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Background and Aims: The addictive potential of electronic cigarettes (e-cigarettes)
remains to be fully understood. We identified patterns and correlates of perceived
addiction to e-cigarettes and perceived addictiveness of e-cigarettes relative to tobacco
cigarettes (relative addictiveness) in dual users as well as exclusive e-cigarette users.
Design, Setting and Participants: Observational study using cross-sectional survey data
from England (2016) from the International Tobacco Control Project (ITC) Four Country
Smoking and Vaping (4CV) survey. The study comprised 832 current e-cigarette users
who had been vaping for at least 4 months.

Measurements: Perceived addiction to e-cigarettes and relative addictiveness of
e-cigarettes were examined. Socio-demographic factors were age, gender and education;
markers of addiction included urge to vape, time to first vape after waking and nicotine
strength used; vaping and smoking characteristics included frequency and duration of
e-cigarette use, intention to quit, adjustable power or temperature, enjoyment,
satisfaction relative to tobacco cigarettes and tobacco cigarette smoking status.
Findings: A total of 17% of participants reported feeling very addicted to e-cigarettes,
while 40% considered e-cigarettes equally/more addictive than tobacco cigarettes.
Those who felt very addicted had higher odds of regarding e-cigarettes as more
addictive than tobacco cigarettes (odds ratio 3.4, 95% confidence interval 2.3-5.1). All

markers of addiction, daily use and enjoyment were associated with higher perceived
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INTRODUCTION

With more than 8 million deaths world-wide, tobacco use is the
leading cause of preventable deaths [1]. With the introduction of
electronic cigarettes (e-cigarettes), a potentially less harmful alterna-
tive to tobacco cigarettes is available, as e-cigarettes deliver nicotine
without exposing the user to the toxicants of combusting tobacco
[2-4]. While there is evidence that e-cigarettes containing nicotine
increase quit rates [5], the extent of the health risks and harm
potential of e-cigarettes is still debated due to the paucity of reli-
able long-term data.

With regard to the addictive potency of e-cigarettes, evidence
has accrued that e-cigarette use is associated with symptoms of
addiction, such as craving or immediate e-cigarette use after waking;
however, the risk and severity of addiction is likely to be lower for
e-cigarettes than for tobacco cigarettes [3, 6-8]. This is in line with
studies showing that e-cigarette users consistently reported that
they feel less addicted to vaping than they were previously to
smoking [9-11]. The role of such self-perceptions of users is partic-
ularly emphasized in the context of cognitive theories of health
behaviours, which understand behaviour as a function of the subjec-
tive value of an outcome and the expectation that a particular
action will achieve that outcome: these expectations being influ-
enced by positive and negative reinforcements [12]. In this sense,
perceived addiction to vaping could, together with reinforcements,
play a role in the decision to maintain or quit e-cigarette use or in
switching back to smoking.

To date, addictive symptoms in e-cigarette users have been
investigated largely by utilizing measures of addiction to tobacco
cigarettes. The most established marker of addiction is time to first
cigarette after waking [13, 14], which has been adapted analogously
for e-cigarette use [15]. Another marker is craving, which is a main
component in models of addiction and smoking cessation and is
often measured by self-reported urges [16]. Nicotine is the key
pharmacological element responsible for dependence to cigarettes
through its rewarding, reinforcement and withdrawal effects [17].

Higher concentrations of nicotine have previously been associated

addiction, whereas time to first vape after waking, daily vaping and perceiving vaping as
less satisfying than smoking were associated with relative addictiveness.

Conclusions: Markers of addiction to e-cigarettes appear to correspond with perceived
addiction to e-cigarettes, suggesting that self-reported perceived addiction might serve
as an indicator of addiction. Prevalence both of markers of addiction and perceived
addiction were comparatively low overall, suggesting a limited but relevant addictive
potential of e-cigarettes. Additionally, positive and negative reinforcement, reflected

here by enjoyment and relative satisfaction, might play a role in e-cigarette addiction.

E-cigarettes, electronic cigarettes, perceived addiction, reinforcement, relative addictiveness, vaping

with an increased abuse potential, particularly with respect to
dependence, and might therefore be another marker of e-cigarette
addiction [18].

Understanding the addictive potential of e-cigarettes is the cor-
nerstone for developing new strategies for prevention and treatment
and ultimately understanding their role from a public health perspec-
tive. However, little is known about perceived addiction and per-
ceived addictiveness relative to tobacco cigarettes (relative
addictiveness) in e-cigarette users. In this study, we used data from a
survey of e-cigarette users in England to study whether (1) markers of
addiction and (2) vaping and smoking characteristics were associated

with perceived addiction to and relative addictiveness of e-cigarettes.

METHODS
Study population

This study is part of work package Ill of the EValuation of the
Addictive Potential of E-cigarettes (EVAPE) project [19]. For this
cross-sectional analysis, we used data from the International Tobacco
Control (ITC) Four Country Smoking and Vaping (4CV) Survey
[England, wave 1 (data acquired between July and September 2016)].
This survey comprises a nationally representative sample of smokers
and e-cigarette users using standardized survey methods [20]. All
participants were recruited into the study as current tobacco cigarette
smokers who have smoked at least 100 cigarettes in their life-time,
former tobacco cigarette smokers who quit within the previous
2 years or current, at least weekly, e-cigarette users [20]. For the
present analysis, we only included people who were using e-cigarettes
daily or weekly for at least 4 months, who could be exclusive
e-cigarette users (non-smokers) or dual-users (concurrent smokers)
(Figure 1).

The ITC England survey was approved by the ethics research
committee at the University of Waterloo (Ontario, Canada) and the
local ethics committee in England. All participants provided informed

consent.
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ITC-4CV England

wave 1
n=4422
No current use: 1 =2156
- Never users: n = 1298
- Past user: n =858
Current
e-cigarette users
n=2266

E-cigarette usage: n = 1434
- Occasional use: n =1232
- Use <4 months: n=195

- Refused: n =4
- Donot know: n =3

Overall study

A
Sample perceived
addiction
n=769

Smokers: n =617
- Regular smoker: n =535
- Occasional smoker: n = 82

Sensitivity analysis
in exclusive
e-cigarette users
n=152

sample

n=_832
No data on perceived addiction: No data on relative
n=63 addictiveness: n =45
- Do not know: n =49 - Do not know: n =42
- Missings: n1=14 - Missings: n=3

A 4
Sample relative
addictiveness
n=787

Smokers: n =628
- Regular smoker: n =544
- Occasional smoker: n =84

Sensitivity analysis
in exclusive
e-cigarette users
n=159

FIGURE 1 Flow-chart of the study population. This figure shows the selection of participants from the first wave of the International
Tobacco Control (ITC) Four Country Smoking and Vaping (4CV) Survey (England, 2016). Data on both perceived addiction and relative

addictiveness available in 737 respondents.

Outcomes

Perceived addiction

Participants reported if they considered themselves as addicted to
e-cigarettes (not at all; yes, somewhat addicted; yes, very addicted).
For multivariable analyses, the response options were dichotomized
as very addicted versus not at all or somewhat addicted, similar to the
approach used by McNeill et al. [21].

Relative addictiveness

All participants indicated how addictive they considered vaping
e-cigarettes relative to smoking tobacco cigarettes (much less,

somewhat less, equally, somewhat more, much more addictive). For
multivariable analyses, the response options were dichotomized as
e-cigarettes being equally or somewhat or much more addictive ver-
sus them being somewhat or much less addictive than tobacco ciga-
rettes. This dichotomization was chosen to ensure sufficient cases for

analysis.

Socio-demographic characteristics

Socio-demographic characteristics included age (18-24, 25-39, 40-
54 and 55+ years), gender (men, women, other) and highest level of
education attained (low: pre-vocational secondary education; moder-
ate: secondary vocational, senior general secondary and pre-university
education; high: higher professional or a university degree).

85U80|7 SUOWWIOD @A eaID 8|qedt|dde ays Aq peuseAob a1e S9ple YO ‘@SN JO S9N 10} A%eiqi8uljuO 8|1 UO (SLORIPUOD-pUe-SWBI W00 A8 1M Afeiq 1 |uo//Sdny) SUORIPUOD pue swie 1 8y 88S *[£202/20/cT] Uo Arigi7auluo A8 |im ‘(-ouleAnge ) eqnopesy Aq Z9T9T PPe/TTTT OT/I0p/wWo0 A3 1M Akeiq1jul|uoy/sdny woly pepeojumoq ‘L ‘€202 ‘Evy009ET



1362 |

LOHNER ET AL

SSA

Markers of addiction

We categorized time to first vape after waking into ‘5 minutes or less’,
‘6-30 minutes’, ‘31-60 minutes’ and ‘more than 60 minutes’. Urge to
vape in the past 24 hours was assessed only among e-cigarette users
who did not simultaneously smoke tobacco cigarettes daily. Response
options were collapsed into three categories to allow for sufficient
cases for analysis: low (none, slight urge), moderate and strong urge to
vape (strong, very strong, extremely strong urge). Nicotine strength
was divided into four categories (none/low: no nicotine, 1-4 mg/ml;
medium: 5-8 mg/ml; high: 9-14 mg/ml; very high: 15 mg/ml or more).

Vaping and smoking characteristics

We defined tobacco cigarette smoking status as ‘non-smoker’ [non-
smoker, recent quitter (quit in last 24 months), long-term quitter
(quit more than 24 months ago)], ‘occasional smoker’ (current
monthly or less than monthly smoker) or ‘regular smoker’ (current
daily or weekly smoker) and frequency of e-cigarette use as ‘daily
vaper’ or ‘weekly vaper’. Respondents further reported on the dura-
tion of e-cigarette use (4-6 months, 7-12 months, 1-2 years, 2-
3 vyears, 3-5 years, more than 5 years), if their e-cigarette had
adjustable power or temperature (no, yes, but | do not change it;
yes, | change it occasionally; yes, | change it regularly), and if they
had an intention to quit vaping (no intention to quit, undecided,
intention to quit within 1-6 months, intention to quit after more
than 6 months). Participants also indicated how much they enjoy
vaping (not/slightly, moderately, very much, extremely) and how sat-
isfying vaping is relative to smoking (relative satisfaction; much less,

less, equally, more, much more than smoking).

Data analysis

First, we examined correlations among the markers of addiction and
vaping and smoking characteristics using Pearson correlations. Then,
we examined associations of (1) socio-demographic factors, (2) markers
of addiction and (3) vaping and smoking characteristics with perceived
addiction and relative addictiveness using logistic regression. All
models were adjusted for age, gender, education and tobacco cigarette
smoking status. Respondents identifying their gender as ‘other’ were
excluded from the analysis due to low numbers (n = 4).

To rule out confounding by tobacco smoking and concomitant
addiction to smoking, we performed a sensitivity analysis in exclusive
e-cigarette users (non-smokers) using the same models as described
above without adjustment for smoking status.

Respondents had the option to answer ‘prefer not to answer’ to
any question, which was coded as ‘refusal’. Refusals were treated as
missing values [enjoyment: 3 (0.4%); nicotine strength: 4 (0.5%); rela-
tive satisfaction: 4 (0.5%)]. Whenever a respondent skipped a ques-
tion and did not answer it, this was coded as ‘missing value’ [relative
addictiveness: 3 (0.4%); perceived addiction: 14 (1.7%)]. Missing
values were excluded from the analysis.

‘Do not know’ answers were also treated as missing values in the
main analysis [urge to vape: 2 (0.2%); enjoyment: 6 (0.7%); relative
satisfaction: 10 (1.2%); education: 13 (1.6%); adjustment of power or
temperature: 28 (3.4%); relative addictiveness: 42 (5.0%); perceived
addiction: 49 (5.9%)].

To ensure that the dichotomization used for the outcome vari-
ables did not lead to any bias, we ran a sensitivity analysis utilizing
multinomial regression, including the same models as described above.
Here, we were able to include all answer options for perceived addic-
tion (not at all, somewhat, very addicted, do not know) but still had to
group relative addictiveness to ensure sufficient cases for analysis
(less, equally, more addictive than smoking, do not know).

Additionally, we explored distributions of markers of addiction in
relation to perceived addiction and relative addictiveness throughout
further European countries who had implemented ITC surveys with
similar methodology and survey instruments available (Germany,
Greece, Hungary, Poland, Romania, Spain and the Netherlands (6E
and NL); see Supporting information, Figure S1 [22]). Due to the low
frequency of e-cigarette users in 6E and NL, we pooled them for the
descriptive comparison with England and could not perform any multi-
variable statistical analyses.

All analyses were performed in R version 4.1.3 [23]. P-values less
than 0.05 were considered statistically significant, and we corrected
for multiple comparisons by using false discovery rate (FDR) correc-
tion (Benjamini & Hochberg approach [24]). The analysis plan was not
pre-registered, and the results should therefore be considered

exploratory.

RESULTS
Characteristics of the study population

The overall sample consisted of 832 current e-cigarette users, who
had data on either outcome. Figure 1 and Table 1 show the selection
and characteristics of the study population. Overall, 17% (n = 137)
considered themselves very addicted to e-cigarettes, and 40%
(n = 333) considered e-cigarettes equally or more addictive relative to
tobacco cigarettes (Table 1). Sixty-six per cent (n = 90) of the respon-
dents who considered themselves very addicted also considered
e-cigarettes equally or more addictive than tobacco cigarettes,
whereas 60% (n=382) of the respondents who considered
themselves not/somewhat addicted to e-cigarettes also considered

e-cigarettes less addictive relative to tobacco cigarettes.

Correlations among markers of addiction and vaping
and smoking characteristics

Pearson correlation results revealed strong correlations between
higher enjoyment and higher relative satisfaction; and moderate cor-
relations between a shorter time to first vape after waking and
increased urge to vape and more frequent e-cigarette use and
increased urge to vape (Figure 2).
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TABLE 1 Characteristics of the study sample.

Characteristics [n (%)] n =832
Age (years) 18-24 234 (28.1)
25-39 228 (27.4)
40-54 158 (19.0)
55+s 212 (25.5)
Gender Women 297 (35.7)
Men 531 (63.8)
Other 4(0.5)
Education level Low 170 (20.4)
Moderate 340 (40.9)
High 309 (37.1)
Do not know 3(1.6)
Tobacco cigarette smoking Non-smoker 165 (19.8)
status Occasional smoker 86 (10.3)
Regular smoker 581 (69.9)
Frequency of e-cigarette Daily use 534 (64.2)
use Weekly use 298 (35.8)
Perceived addiction® Not at all addicted 289 (35.3)
Somewhat addicted 343 (41.9)
Very addicted 137 (16.7)
Do not know 49 (6.0)
Relative addictiveness® Much less addictive 127 (15.3)
Somewhat less 327 (39.9)
addictive
Equally addictive 286 (34.5)
Somewhat more 29 (3.5)
addictive
Much more addictive 18 (2.2)
Do not know 42 (5.1)

@Participants with missing data: perceived addiction: n = 14 (1.7%); relative
addictiveness: n = 3 (0.4%).

Correlates of perceived addiction

Overall, 815 respondents had provided answers for both outcomes,
737 after excluding ‘do not know’ answers. Among these respon-
dents, feeling very addicted to e-cigarettes was associated with
increased odds of rating e-cigarettes equally or more addictive than
tobacco cigarettes [odds ratio (OR) = 3.4, 95% confidence interval
(Cl) = 2.3-5.1], even after correction for multiple comparisons.
Table 2 gives an overview of the results of the logistic regression

models for each outcome.

Socio-demographic characteristics

Socio-demographic factors were not associated with perceived

addiction.

SSA 1363

Markers of addiction

Participants who had their first vape in the morning within 5 minutes
or 6-30 minutes after waking had higher odds of feeling addicted
compared to participants who first vaped more than an hour after
waking (OR = 4.0, Cl = 2.1-7.7; OR = 2.7, Cl = 1.6-4.5, respectively).
A very high compared to low nicotine strength was associated with
increased perceived addiction (very high: OR = 3.7, Cl = 1.9-7.7). In
the subsample of e-cigarette users who did not simultaneously smoke
tobacco cigarettes daily, a strong compared to moderate urge to vape
was associated with higher odds of feeling addicted (OR = 6.5,
Cl = 3.3-13.6).

Vaping and smoking characteristics

Daily vaping compared to weekly vaping and extreme compared to
moderate enjoyment of vaping increased the odds of feeling addicted
(OR =3.1,Cl =1.9-5.1; OR = 8.8, Cl = 5.1-15.5; respectively; Table 2).

Correlates of relative addictiveness
Socio-demographic characteristics

Socio-demographic factors were not associated with relative addic-

tiveness (Table 2).

Markers of addiction

Participants who vaped within 5 minutes after waking compared to
more than 1 hour after waking had increased odds of regarding
e-cigarettes as equally or more addictive than tobacco cigarettes
(OR=24,Cl=1.5-4.2).

Vaping and smoking characteristics

E-cigarette users who experienced vaping as much less (OR = 0.3,
Cl = 0.2-0.6) and somewhat less satisfying (OR = 0.5, Cl = 0.3-0.7)
than smoking tobacco cigarettes were less likely to perceive
e-cigarettes as equally or more addictive than tobacco cigarettes
compared to e-cigarette users who perceived e-cigarettes as equally

satisfying as tobacco cigarettes (Table 2).

Sensitivity analysis using multinomial models

Supporting information, Tables S1 and S2 present associations of
socio-demographic factors, markers of addiction and vaping and
smoking characteristics with all categories of perceived addiction and

relative addictiveness, respectively, including participants with ‘do not
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Enjoyment 0.5
Intention to quit PEATSGH -9“2 -0.1
Correlation

Duration of e-cigarette use -10 05 00 05 1.0 -0.1 0.2 0.1
Adjustable power or temperature -0.1 0 0.1 0.2
Frequency of e-cigarette use 0 0.2 0 0.3 0.1
Tobacco cigarette smoking -0.3 0.2 -0.3 -0.1 -0.2 -0.1
*kk *kk *kk *% *kk *kk

Nicotine strength 0 0.2 -0.1 0.1 -0.1 0.1 0

Urge to vape 0.3 -0.1 0.4 0 0.2 -0.2 0.3 0

Time to first vape -0.4 -0.1 0.2 -0.3 0 -0.2 0 -0.2 0
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FIGURE 2 Correlations among markers of addiction and vaping and smoking characteristics in the England sample. Asterisks indicate P-value

level: *P < 0.05; **P < 0.01; ***P < 0.005.

know’ answers. Overall, the results suggested a dose-response pat-
tern when looking across effect estimates of perceived addiction and
relative addictiveness, but effect estimates were imprecise due to the
small groups and supported our approach dichotomizing the outcome

variables in the main analyses.

Sensitivity analysis in exclusive e-cigarette users

Of the 165 exclusive e-cigarette users, % (n = 35) considered them-
selves very addicted, and 35% (n = 56) considered e-cigarettes equally
or more addictive than tobacco cigarettes. The sensitivity analysis
revealed similar trends compared to the results described above

(Supporting information, Table S3). However, only the associations
between time to first vape in the morning within 5 minutes
(OR =557, Cl=8.8-1114.4) and extreme pleasure (OR=11.1,
Cl = 3.3-46.6) with perceived addiction were significant, but effect

estimates were imprecise, probably due to the small sample size.

Comparison of markers of addiction with perceived
addiction and relative addictiveness throughout
further European countries

The 6E and NL sample was comprised of 163 current e-cigarette
users. Generally, patterns regarding markers of addiction across
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TABLE 2 Results of the logistic regression model examining associations of socio-demographic factors, markers of addiction and vaping and
smoking characteristics with perceived addiction to (n = 769) and perceived relative addictiveness of (n = 787) e-cigarettes.

Perceived addiction Relative addictiveness
Adjusted OR Adjusted OR
(95% Cl) P Pepr (95% Cl) P Pepr
Outcomes®
Perceived addiction (reference: not/somewhat addicted) 3.4(2.3-5.1) < 0.001 <0.001
Relative addictiveness (reference: less addictive) 3.4(2.3-5.2) < 0.001 < 0.001
Socio-demographic factors
Age (reference: 18-24 years)
25-39 years 0.9 (0.6-1.5) 0.801 1.000 1.0(0.7-1.5) 0.918 1.000
40-54 years 0.4 (0.2-0.7) 0.004 0.073 0.8(0.5-1.2) 0.304 1.000
55+ years 0.7 (0.4-1.2) 0.162 1.000 0.7 (0.4-1.0) 0.074 1.000
Men (reference: women) 1.1(0.7-1.6) 0.759 1.000 1.1(0.8-1.5) 0.471 1.000
Education (reference: low)
Moderate 0.9 (0.5-1.5) 0.717 1.000 0.9 (0.6-1.3) 0471 1.000
High 1.0 (0.6-1.7) 0.992 1.000 1.1(0.7-1.6) 0.753 1.000
Markers of addiction
Urge to vape (reference: moderate)?
Low* - - - 0.6 (0.3-1.2) 0.137 0.775
Strong 6.5(3.3-13.6) <0.001 <0.001 2.2(1.3-3.7) 0.003 0.088
Time to first vape (reference: more than 60 min)
5 min or less 4.0(2.1-7.7) < 0.001 0.001 24(1.5-4.2) 0.001 0.021
6-30 min 2.7 (1.6-4.5) <0.001 0.002 1.6 (1.1-2.3) 0.011 0.130
31-60 min 1.5(0.8-2.9) 0.188 1.000 1.1(0.7-1.7) 0.710 1.000
Nicotine strength (reference: none/low)
Medium 2.3(1.2-4.9) 0.021 0.124 1.0 (0.6-1.6) 0.966 1.000
High 2.4(1.2-5.0) 0.020 0.124 1.4(0.9-2.2) 0.171 1.000
Very high 3.7(1.9-7.7) < 0.001 0.008 1.5(0.9-2.3) 0.088 0.747
Vaping and smoking characteristics
Current daily use (reference: weekly) 3.1(1.9-5.1) <0.001 0.000 1.4 (1.0-2.0) 0.026 0.367
Status smoking (reference: non-smoker)
Occasional smoker 1.3(0.7-2.4) 0.427 1.000 2.1(1.2-3.6) 0.013 0.432
Regular smoker 0.5(0.3-0.8) 0.004 0.073 1.2(0.8-1.7) 0.489 1.000
Duration e-cigarette use (reference: 1-2 years)
4-6 months 0.8 (0.5-1.5) 0.530 1.000 0.7 (0.5-1.1) 0.140 1.000
7-12 months 1.3(0.8-2.3) 0.265 1.000 1.0 (0.7-1.5) 0.853 1.000
2-3 years 2.3(1.2-4.1) 0.008 0.120 1.2 (0.7-2.0) 0.492 1.000
3-5 years 2.6(1.1-5.8) 0.026 0.189 1.3(0.7-2.7) 0.419 1.000
More than 5 years® - - - 2.2(0.6-7.7) 0.213 1.000

Adjustment of power or temperature (reference: not possible)

No change 1.2(0.7-2.2) 0.488 1.000 1.1(0.7-1.7) 0.650 1.000

Occasional change 1.4(0.8-2.3) 0.241 1.000 1.3(0.9-2.0) 0.160 1.000

Regular change 2.6(1.2-5.7) 0.014 0.163 1.7 (0.9-3.3) 0.117 1.000
Enjoyment (reference: moderate)

None/slight 0.8(0.3-1.7) 0.576 1.000 0.8(0.5-1.2) 0.255 1.000

Very much 1.8 (1.0-3.0) 0.035 0.310 1.3(0.9-1.9) 0.117 1.000

Extreme 8.8(5.1-15.5) < 0.001 < 0.001 1.6 (1.0-2.4) 0.048 0.543

(Continues)
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TABLE 2 (Continued)
Perceived addiction Relative addictiveness
Adjusted OR Adjusted OR
(95% Cl) P Pepr (95% Cl) P Pepr
Relative satisfaction (reference: equally satisfying)
Much less satisfying than smoking 0.3(0.1-0.9) 0.044 0.258 0.3 (0.2-0.6) < 0.001 0.004
Somewhat less satisfying than smoking 0.9 (0.6-1.5) 0.706 1.000 0.5(0.3-0.7) < 0.001 0.004
Somewhat more satisfying than smoking 2.2 (1.2-3.8) 0.006 0.092 0.6 (0.4-1.0) 0.034 0.291
Much more satisfying than smoking 2.0 (1.0-3.6) 0.034 0.258 0.8 (0.5-1.4) 0.429 1.000
Intention to quit (reference: no intention)
Within 1-6 months 0.2(0.1-0.7) 0.024 0.285 0.8(0.4-1.5) 0.426 1.000
After > 6 months 1.0 (0.3-2.3) 0.916 1.000 0.7 (0.3-1.5) 0.386 1.000
Undecided 1.0 (0.6-1.6) 0.885 1.000 1.6 (1.1-2.4) 0.022 0.378

All models were adjusted for age, gender, education and smoking status.
Prpg, false discovery rate (FDR)-adjusted P-value.

#Data on both perceived addiction and relative addictiveness available in n = 737.

bUrge to vape was only assessed in e-cigarettes users who did not simultaneously smoke tobacco cigarettes daily (n = 368).

“No analysis performed for perceived addiction: all participants with other gender (n = 4) and low urge to vape (n = 78) regarded themselves as
not/somewhat addicted; there were no e-cigarette users who had been vaping for more than 5 years.

countries appeared comparable, with only a small minority of
e-cigarette users vaping within 5 minutes after waking, and more than
40% having their first vape more than 60 minutes after waking
(Supporting information, Table S4). A greater proportion of e-cigarette
users in England, however, used high nicotine strengths = 15 mg/ml
(31% in England versus 16% in E6 and NL), while using zero nicotine
was more prevalent in the other European countries (23% in 6E and
NL versus 3% in England). Overall, the distributions throughout coun-
tries in relation to perceived addiction were quite similar, except that
there were more e-cigarette users who reported feeling very addicted
to e-cigarettes in England (Supporting information, Figure S2a).
Figure S2b displays the patterns of relative addictiveness in relation
to markers of addiction, which were also quite similar across

countries.

DISCUSSION

This study investigated perceived addiction to and relative addictive-
ness of e-cigarettes and their associations with markers of addiction
and vaping and smoking characteristics. We found that (1) fewer than
one in five respondents considered themselves very addicted to e-cig-
arettes and fewer than one in 10 respondents thinks that vaping is
more addictive than tobacco cigarette smoking; (2) participants who
considered themselves very addicted to e-cigarettes were more likely
to consider e-cigarettes equally or more addictive than tobacco ciga-
rettes; (3) markers of addiction corresponded with perceived addiction
to e-cigarettes, but only partly with relative addictiveness; and (4) daily
use of e-cigarettes and feeling extreme enjoyment from vaping was
related to higher perceived addiction, whereas low satisfaction
relative to smoking was associated with lower odds of perceiving

e-cigarettes as addictive.

That the majority of e-cigarette users considered themselves not
or only somewhat addicted to e-cigarettes and that more than half
considered e-cigarettes to be less addictive than tobacco cigarettes
confirms previous studies showing a low prevalence of e-cigarette
users feeling very addicted [3, 6-8]. E-cigarettes and tobacco ciga-
rettes are very similar with respect to their handling, nicotine delivery
and social aspects, including smoking breaks [19]. Perceived addiction
and relative addictiveness hence need not necessarily be due to nico-
tine dependence, but may also be rooted in these psychosocial habits,
especially among former smokers or dual users. Future studies are
needed to disentangle the effect of psychosocial behaviours on
e-cigarette addiction.

We demonstrated that markers of addiction, including immediate
e-cigarette use after waking, a strong urge to vape and a very high
nicotine strength, corresponded with elevated levels of perceived
addiction. Tolerance, craving and time to first vape have been
described as main components of e-cigarette addiction [25, 26].
Higher levels of nicotine strength might indicate a higher tolerance
towards nicotine. Studies on perceived addiction of e-cigarettes in
youth and young adults (16-25 years) reported that those who vaped
daily, used higher strengths of nicotine and had started vaping more
than a year ago considered themselves more addicted to e-cigarettes
[27]. Previous epidemiological studies found associations of craving
and use within 30 minutes after waking with dependence symptoms
in e-cigarette users [6, 8]. Our findings expand these findings by link-
ing such markers of addiction to perceived addiction to and relative
addictiveness of e-cigarettes in adult users.

There were slight differences in the distribution of perceived
addiction and relative addictiveness between the whole sample of
e-cigarette users and the subsample of exclusive e-cigarette users.
Exclusive e-cigarette users reported feeling addicted to e-cigarettes

more often compared to all e-cigarette users (23 versus 17%),
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whereas fewer exclusive e-cigarette users regarded the product
equally or more addictive than tobacco cigarettes (35 versus 40%).
The latter might seem counter-intuitive at first, but could be due to
the fact that almost all exclusive e-cigarette users were former
smokers who might have used e-cigarettes as cessation aid to quit
smoking. As we only included e-cigarette users who had been vaping
for at least 4 months, former smokers who use e-cigarettes as a long-
term harm reduction and relapse prevention tool might have been
over-represented, and these long-term users might generally be more
susceptible to nicotine addiction and more aware of the high addictive
potential of tobacco cigarettes. In line with this, use of very high nico-
tine strength was more prevalent among exclusive e-cigarette users
than among the overall sample of e-cigarette users (42 versus 31%,;
data not shown).

We demonstrated that a dose above 15 mg/ml nicotine is associ-
ated with increased levels of perceived addiction. This is in alignment
with previous studies reporting that higher nicotine concentrations
were related to increased dependence symptoms and longer use of
e-cigarettes [18]. Approximately one-third of the English participants
used high nicotine levels, i.e. more than 15 mg/ml, and approximately
10% of the sample were using a nicotine dose of more than 20 mg/ml
(data not shown). While the European Union introduced new regula-
tions in May 2016 according to which nicotine levels are not allowed
to exceed a dose of more than 20 mg/ml [28], baseline data were
acquired between July and September 2016, and e-cigarette users
might still have had liquid containers with higher nicotine levels stored
at home, or might have mixed their own liquids.

Moreover, our analysis revealed that the degree of perceived
addiction and relative addictiveness was associated with enjoyment
and relative satisfaction, respectively, which might be due to the
release of dopamine by stimulating nicotinic acetylcholine receptors
[29]. Enjoyment and relative satisfaction might reflect positive and
negative reinforcement, thereby leading to more frequent e-cigarette
use. This is in line with common theories of positive reinforcement in
addiction [30-33]. Through its rewarding effect, e-cigarettes might
appear as an attractive alternative to tobacco cigarettes, especially
when being used as harm reduction tool. However, the addictive
potential needs to be carefully considered, as e-cigarettes might pro-
long dependence upon nicotine products, on one hand, but also pre-
vent relapse to tobacco smoking on the other hand.

Our descriptive cross-country comparison suggested that pat-
terns of perceived addiction and relative addictiveness with respect to
markers of addiction were quite similar throughout countries. While
these countries have similar regulation of e-cigarettes, given that all
countries had implemented the European Tobacco Products Directive
(2014/40/EU) by May 2016 [28], they differed in their public health
approach to the use of e-cigarettes as a smoking cessation aid. In con-
trast to the rest of Europe, public health agencies in England recom-
mend e-cigarettes as smoking cessation and harm reduction tool. That
descriptive patterns were relatively comparable across both samples
suggests that our findings relating to the England sample might be
generalizable to other European countries with different public health

approaches to e-cigarettes.
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There are some limitations to our study. Due to our sampling
strategy and inclusion criteria, most e-cigarette users in our study
were current or former smokers, and the level of perceived addic-
tion could reflect nicotine addiction from (previous) long-term use
of tobacco cigarettes. Hence, we cannot clarify if e-cigarette use
alone leads to the development of addiction. Future studies would
be required to investigate addiction in regular vapers who never
smoked tobacco cigarettes. However, the prevalence of exclusive
e-cigarette users who never smoked is low. Also, the England
sample was taken from 2016 and products have evolved rapidly
since that time, so our findings might not reflect the addictive
potential of newer products. Data were based on self-report, which
might lead to bias, including social desirability bias. Finally, as our
sample was highly selective, we cannot generalize our results to the
general population.

Further studies in the context of the EVAPE project aim to shed
light on the addictive potential of e-cigarettes by examining their
reward value and dependence symptoms from neurobiological and

sociological perspectives [19, 34].

CONCLUSIONS

In this cross-sectional study, we showed that markers of addiction
corresponded with perceived addiction of e-cigarette users, implying
that self-reported measures of perceived addiction might be an indica-
tor of addiction. Prevalence both of perceived addiction and markers
of addiction were comparatively low overall, supporting the research
indicating that an addictive potential of e-cigarettes is present, and
the high endorsement of their lower relative addictiveness is consis-
tent with research suggesting that this addictive potential is lower
than that of tobacco cigarettes. Moreover, our data imply that positive
and negative reinforcement, expressed by enjoyment and relative sat-
isfaction, plays a role in perceived addiction to and relative addictive-
ness of e-cigarettes. Further studies are warranted to investigate
these associations longitudinally.

ACKNOWLEDGEMENTS
Open Access funding enabled and organized by Projekt DEAL.

DECLARATION OF INTERESTS

G.T.F. has served as an expert witness or a consultant for govern-
ments defending their country’s policies or regulations in litigation. All
other authors have no conflicts of interest.

AUTHOR CONTRIBUTIONS

Valerie Lohner: Conceptualization (equal); formal analysis (equal);
methodology (equal); writing—original draft (equal). Ann McNeill: Data
curation (equal); funding acquisition (equal); writing—review and editing
(equal). Sven Schneider: Conceptualization (equal); funding acquisition
(equal); writing—review and editing (equal). Sabine Vollstaedt-Klein:
Conceptualization (equal); funding acquisition (equal); writing—review

and editing (equal). Marike Andreas: Conceptualization (equal);

85UB0 11 SUOLLLLIGD 8A 11810 3 eadde a1 Aq peusenob a1 S 1Le YO ‘38N J0 SN o ARG UIIUO A3V UO (SUONIPUOO-PUE-SULBY W00 A3 v AJe.q 1[Bu U0//'SAu) SUOIPUOD PUE SWi | au) 95 *[£202/20/ET] Uo AreiqITaUIluO B1IA *(-0ul eAndeT) sqnopesy Aq Z9T9T PPe/TTTT OT/I0p/w0d" A8 | Aeiqjpujuo//Sdny WwoJ) pepeojumoq ‘L ‘€202 ‘SvH009ET



LOHNER ET AL

1368 | SSA

writing—review and editing (equal). Daria Szafran: Conceptualization
(equal); writing—review and editing (equal). Nadja Grundinger:
Conceptualization (equal); writing—review and editing (equal). Tibor
Demijén: Data curation (equal); funding acquisition (equal); writing—
review and editing (equal). Esteve Fernandez: Data curation (equal);
funding acquisition (equal); writing—review and editing (equal).
Krzysztof Przewozniak: Data curation (equal); funding acquisition
(equal); writing—review and editing (equal). Yannis Tountas: Data cura-
tion (equal); funding acquisition (equal); writing—review and editing
(equal). Antigona Trofor: Data curation (equal); funding acquisition
(equal); writing—review and editing (equal). Witold Antoni Zatonski:
Data curation (equal); funding acquisition (equal); writing—review and
editing (equal). Marc C. Willemsen: Data curation (equal); funding
acquisition (equal); writing—review and editing (equal). Constantine
Vardavas: Data curation; funding acquisition (equal); writing—review
and editing (equal). Geoffrey T. Fong: Data curation (equal); funding
acquisition (equal); writing—review and editing (equal). Ute Mons:
Conceptualization (equal); data curation(equal); funding acquisition
(equal); methodology (equal); writing—review and editing (equal).

ETHICS STATEMENT

The survey protocols and all materials, including the survey question-
naires, were cleared for ethics by the Review Ethics Board at the
Office of Research Ethics, University of Waterloo, Canada
(REB#20803/30570 for England, REB#21262/30709 for 6E,
REB#41704 for the Netherlands); internal review boards at: King's
College London (IRB RESCM-17/18-2240); Romania luliu Hatieganu
University of Medicine and Pharmacy (IRB155), Spain Hospital Uni-
versitari de Bellvitge (IRB PR100/16), Poland State College of Higher
Vocational Education (IRB 1/2016), Greece Medical School, University
of Athens (IRB 1516023880), Hungary Medical Research Council (IRB
46344-2/2017/EKU) and Medical Faculty Heidelberg (IRB 196/
2016); ethics clearance from the University of Maastricht, the

Netherlands, was waived due to minimal risks.

AFFILIATIONS

Cardiovascular Epidemiology of Aging, Department of Cardiology,
Faculty of Medicine and University Hospital Cologne, University of
Cologne, Germany

?National Addiction Centre, Institute of Psychiatry, Psychology and
Neuroscience, King's College London, London, UK

3Shaping Public Health Policies to Reduce Inequalities and Harm
(SPECTRUM), UK

“4Center for Preventive Medicine and Digital Health Baden-
Wiirttemberg, Medical Faculty Mannheim, Heidelberg University,
Germany

SDepartment of Addictive Behaviour and Addiction Medicine, Central
Institute of Mental Health, Medical Faculty Mannheim, Heidelberg
University, Mannheim, Germany

®Mannheim Center for Translational Neurosciences (MCTN),
Medical Faculty Mannheim, Heidelberg University, Mannheim,
Germany

7Smoking or Health Hungarian Foundation, Budapest, Hungary

8Tobacco Control Unit and WHO Collaborating Center for Tobacco
Control, Catalan Institute of Oncology (ICO), L’'Hospitalet de
Llobregat, Spain

?Bellvitge Biomedical Research Institute (IDIBELL), L’Hospitalet de
Llobregat, Spain

195chool of Medicine and Health Sciences, University of Barcelona,
Barcelona, Spain

1Consortium for Biomedical Research in Respiratory Diseases
(CIBERES), Madrid, Spain

12Maria Sklodowska-Curie National Research Institute of Oncology,
Warsaw, Poland

3Collegium Civitas, Warsaw, Poland

1*Health Promotion Foundation, Warsaw, Poland

15Center for Health Services Research, School of Medicine, National
and Kapodistrian University of Athens, Athens, Greece

LoUniversity of Medicine and Pharmacy ‘Grigore T. Popa’ lasi, lasi,
Romania

7 Aer Pur Romania, Bucharest, Romania

18European Observatory of Health Inequalities, President

Stanistaw Wojciechowski State University of Applied Sciences, Kalisz,
Poland

1%Maastricht University, Department of Health Promotion (CAPHRI),
Maastricht, the Netherlands

2%Trimbos Institute, Netherlands Expertise Centre for Tobacco
Control, Utrecht, the Netherlands

215chool of Medicine, University of Crete, Crete, Greece
22Department of Oral Health Policy and Epidemiology, Harvard
School of Dental Medicine, Boston, MA, USA

23Department of Psychology, University of Waterloo, Waterloo, ON,
Canada

245chool of Public Health Sciences, University of Waterloo, Waterloo,
ON, Canada

25Ontario Institute for Cancer Research, Toronto, ON, Canada

ORCID
Valerie Lohner "= https://orcid.org/0000-0001-5589-9701
Ann McNeill = https://orcid.org/0000-0002-6223-4000

Esteve Fernandez "= https://orcid.org/0000-0003-4239-723X
Marc C. Willemsen "= https://orcid.org/0000-0001-9387-592X
Ute Mons 2 https://orcid.org/0000-0003-1764-6783

REFERENCES

1. World Health Organization (WHO). WHO Report on the Global
Tobacco Epidemic 2019: Offer Help to Quit Tobacco Use. Geneva,
Switzerland: WHO; 2019.

2. Hajek P, Phillips-Waller A, Przulj D, Pesola F, Smith KM, Bisal N,
et al. E-cigarettes compared with nicotine replacement therapy
within the UK stop smoking services: the TEC RCT. Health Technol
Assess. 2019;23:1-82.

3. National Academies of Sciences, Engineering, and Medicine, Health
and Medicine Division, Board on Population Health and Public
Health Practice, Committee on the Review of the Health Effects of
Electronic Nicotine Delivery Systems. In: Eaton DL, Kwan LY,
Stratton K, editorsPublic Health Consequences of E-cigarettes
Washington, DC: National Academies Press; 2018.

85UB0 11 SUOLLLLIGD 8A 11810 3 eadde a1 Aq peusenob a1 S 1Le YO ‘38N J0 SN o ARG UIIUO A3V UO (SUONIPUOO-PUE-SULBY W00 A3 v AJe.q 1[Bu U0//'SAu) SUOIPUOD PUE SWi | au) 95 *[£202/20/ET] Uo AreiqITaUIluO B1IA *(-0ul eAndeT) sqnopesy Aq Z9T9T PPe/TTTT OT/I0p/w0d" A8 | Aeiqjpujuo//Sdny WwoJ) pepeojumoq ‘L ‘€202 ‘SvH009ET


https://orcid.org/0000-0001-5589-9701
https://orcid.org/0000-0001-5589-9701
https://orcid.org/0000-0002-6223-4000
https://orcid.org/0000-0002-6223-4000
https://orcid.org/0000-0003-4239-723X
https://orcid.org/0000-0003-4239-723X
https://orcid.org/0000-0001-9387-592X
https://orcid.org/0000-0001-9387-592X
https://orcid.org/0000-0003-1764-6783
https://orcid.org/0000-0003-1764-6783

PERCEIVED ADDICTION TO E-CIGARETTES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Rostron BL, Coleman B, Cheng YC, Kimmel HL, Oniyide O, Wang L,
et al. Nicotine exposure by device type among adult electronic nico-
tine delivery system users in the population assessment of tobacco
and health study, 2015-2016. Cancer Epidemiol Biomark Prev.
2020;29:1968-72.

Hartmann-Boyce J, Lindson N, Butler AR, McRobbie H, Bullen C,
Begh R, et al. Electronic cigarettes for smoking cessation. Cochrane
Database Syst Rev. 2022;1:3.

Liu G, Wasserman E, Kong L, Foulds J. A comparison of nicotine
dependence among exclusive E-cigarette and cigarette users in the
PATH study. Prev Med. 2017;104:86-91.

Strong DR, Pearson J, Ehlke S, Kirchner T, Abrams D, Taylor K, et al.
Indicators of dependence for different types of tobacco product
users: descriptive findings from wave 1 (2013-2014) of the popula-
tion assessment of tobacco and health (PATH) study. Drug Alcohol
Depend. 2017;178:257-66.

Rostron BL, Schroeder MJ, Ambrose BK. Dependence symptoms and
cessation intentions among US adult daily cigarette, cigar, and
e-cigarette users, 2012-2013. BMC Public Health. 2016;16:814.
Farsalinos KE, Spyrou A, Tsimopoulou K, Stefopoulos C, Romagna G,
Voudris V. Nicotine absorption from electronic cigarette use: com-
parison between first and new-generation devices. Sci Rep. 2014;4:
4133.

Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, Voudris V.
Evaluating nicotine levels selection and patterns of electronic ciga-
rette use in a group of ‘vapers’ who had achieved complete substitu-
tion of smoking. Subst Abuse. 2013;7:139-46.

Foulds J, Veldheer S, Yingst J, Hrabovsky S, Wilson SJ, Nichols TT,
et al. evelopment of a questionnaire for assessing dependence on
electronic cigarettes among a large sample of ex-smoking E-cigarette
users. Nicotine Tob Res. 2015;17:186-92.

Rosenstock IM, Strecher VJ, Becker MH. Social learning theory and
the health belief model. Health Educ Q. 1988;15:175-83.
Heatherton TF, Kozlowski LT, Frecker RC, Rickert W, Robinson J.
Measuring the heaviness of smoking: Using self-reported time to the
first cigarette of the day and number of cigarettes smoked per day.
Br J Addict. 1989;84:791-9.

Kozlowski LT, Director J, Harford MA. Tobacco dependence,
restraint and time to the first cigarette of the day. Addict Behav.
1981;6:307-12.

Morean ME, Krishnan-Sarin S, Sussman S, Foulds J, Fishbein H,
Grana R, et al. Psychometric evaluation of the E-cigarette depen-
dence scale. Nicotine Tob Res. 2019;21:1556-64.

Dowd AN, Motschman CA, Tiffany ST. Development and validation
of the questionnaire of vaping craving. Nicotine Tob Res. 2018;21:
63-70.

Benowitz NL, Hukkanen J, Jacob P lIl. Nicotine chemistry, metabo-
lism, kinetics and biomarkers. Handb Exp Pharmacol. 2009;192:
29-60.

Gades MS, Alcheva A, Riegelman AL, Hatsukami DK. The role of nic-
otine and flavor in the abuse potential and appeal of electronic ciga-
rettes for adult current and former cigarette and electronic cigarette
users: a systematic review. Nicotine Tob Res. 2022;24:1332-43.
Vollstadt-Klein S, Grundinger N, Gorig T, Szafran D, Althaus A,
Mons U, et al. Study protocol: Evaluation of the addictive potential
of e-cigarettes (EVAPE): neurobiological, sociological, and epidemio-
logical perspectives. BMC Psychol. 2021;9:181.

Thompson ME, Fong GT, Boudreau C, Driezen P, Li G, Gravely S,
et al. Methods of the ITC four country smoking and vaping survey,
wave 1 (2016). Addiction. 2019;114:6-14.

McNeill A, Driezen P, Hitchman SC, Cummings KM, Fong GT,
Borland R. Indicators of cigarette smoking dependence and relapse

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

SSA 1369

in former smokers who vape compared with those who do not: Find-
ings from the 2016 international tobacco control four country smok-
ing and vaping survey. Addiction. 2019;114:49-60.

Thompson ME, Driezen P, Boudreau C, Bécuwe N, Agar TK,
Quah ACK, et al. Methods of the International Tobacco Control (ITC)
EUREST-PLUS ITC Europe surveys. Eur J Public Health. 2020;30:
iii4-9.

R Core Team. R: A Language and Environment for Statistical
Computing Vienna, Austria: R Foundation for Statistical Computing;
2020.

Benjamini Y, Hochberg Y. Controlling the false discovery rate: a prac-
tical and powerful approach to multiple testing. J R Stat Soc B Meth-
odol. 1995;57:289-300.

Bold KW, Sussman S, O’Malley SS, Grana R, Foulds J, Fishbein H,
et al. Measuring E-cigarette dependence: initial guidance. Addict
Behav. 2018;79:213-8.

Baker TB, Piper ME, McCarthy DE, Bolt DM, Smith SS, Kim S-Y,
et al. Time to first cigarette in the morning as an index of ability to
quit smoking: implications for nicotine dependence. Nicotine Tob
Res. 2007;9:5555-70.

Camara-Medeiros A, Diemert L, O’Connor S, Schwartz R,
Eissenberg T, Cohen JE. Perceived addiction to vaping among youth
and young adult regular vapers. Tob Control. 2021;30:273-8.

The European Parliament and the Council of the European Union.
Directive 2014/40/EU of the European Parliament and the Council
of April 2014 on the approximation of the laws, regulations and
administrative provisions of the member states concerning the man-
ufacture, presentation and sale of tobacco and related products and
repealing directive 2001/37/EC Luxembourg: Publications Office of
the European Union; 2014.

Hukkanen J, Jacob P Ill, Benowitz NL. Metabolism and disposition
kinetics of nicotine. Pharmacol Rev. 2005;57:79-115.

Nutt D, King LA, Saulsbury W, Blakemore C. Development of a ratio-
nal scale to assess the harm of drugs of potential misuse. Lancet.
2007;369:1047-53.

Skinner BF. The Behavior of Organisms: an Experimental Analysis.
Oxford: Appleton-Century; 1938.

Thorndike EL. Animal intelligence: an experimental study of the asso-
ciative processes in animals. Am J Psychol. 1898;2:149.

Salerian A. Addictive potency of substances. Pharm Pharmacol Int J.
2015;2:133-5.

Szafran D, Goerig T, Vollstadt-Klein S, Grundinger N, Mons U,
Lohner V, et al. Addictive potential of E-cigarettes as reported in
E-cigarette online forums: netnographic analysis of subjective experi-
ences. J Med Internet Res. 2023;25:e41669.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Lohner V, McNeill A, Schneider S,
Vollstadt-Klein S, Andreas M, Szafran D, et al. Understanding
perceived addiction to and addictiveness of electronic
cigarettes among electronic cigarette users: a cross-sectional
analysis of the International Tobacco Control Smoking and
Vaping (ITC 4CV) England Survey. Addiction. 2023;118(7):
1359-69. https://doi.org/10.1111/add.16162

85UB0 11 SUOLLLLIGD 8A 11810 3 eadde a1 Aq peusenob a1 S 1Le YO ‘38N J0 SN o ARG UIIUO A3V UO (SUONIPUOO-PUE-SULBY W00 A3 v AJe.q 1[Bu U0//'SAu) SUOIPUOD PUE SWi | au) 95 *[£202/20/ET] Uo AreiqITaUIluO B1IA *(-0ul eAndeT) sqnopesy Aq Z9T9T PPe/TTTT OT/I0p/w0d" A8 | Aeiqjpujuo//Sdny WwoJ) pepeojumoq ‘L ‘€202 ‘SvH009ET


https://doi.org/10.1111/add.16162

	Understanding perceived addiction to and addictiveness of electronic cigarettes among electronic cigarette users: a cross-s...
	INTRODUCTION
	METHODS
	Study population
	Outcomes
	Perceived addiction
	Relative addictiveness

	Socio-demographic characteristics
	Markers of addiction
	Vaping and smoking characteristics
	Data analysis

	RESULTS
	Characteristics of the study population
	Correlations among markers of addiction and vaping and smoking characteristics
	Correlates of perceived addiction
	Socio-demographic characteristics
	Markers of addiction
	Vaping and smoking characteristics

	Correlates of relative addictiveness
	Socio-demographic characteristics
	Markers of addiction
	Vaping and smoking characteristics

	Sensitivity analysis using multinomial models
	Sensitivity analysis in exclusive e-cigarette users
	Comparison of markers of addiction with perceived addiction and relative addictiveness throughout further European countries

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	DECLARATION OF INTERESTS
	AUTHOR CONTRIBUTIONS
	ETHICS STATEMENT
	REFERENCES


