor provided participants with a choice of EC flavour. This left 16 studies (see 
supplementary material for flow diagram); 14 of these were RCTs eligible for inclusion in 
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relevant meta-analyses, and ten were studies that reported providing participants with a 
choice of EC flavour (some studies were included in both types of synthesis). From the latter 
we attempted to extract further information on participant choice and the impact of flavour 
on our outcomes of interest. Nine of the eligible studies were judged to be at high risk of 
bias overall, two at unclear risk and five at low risk (for further information on risk of bias 
judgements see the supplemental material). Table 1 includes brief summary information on 
these studies. We did not identify any completed studies that randomised participants to 
different flavour choices and reported data on our pre-specified outcomes. 

Associations between flavours and outcomes of interest 

For the majority of the subgrouped meta-analyses that we were able to conduct, 
subgrouping by our specified flavour categories showed no clear evidence of effect 
moderation (see Table 2 for summaries of feasible subgroup analyses). The only analysis 
where there was an I2 suggesting substantial statistical heterogeneity between groups (I2 = 

65.2%), was for the comparison ‘Nicotine EC versus NRT’ and the outcome of long-term 
product use (Figure 1). Three studies were included in a ‘tobacco’ flavour subgroup,(11-13) 
and two studies in a ‘choice of tobacco, menthol/mint or sweet’ group.(14, 15) The 
‘tobacco’ subgroup provided evidence that more participants were using EC at long-term 
follow-up than were using NRT; whereas the ‘choice’ subgroup had a substantially smaller 
point estimate favouring higher long-term EC use, with CIs also encompassed the potential 
for higher long-term NRT use as well as no difference in the product use between study 
groups. However, this finding should be treated with caution as there was substantial 
statistical heterogeneity within subgroups (I2 = 84% for ‘tobacco’ subgroup; I2 = 82% for 
‘choice of tobacco, menthol/mint, sweet’ subgroup) and other differences between the 
studies could have been driving the apparent differences in effects. It is also important to 
note that all of our analyses were limited by imprecision due to small numbers of events 
within analyses and subgroups and future eligible studies could change the interpretation of 
subgroup differences (see supplementary material for additional forest plots, as well as the 
results of the subgrouping of fixed effects analyses). Due to the small numbers of studies (< 
10) in each of our analyses it was not appropriate to investigate publication bias using 
funnel plots. 

Studies offering a choice of flavours 

Table 3 reports the information we extracted on the flavours offered by the ten studies that 
provided participants with a choice of flavours. All of the studies provided participants with 
a choice of menthol/mint, tobacco or a sweet flavour (usually fruit), apart from one, which 
only gave the option of tobacco and menthol.(16) Participant preferences differed across 
studies, with some seeing a higher popularity of fruit (or other sweet/dessert) flavours over 
tobacco and menthol flavours,(14, 17, 18) one earlier study finding a clear preference for 
tobacco flavour,(19) another for menthol/mint,(20) and others seeing a less clear 
demarcation in preferences. Using individual participant data supplied by one of the author 
teams, we were also able to map the flavour switching behaviour of participants in the 
study (see Figure 2).(20) A substantial minority of participants switched the flavour of EC 
they used over the course of the study. The numbers using menthol flavour decreased 
slightly over time, the numbers using mango or other fruit flavours increased and those 
using tobacco remained stable; absolute numbers were small for all samples.Another 
included RCT found that the proportion of participants using fruit flavours had reduced at 8 
months and the proportions using menthol and tobacco had increased.(17) 
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As none of these 10 studies reported any analyses of smoking cessation or long-term 

product use moderated by flavour of EC, we contacted the author teams to see if they could 

provide any further information. Four of them provided us with some additional information 

related to flavour use and smoking abstinence.(14, 17, 19, 20) The flavour most commonly 

used by abstainers varied between studies (see Figure 3). In two UK studies, the majority of 

people who were abstinent were using sweet flavours, with very similar numbers using 

menthol/mint and tobacco.(14, 17) In a US study, the participants who chose sweet (mango) 

flavour at baseline were most likely to be abstinent at six-month follow-up (54% quit versus 

38% menthol/mint and 37% tobacco; see Figure 2), although most abstainers were using 

sweet/fruit, followed closely by menthol/mint flavours at follow-up.(20) In an Italian study, 

sweet flavours appeared to be used the least by abstainers at follow-up, with tobacco the 

most popular flavour.(19) Two of the studies also provided the number of people using each 

EC flavour who were not abstinent at 8 and 6-month follow-ups respectively (Figure 4).(17, 

20) Among the non-abstinent group flavour use was evenly matched in one study, with nine 

participants using tobacco; 10 using mint; and nine using sweet flavours.(17) However, in 

the other, tobacco flavour seemed to be less popular at follow-up than menthol and fruit 

flavours (similar to their abstinent participants), with mint/menthol the most popular.(20) 

As with our previous analyses, it is important to treat the data on abstinence and flavours 

with caution as all of the studies that supplied data were relatively small. 

 

DISCUSSION 

This paper reports findings from syntheses conducted as an extension to our Cochrane living 
systematic review of ‘Electronic cigarettes for smoking cessation’.(1) Our aim was to 
investigate any moderating effect of EC flavour on the success of EC as a smoking cessation 
aid and the likelihood of EC being used long-term. Subgrouping the analyses from our 
original review by flavour of EC offered did not provide any clear evidence that cessation or 
long-term product use was associated with the flavours provided. However, these findings 
are based on small numbers of studies and participants, and are subject to confounding, 
thus are likely to change as more evidence becomes available.  

Participants’ flavour preferences differed across studies, with some studies showing similar 

levels of use across flavours, some showing a preference for sweet/fruit flavours, another 

for tobacco flavour, and another for menthol/mint. In all of the studies that looked at 

flavour use over time, there seemed to be some flavour switching; however, in most cases it 

was hard to distinguish the extent of this due to a lack of individual participant data. In the 

one US study where we could track individual use, there was notable experimentation with 

different flavours in some participants, although others used the same flavour 

throughout.(20)  

A subset of studies provided some data on the flavours used by participants who were 

ultimately abstinent from tobacco at long-term follow-up; no consistent flavour pattern was 

observed across studies.(14, 17, 19, 20) However, these findings should again be treated 

with caution due to the small number of participants, and the fact that flavour use was 

provided at one time point only and switching was likely to have occurred in some people. 
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Our approach is based on data from a high quality, established systematic review.(1) The 

searches and processes carried out to identify studies are thorough and involve searching 

for unpublished, as well as published literature, in an attempt to minimise bias. Therefore, 

we have maximised our chances of identifying all of the relevant literature. For pragmatic 

reasons the screening and data extraction for this sub-study were carried out by a single 

author, potentially increasing the opportunity for human error. However, the manuscript 

has been reviewed by all the authors, the majority of whom are experts in the field and 

authors on the original Cochrane living review, thus know the included studies well. 

As mentioned above all of the syntheses included in this paper are based on a small number 

of studies and participants. The number of intervention studies that have provided 

information on EC flavour use and preference is small, and none of the studies providing a 

choice of flavours have carried out their own analyses based on these preferences. 

Therefore, our investigation and conclusions are severely limited by the lack of available 

primary data, and particularly by a lack of individual participant data. In addition, the one 

subgrouped meta-analysis that did appear to show a potential association between long-

term EC use and flavour was also subject to considerable statistical heterogeneity within 

subgroups, making it difficult to draw meaningful conclusions. At the time of writing, there 

are no published RCTs that directly compare different EC flavours and look at our outcomes 

of interest. Consequently, we were only able to explore associations rather than casual 

relationships.  

Other recent literature on EC flavours provides disparate findings, much like the studies 
synthesised here. Data from a large longitudinal cohort study (PATH) collected in the US 
between 2014 and 2016, found that the most popular flavours of EC were fruit, and that 
younger people more commonly used products of multiple flavours and changed the 
flavours they used over time;(21) whereas Nielsen scanner data collected on US purchase 
transactions between 2013 and 2017 found that adult cigarette smokers tended to purchase 
tobacco flavour EC or e-liquids the most.(22) In addition, EC consumers appeared to be loyal 
to their preferred flavour. A New Zealand study, of 32 participants who completed at least 
four interviews, provided particpants with an EC starter kit but required them to source e-
liquids of their choosing.(23) The majority initially selected a tobacco flavored e-liquid, with 
the remainder choosing fruit, menthol/mint, dessert/sweet and non-alcoholic beverage 
flavours in approximately equal proportions. Most participants were using the same flavor 
at study exit, however, many also described experimentation toward the beginning of the 
study. Experimentation was less common in those who chose a tobacco flavoured e-liquid at 
baseline. Finally, the aforementioned systematic review of any study that investigated 
differences in EC flavours published up to August 2020, found evidence that flavour 
preferences had changed over time,(5) with a preference for the more traditional cigarette 
flavours of tobacco and menthol shifting toward sweet flavours. This appeared to be true 
even in people using combustible cigarettes along with EC and older EC users, although 
tobacco was used more in these groups than in younger users, people who used to smoke, 
or people with no history of combustible cigarette use. The authors hypothesise that the 
shift in the popularity of sweet flavours could be the result of a change in preference or 
could reflect the increased availability of novel flavours on the market.  

 13600443, ja, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/add.16091 by U

niversity O
f E

ast A
nglia, W

iley O
nline L

ibrary on [28/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



 

 
This article is protected by copyright. All rights reserved. 

Whilst conducting our living Cochrane review, we have identified 59 ongoing intervention 

studies of EC for smoking cessation, which are potentially relevant for inclusion when 

complete; three of these are RCTs that plan to directly compare different EC flavours.(24-26) 

NCT04708106 plans to compare tobacco flavour EC, menthol flavour EC, and no 

intervention.(24) NCT04090879 plans to compare tobacco flavour EC with a choice of EC 

flavours,(25) and NCT05023096 plans to compare menthol and tobacco EC, tobacco EC only 

and unflavoured EC.(26)  In two further ongoing studies investigators will test whether 

allowing participants to personalize the flavour of their EC e-liquid has any moderating 

effects on tobacco cigarette smoking.(27, 28) These studies are all poised to offer further, 

valuable information, though flavour choice among them remains limited primarily to 

tobacco and menthol options. There is currently little evidence available on the potential 

toxicity of different e-cigarette flavours, which we recognise is difficult to assess due to the 

large number of flavourings in us, and the multiple mediating and confounding factors, such 

as device type.(29) As more head-to-head trials comparing flavours become available, we 

expect the monitoring of relative differences in safety outcomes to be more likely. Up to 

date Individualised information on toxicity should be taken into account when considering 

the availability and use of particular flavours. 

In addition, due to the limited and aggregated data included in this review, we were unable 

to examine variables that may be mediating or confounding the relationship between 

flavour use and smoking cessation in more depth, for example, nicotine concentration, 

device power, amount of e-liquid used, number of puffs taken. The investigation of these 

variables in future studies could help us to understand the role flavours play in quitting 

smoking and find reasons for the heterogeneity between study effects identified in this 

review. 

In conclusion, at the time of writing, intervention studies investigating EC for smoking 
cessation for six months or longer provide very little information on the popularity of EC 
flavours used and any potential impact of these on smoking cessation and long-term 
product use. Relevant studies are ongoing, but the range of flavour choices offered are 
limited. Due to current uncertainties around the relative benefits of flavours, future studies 
should aim to explore a broad range of flavours in order to inform ongoing policy debate 
and decisions around the availability of EC flavours. Studies should also report data on 
important outcomes broken down by flavour type, and exploring potential mediating and 
confounding factors, such as nicotine concentration, device type, e-liquid use, number of 
puffs. Long-term RCTs directly comparing the effects of different flavours on smoking and 
vaping behaviours, as well as exploring product safety are particularly needed. Based on the 
evidence that flavour experimentation takes place during studies, collecting detailed 
information about the flavours used by individual participants across the duration of studies 
would be beneficial. It is possible that particular flavours are favoured for achieving 
abstinence, and others for maintaining it. Finally, although the varied flavour preferences 
across studies preclude clear conclusions on user preferences, this may reflect genuine 
individual differences across EC users. If so, this has implications for the popularity of EC as a 
smoking aid if the range of flavours offered were to be limited as a result of government 
policies. 
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Table 1: Characteristics of included studies 

Study ID 
Device 

type 
Total N 
baseline 

Flavours 
provided 

Comparison 
(C) or single 

arm (S) 
Study 
design 

Length of 
FU 

(months) 

Overall risk 
of bias 

judgement Country 
Population 

characteristics 

Begh 
2021(17) Refillable 325 

Choice of 
sweet, tobacco 

or menthol 
C (EC vs 

standard care) RCT 8 High UK 

People who 
smoke 

combustible 
cigarettes with 

no plans to stop 

Bullen 
2013(11) Cig-a-like 657 Tobacco only 

C (EC vs 
nicotine 

patches vs 
placebo EC) RCT 6 Low NZ 

People who 
smoke 

combustible 
cigarettes and 
willing to quit 

Caponnetto 
2013(30) Cig-a-like 300 Tobacco only 

C (EC vs lower 
nicotine EC vs 
non-nicotine 

EC) RCT 12 Unclear Italy 

People who 
smoke 

combustible 
cigarettes 

Cobb 
2021(16) 

Cartridge 520 

Choice of 
tobacco or 
menthol 

C (EC nicotine 
2 strengths; 
non-nicotine 
EC; cigarette 
substitute) RCT 6 Low  

USA 
People who 

smoke 
combustible 

cigarettes 

Dawkins 
2020(18) 

Refillable 80 

Choice of 
sweet, tobacco 

or menthol C (EC vs UC) 
Prospective 

cohort 6 High 

UK 

People who 
smoke 

combustible 
cigarettes. 

Recruitment at 
homeless centres 

Eisenberg 
2020(31) 

Cig-a-like 376 Tobacco only 

C (EC + 
counselling vs 
non-nicotine 

EC + 
counselling vs 

counselling 
only)  RCT 6 Low  

Canada 
People who 

smoke 
combustible 

cigarettes and 
motivated to quit 

Ely 
2013(32) 

Cig-a-like 48 

Choice of 
sweet, tobacco 

or menthol S (All used EC) 
Prospective 

cohort 6 High 

USA 

People who want 
to quit 

combustible 
cigarettes or 
switch to EC 

Hajek 
2019(12) 

Refillable 886 Tobacco only C (EC vs NRT) RCT 12 Low  

UK 

People who 
smoke 

combustible 
cigarettes 

Halpern 
2018(33) 

Cig-a-like 6006 

Choice of 
sweet, tobacco 

or menthol 

C (Usual care 
(UC); UC +EC; 
UC+EC+ NRT + 
bupropion or 
varenicline; 

UC+EC+ NRT + 
bupropion or 
varenicline + 
incentives; as 
before plus 

financial 
incentive) RCT 12 High 

USA 
People who 
smoke and 

employees and 
their spouses 

that used Vitality 
wellness 
programs 

Holliday 
2019(34) 

Refillable 80 

Choice of 
sweet, 

tobacco, 
mint/menthol, 
or unflavoured  

C (EC vs no 
intervention) RCT 6 High  

UK 

People who 
smoke 

combustible 
cigarettes with 

peridontis 
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Lee 
2018(13) 

Cig-a-like 30 Tobacco only 

C (EC vs 
nicotine 
patches) RCT 6 Low  

USA 

People who 
smoke and 

presented to the 
anesthesia 

preoperative 
clinic for elective 
surgery 3 or more 

days before 
surgery 

Lucchiari 
2020(35) 

Cig-a-like 210 Tobacco only 

C (nicotine EC 
vs non-

nicotine EC) RCT 

12 but data 
only 

available at 
6 High 

Italy 

Participants are 
55 years or more 
and have smoked 

at least 10 
combustible 

cigarettes a day 
for the past 10 

years 

Myers 
Smith 

2021(14) 

Refillable 135 

Choice of 
sweet, tobacco 

or menthol C (EC vs NRT) RCT 6 Low UK 

People who 
smoke 

combustible 
cigarettes and 
find quitting 

difficult 

Polosa 
2015(19) 

Refillable 71 

Choice of 
sweet, tobacco 

or menthol S (All used EC) 
Prospective 

cohort 12 High 

Italy 

People who 
smoke 

combustible 
cigarettes, 

making first 
purchase at vape 

shop 

Pulvers 
2020(20) 

Pod 186 

Choice of 
sweet, tobacco 

or menthol 
C (EC versus no 
intervention) RCT 6 High 

USA 

African American 
and Latinx  

people who 
smoke 

combustible 
cigarettes 

Russell 
2021(15) 

Pod 426 

Choice of 
sweet, tobacco 

or menthol 

C (NRT; EC 
with nicotine 
salt e‐liquid 

pods; EC with 
freebase 

nicotine e‐
liquid pods) RCT 6 Unclear 

UK People who 
smoke 

combustible 
cigarettes 
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Table 2. Results from meta-analyses subgrouped by flavour (random-effects) 
Comparison Outcome Number of studies I2 for subgroup 

differences 
P value for subgroup 
differences 

Nicotine EC v NRT Smoking cessation 3 tobacco only; 2 choice of tobacco, 
menthol or sweet 

0 0.91 

Study product use 
(Figure 1) 

65.2 0.09 

Nicotine EC v non-
nicotine EC 

Smoking cessation 4 tobacco only; 1 choice of tobacco or 
menthol 

35.0 0.21 

Study product use 2 tobacco only; 1 choice of tobacco or 
menthol 

0 0.86 

Nicotine EC v 
behavioural 
support only or no 
support 

Smoking cessation 2 tobacco only; 4 choice of tobacco, 
menthol or fruit 

0 0.58 
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Table 3. Flavours available and participant choices in studies that offered a range of flavours 

STUDY 
ID 

COUNTRY FLAVOUR CHOICES AVAILABLE  CHOICE DATA 

Begh 
2021(17) 

UK Initially provided a starter kit including 
(blueberry, mixed fruit and menthol). 
Participants could then purchase 
flavours of their choice 

At 2 months (N=111): blueberry n=15 (13.5%); forest 
fruit n=28 (25.25%); strawberry n=5 (4.5%), other fruit 
flavours n=20 (18%); menthol n=10 (9%), tobacco n=21 
(18.9%), unflavoured n=1 (0.9%), other flavours 
(blackjack, bubblegum, CBD oil, coffee, ginger, 
liquorice, mint, nicotine, toffee, vanilla) n=11 (9.9%) 

At 8 months (N=32): blueberry n=6, (18.8%); forest 
fruit n=4 (12.5%), other fruit flavour n=1 (3.1%), 
menthol n=11 (34.4%), tobacco n=10 (31.3%) 

Cobb 
2021(16) 

USA Tobacco or menthol (participants 
selected their preference at 
randomisation) 

Not reported 

Dawkins 
2020(18) 

UK Tobacco, fruit or menthol (participants 
were “permitted to switch between 
flavours” 

Across the duration of the study, 318 bottles of fruit 
flavoured 10 ml e-liquid were dispensed; 155 bottles 
of menthol, and 133 bottles of tobacco. 

Ely 
2013(32) 

USA Tobacco, menthol, various fruit, 
various dessert 

Not reported 

Halpern 
2018(33) 

USA Tobacco, menthol, various fruit Not reported 

Holliday 
2019(34) 

UK Initially provided 2-week supply of e-
liquid, with a choice of tobacco, mint, 
cherry flavours or unflavoured. 
Participants could then purchase 
flavours of their choice 

Total N=39. Cherry only n=4 (10%); mint only n=8 
(21%); mint and cherry n=6 (15%); tobacco only n=5 
(13%); tobacco and cherry n=2 (5%); tobacco and mint 
n=9 (23%); unflavoured only n=0; unflavoured and 
tobacco n=3 (8%); unflavoured and mint n=1 (3%); 
unflavoured and cherry n=1 (3%) 

Myers-
Smith 
2021(14) 

UK Participants independently obtained e-
liquids of their choice and were 
encouraged to try different flavours 

At 1 week (N=49): fruit: n=21; sweet: 5; energy/soft 
drink: 2; coffee: 3; menthol/mint: 8; tobacco: 13; 
unknown other: 6 (multiple flavours used by some) 

At 6 months (N=31): fruit: 18; sweet: 2; energy/soft 
drink: 2; menthol/mint: 5; tobacco: 6; raspberry and 
mint: 1; coffee and coconut: 1 

Polosa 
2015(19) 

Italy “large selection of flavours” Baseline (N=71): fruit n=4 (5.6%); mint n=7 (9.9%); 
tobacco n=57 (80.3%); unknown other n=3 (4.2%) 

At 12 months (N=49): fruit n=2 (4.1%); mint n=5 
(10.2%); tobacco n=36 (73.5%); other flavours (cola, 
coffee, dessert/cakes/cookies, cocktail, mixed berry, 
mint) n=6 (12.3%). 

Pulvers 
2020(20) 

USA Menthol, mint, mango, tobacco Baseline (N=125): mango n=35 (28%); menthol n=44 
(35.2%); mint n=24 (19.2%); tobacco n=22 (17.6%) 

At 2 and 6 weeks (N=113): mango n=36 (31.9%); 
menthol n=39 (34.5%); mint n=17 (15%); tobacco n=21 
(18.6%). 

Russell 
2021(15) 

UK Participants independently obtained e-
liquids of their choice and were 
encouraged to try different flavours 

Not reported 
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Figure 1. Study product use at 6 months or longer, EC versus NRT (FBNP = free base nicotine pods; NSP 

= nicotine salt pods) 
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Figure 2. EC flavour use over time among participants in Pulvers 2020.(20) Arrows illustrate the flow of 

flavour choice and switching behaviour (only including participants that provided data at 6-month 

follow-up) 

Footnote: at baseline and 6-week follow-up participants were provided with mango, mint, menthol 

or tobacco flavours. At 6-month follow-up participants were self-sourcing flavours and so additional 

flavours were being used, as specified.  
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Figure 3. EC flavour use among people abstinent from combustible cigarettes at longest follow-up 

Footnote: in the mixed flavour types category, one participant was using both coconut and coffee 

flavoured e-liquids and one participant was using both raspberry and mint flavours 
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Figure 4: EC flavour use among people continuing to use combustible cigarettes at longest follow-up 
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