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ABSTRACT

Objective: To assess dependence levels in users of e-cigarettes, and compare them with dependence levels
in users of nicotine gums and tobacco cigarettes.
Design: Self-reports from cross-sectional Internet and mail surveys. Comparisons of: (a) 766 daily users of
nicotine-containing e-cigarettes with 30 daily users of nicotine-free e-cigarettes; (b) 911 former smok-
ers who used the e-cigarette daily with 451 former smokers who used the nicotine gum daily (but no
e-cigarette); (c) 125 daily e-cigarette users who smoked daily (dual users) with two samples of daily
smokers who did not use e-cigarettes (2206 enrolled on the Internet and 292 enrolled by mail from
the general population of Geneva). We used the Fagerstrom test for nicotine dependence, the nicotine
dependence syndrome scale, the cigarette dependence scale and versions of these scales adapted for
e-cigarettes and nicotine gums.
Results: Dependence ratings were slightly higher in users of nicotine-containing e-cigarettes than in
users of nicotine-free e-cigarettes. In former smokers, long-term (>3 months) users of e-cigarettes were
less dependent on e-cigarettes than long-term users of the nicotine gum were dependent on the gum.
There were few differences in dependence ratings between short-term (<3 months) users of gums or
e-cigarettes. Dependence on e-cigarettes was generally lower in dual users than dependence on tobacco
cigarettes in the two other samples of daily smokers.
Conclusions: Some e-cigarette users were dependent on nicotine-containing e-cigarettes, but these prod-
ucts were less addictive than tobacco cigarettes. E-cigarettes may be as or less addictive than nicotine
gums, which themselves are not very addictive.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

approaches that seen after tobacco cigarette smoking (Etter and
Bullen, 2011a,b; Vansickel and Eissenberg, 2013; Dawkins and

Electronic cigarettes (e-cigarettes) are increasingly popular
(Hajek et al., 2014). E-cigarettes do not contain tobacco, but a liquid
made of propylene glycol, glycerol, flavours, and most of the time
nicotine. The liquid is heated electrically to produce a vapour for
inhalation.

While there is considerable variability across products and
individuals, some users are able to obtain substantial amounts of
nicotine from e-cigarettes (Etter and Bullen, 2011a,b; Vansickel and
Eissenberg, 2013; Dawkins and Corcoran, 2014; Etter, 2014; Nides
et al,, 2014). In many cases, plasma nicotine concentration after
e-cigarette use is similar or higher than the concentration seen in
users of nicotine replacement medications and, in some cases, it
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Corcoran, 2014; Etter, 2014; Nides et al., 2014; Spindle et al., 2014).
The speed of nicotine delivery to the blood may be slower for
e-cigarettes than for tobacco cigarettes, but is certainly similar to or
faster than for nicotine medications (Choi et al., 2003; Bullen et al.,
2010; Dawkins and Corcoran, 2014; Nides et al., 2014; Spindle et al.,
2014), including the nicotine gum (Henningfield, 1995). Because
the addictiveness of a drug-delivery device is in part determined
by the speed of drug delivery to the brain (Le Houezec, 2003),
the differences across devices suggest the hypothesis that some
e-cigarettes may be less addictive than tobacco cigarettes, but as
or more addictive than nicotine medications, which themselves
are not at all (patch), or not very addictive (gum, lozenge; Hughes,
1989; Shiffman et al., 2003). This hypothesis is partially supported
by data showing that the abuse liability of e-cigarettes is less than
that of tobacco cigarettes, at least for smokers trying an e-cigarette
for the first time (Vansickel et al., 2012). Also, in experienced
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e-cigarette users (called “vapers” because they inhale a vapour),
the number of minutes between waking up and first use (a good
indicator of dependence) is longer for e-cigarettes than for tobacco
cigarettes (Farsalinos et al., 2013a,b; Goniewicz et al., 2013), and
vapers report that e-cigarettes are less addictive than tobacco
cigarettes (Farsalinos et al., 2013a,b; Goniewicz et al., 2013; Foulds
et al.,, 2014). Long-term e-cigarette users may be more addicted
than short-term users, and new e-cigarette models may be more
addictive than older models (Foulds et al., 2014). Otherwise, there
is little published information on the addictiveness of e-cigarettes.
Nevertheless, there is concern that some users may be addicted to
nicotine when it is delivered via e-cigarettes.

Consequently, the aims of this study were to describe levels of
dependence in users of e-cigarettes (current and former smokers),
and to compare them with dependence levels in former smokers
who used the nicotine gum and in cigarette smokers.

2. Materials and methods

We used comparisons to interpret dependence ratings. First,
daily vapers who were former smokers compared their current
level of dependence on e-cigarettes with their former level of
dependence on tobacco cigarettes. Second, we compared depend-
ence ratings in users of e-cigarettes with vs. without nicotine,
hypothesizing that dependence would be present in the former
only. Third, in former smokers, we compared dependence to the
e-cigarette in daily vapers with dependence to the nicotine gum in
daily users of the nicotine gum. Fourth, in daily e-cigarette users, we
compared dependence on the e-cigarette in former smokers and in
current smokers. Fifth, in daily smokers, we compared dependence
on the e-cigarette in daily vapers (dual users) with dependence on
tobacco cigarettes in two samples of daily smokers.

2.1. Participants

E-cigarette users: We collected data in e-cigarette users specif-
ically for this study. We posted a questionnaire on the smoking
cessation website Stop-tabac.ch, in English and French, between
October, 2012 and October, 2013. Links to the survey were
posted on health-related websites, smoking cessation websites,
and websites informing about e-cigarettes or selling them. Eligi-
ble participants consisted of adults (>18 years), daily vapers only.
E-cigarette use was assessed with the following question: “Are you
currently using the electronic cigarette?” followed by 4 response
options: “No, I have never used it”; “No, but I have used it in the
past”; “Yes, occasionally (not daily)”; “Yes, I use it every day”. The
study was approved by the ethics committee of the Geneva Univer-
sity Hospitals.

Nicotine gum users: Data for nicotine gum users were collected
on the Internet between 2004 and 2007, in English, on the smoking
cessation website Stop-tabac.ch (Etter, 2009a,b). We included only
the 451 former smokers who used the nicotine gum daily and had
not smoked in the past 7 days. Nicotine gum use was assessed with
the following question: “Do you currently use nicotine gums?” fol-
lowed by 4 response options: “Yes, I use them every day”; “Yes,
occasionally (not every day)”; “No, but I have used them in the
past”; “No, I never used them”.

Daily smokers: We included two samples of daily smokers as
comparison groups. We posted a questionnaire on the Internet from
2004 to 2007, in English, on the website Stop-tabac.ch. This survey
was answered by 2206 daily smokers (Courvoisier and Etter, 2008).
We also drew a representative (i.e., random) sample of 2000 people
aged 18+ years from the accessible part of the registry of residents
of Geneva, Switzerland, in 2006 (Etter, 2009a,b). We collected 1487
questionnaires by mail (76.5% of 1945 valid addresses). There were

391 smokers in this sample (26% of 1487), but only the 292 daily
smokers (75% of 391) were included in the present study.

2.2. Comparison of users of e-cigarettes with vs. without nicotine

We compared the 766 daily users of nicotine-containing e-
cigarettes with the 30 daily users of nicotine-free e-cigarettes.

2.3. Comparison of e-cigarette users with nicotine gum users

In former smokers, we compared the 911 daily e-cigarette users
with the 451 daily nicotine gum users. We also conducted this
comparison in the subset of long-term users (>3 months) of these
products, hypothesizing that dependence would be most apparent
in long-term users (Foulds et al., 2014). Statistical tests for these
comparisons were adjusted for age, sex, and duration of smoking
abstinence.

2.4. Comparisons of ex-smokers who used the e-cigarette daily
with daily dual users

We compared the 911 former smokers who used exclusively the
e-cigarette with the 125 daily e-cigarette users who also smoked
daily (daily dual users). Statistical tests for these comparisons were
adjusted for age and sex.

2.5. Comparisons of daily dual users with other daily smokers

We compared the 125 daily e-cigarette users who also smoked
daily (daily dual users) with the 2206 daily smokers in the Internet
sample and the 292 daily smokers in the general population sample.
We included a general population sample because all the Internet
samples were not representative of the average users of pyro-
cigarettes, e-cigarettes or nicotine gums. The comparison with the
general population provides the reader with a useful benchmark
that facilitates the interpretation of dependence ratings in the other
samples. Statistical tests for these comparisons were adjusted for
age and sex.

2.6. Assessment of dependence

There was no validated measure of dependence on the e-
cigarette or the nicotine gum at the time of data collection
(an e-cigarette dependence scale was published later) (Foulds
et al., 2014). For tobacco cigarettes, commonly used instruments
include the 6-item Fagerstrom test for nicotine dependence (FTND;
Heatherton et al., 1991), and the 19-item nicotine dependence
syndrome scale (NDSS), which has an Overall score and 5 sub-
scales: Drive (craving and withdrawal, and subjective compulsion
to smoke), Priority (preference for smoking over other reinforcers),
Tolerance (reduced sensitivity to the effects of smoking), Conti-
nuity (regularity of smoking rate), and Stereotypy (invariance of
smoking; Shiffman et al., 2004). A third instrument, the cigarette
dependence scale (CDS), is a brief (12 items), self-administered,
single-dimension measure that covers DSM-IV and ICD-10 criteria
of nicotine or tobacco dependence (Etter, 2008; Courvoisier and
Etter, 2010). We modified FTND, NDSS and CDS to assess depend-
ence on e-cigarettes. We labelled the modified scores e-FTND,
e-NDSS and e-CDS for e-cigarettes, and g-FTND, g-NDSS and g-CDS
for nicotine gum. For e-FTND and e-CDS, we used 10 puffs on e-
cigarettes as equivalent to one tobacco cigarette, because smokers
take about ten puffs from each cigarette (Etter and Perneger, 2001).
NDSS was not assessed in the population-based sample. We also
used other indicators of dependence: unsuccessful attempts to stop
using the product, perceived likeliness to succeed if they decided
to stop using each product (included because inability to stop is the
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core feature of dependence), perceived addiction to the e-cigarette
or nicotine gum compared with previous addiction to cigarettes.
FTND, CDS and NDSS were defined a priori as the primary meas-
ures of dependence, all the other indicators of dependence were
considered secondary. We also report reasons for using the product
(to deal with craving for tobacco, to quit smoking or avoid relapse,
to deal with non-smoking situations).

2.7. Statistical methods

We used t tests to compare means, Mann-Whitney U tests to
compare medians and chi-square tests to compare proportions.
For continuous variables, we used multivariate linear regression
models to adjust for confounding factors. For dichotomous vari-
ables, we used multivariate logistic regression models to adjust
for confounding factors. We used Holm-Bonferroni corrections for
multiple comparisons. In the tables, p-values that are statistically
significant after this correction are shown in bold type.

3. Results
3.1. Participation in the e-cigarette survey

We obtained 1640 responses but retained only the 1284 daily
vapers, including 125 daily smokers (dual users: daily e-cigarettes
and daily tobacco cigarettes), 1033 former smokers (911 exclusive
e-cigarette users who had not smoked any tobacco in the past 7
days, plus 122 recent quitters who had smoked in the past 7 days),
111 occasional smokers (dual users: daily e-cigarettes and occa-
sionally tobacco cigarettes), and 15 of undeclared smoking status.

Participants lived in France (36%), the USA (25%), Greece (5%),
Switzerland (3%), Belgium (3%), the UK (2%), Canada (2%) and other
countries (24%). Most participants were men (Table 1). The 911
exclusive e-cigarette users reported using e-liquid with nicotine
concentrations of 12 mg/ml on average, used refillable systems
(99%) rather that disposable models (1%), took 200 puffs per day on
their e-cigarette, took their first puff 32 min after waking, had been
using the e-cigarette for 5 months and had also quit smoking for 5

Table 1

months (medians). Twenty-three percent of exclusive e-cigarette
users had e-FTND scores >4, 21% had e-CDS scores >43 (i.e. scores
which reflect dependence; Etter, 2008), and 9% answered “very
true” to the question: “I use e-cigarettes because I am addicted to
them”. The 125 daily smokers (i.e. daily dual users) reported using
e-liquid with nicotine concentrations of 13 mg/ml on average, took
100 puffs per day on their e-cigarette, took the first puff on their e-
cigarette 30 min after waking up and had been using the e-cigarette
for 3 months (Table 1).

3.2. Comparison of levels of dependence when vaping vs. smoking

In the 911 former smokers who used e-cigarettes daily, 74%
rated their current dependence on e-cigarettes as “weaker” than
their prior dependence on tobacco cigarettes, 21% as “same” and
3% as “stronger” (Table 2). These 911 exclusive e-cigarette users
reported that when they were smoking tobacco cigarettes, they
smoked their first cigarette 23 min after waking, whereas they cur-
rently took their first puff on their e-cigarette 32 min after waking
(paired-samples t test: t=5.9, P<0.001). Exclusive e-cigarette users
rated their previous dependence on tobacco cigarettes at 90 on a
scale of 0-100, whereas they rated their current dependence on
e-cigarettes at 64 (paired-samples ¢ test: t=24.2, P<0.001).

Among the 125 daily smokers (daily dual users), 62% rated
their current dependence on e-cigarettes as “weaker” than their
current dependence on tobacco cigarettes, 28% as “same” and
3% as “stronger”. These dual users reported that they currently
smoked 11.7 cigarettes per day, compared to 23.3 cigarettes per
day before they started to use e-cigarettes (paired-samples t test:
t=8.3,P<0.001).

3.3. Comparison of e-cigarette users with vs. without nicotine

In the daily e-cigarette users who answered all the ques-
tions in this analysis (n=796, comprising daily, occasional and
former tobacco smokers), users of nicotine-containing e-cigarettes
(n=766) reported taking 80 more puffs per day of their e-cigarettes
than users of no-nicotine e-cigarettes (n =30); they also had higher

Dependence on e-cigarette or nicotine gum in former smokers, and dependence on tobacco cigarette in two samples of daily smokers enrolled on a stop smoking website

and in the general population.

Former smokers

Daily smokers

Former smokers Daily e-cig users  Daily smokers

Daily gum Daily e-cig  Daily e-cig  Internet Gen. Gum users Former E-cig E-cig users
users users users popul. vs. e-cig smokers vs. users vs. vs. general
users daily smokers Internet popul.
N participants 451 911 125 2206 292 Pvalue Pvalue Pvalue Pvalue
Age (mean) 44.7 40.9 44.6 37.8 40.1 0.001 0.001 <0.001 0.001
Men (%) 38.6 68.9 57.1 36.8 58.4 0.001 0.010 <0.001 0.8
Days since quit smoking (median) 379 147 - - - <0.001 - - -
Duration of use of [product] (days, 365 152 91 - - <0.001 0.019 - -
median)
Minutes to first cigarette of the day, - - 349 411 93.3 - - 0.86 <0.001
mean
Minutes to 1st gum or 1st e-cig of 59.7 32.1 41.0 - - <0.001 0.12 - -
the day
Cigarettes/day, mean - - 11.7 203 16.2 - - <0.001 <0.001
Puffs per day on e-cigs, mean - 217 140 - - - 0.001 - -
Self-rated addiction to [product] on 70.6 63.7 449 84.5 68.6 0.33 <0.001 <0.001 <0.001
a scale of 0-100 (mean)
CDS (e-CDS, g-CDS), mean 41.1 335 27.5 48.1 36.9 <0.001 <0.001 <0.001 <0.001
FTND (e-FTND, g-FTND), mean 34 39 32 4.7 3.2  <0.001 0.013 <0.001 0.94
NDSS (e-NDSS, g-NDSS) Overall -0.45 -1.21 -1.33 -0.26 - <0.001 0.19 <0.001 -
NDSS Drive -0.12 -1.13 -1.27 0.40 - <0.001 0.28 <0.001 -
NDSS Priority -0.71 -0.73 -0.69 -0.29 - 0.73 0.59 <0.001 -
NDSS Tolerance -0.84 -1.15 -0.98 -0.48 - 0.022 0.16 0.007 -
NDSS Continuity 0.11 -0.87 -0.68 -0.69 - <0.001 0.34 0.31 -
NDSS Stereotypy 0.60 -0.13 —0.18 0.13 - <0.001 0.60 0.009 -

FTND: range 0 to 10; CDS: range 12 to 60; NDSS: range —4 to +4. Bold: statistically significant values after Holm-Bonferroni adjustment.
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Table 2
Other indicators of dependence on e-cigarette or nicotine gum in former smokers, and dependence on tobacco cigarettes in two samples of daily smokers.
Former smokers Daily smokers Former smokers Daily e-cig users  Daily smokers
Daily Daily Daily Internet  Gen. Gum users Former E-cig users E-cig users
gum e-cig e-cig popul.  vs.e-cig smokers vs. vs. Internet  vs. general
users users users users daily smokers popul.
N participants 451 911 125 2206 292 P value Pvalue Pvalue Pvalue
[ am a prisoner of [product] (% fully 411 6.2 3.6 57.2 27.7 <0.001 0.003 <0.001 <0.001
agree)
Stopping [product] would be: (% very 44.9 29.2 211 65.1 28.8 0.20 0.001 <0.001 <0.001
difficult/impossible)
Serious attempt to stop [product] in 27.7 1.3 53 52.5 31.8 <0.001 0.03 <0.001 0.001
past 12 m (yes, %)
Likely to succeed if decided to stop 28.8 329 39.0 36.1 - 0.82 0.09 0.89 -
using [product] (%)
Perceived addiction to e-cigs/gums, 35.5 23.6 31.0 - - <0.001 0.18 - -
compared with previous addiction to
cigarettes (same or stronger, %)
Reasons for use:
Use e-cig/gum because is addicted to it 68.8 46.1 20.7 - - <0.001 <0.001 - -
(%)
Use e-cig/gum to deal with craving for 60.6 87.4 90.6 - - <0.001 0.51 - -
tobacco (%)
Use e-cig/gum to quit smoking or avoid 67.8 96.1 75.4 - - <0.001 <0.001 - -
relapse (%)
Use e-cig/gum to deal with situation 26.6 43.6 66.6 - - <0.001 0.003 - -
where can’t smoke (%)
I fear that I will start smoking again if [ 57.7 75.4 - - - <0.001 - - -
stopped vaping/using nicotine gums
(%)
Bold: statistically significant values after Holm-Bonferroni adjustment.
Table 3
Characteristics of current and former smokers who used the e-cigarette daily, with or without nicotine, Internet, 2012-2013.
E-cig with nicotine E-cig without nicotine Pvalue
Number of participants 766 30
Age (mean) 41.7 471 0.008
Men (%) 64.5 60.7 0.68
Former smokers (%) 83.2 80.0 0.75
In current smokers, cig./day (median) 4 15 0.10
In former smokers, time since quit smoking (days, median) 142 123 0.86
Duration of current episode of use (days, median) 152 91 0.48
Puffs per day on e-cigs (median) 170 90 <0.001
Throat hit of current e-cig is “strong” (%) 42.0 13.7 <0.001
Minutes to 1st e-cig of the day, median 20 30 0.039
FTND-e-cig 39 25 <0.001
FTND e-cig score >5 36.7 20.0 0.06
CDS-e-cig 33.2 27.8 0.017
NDSS-e-cig: Overall -1.2 -1.5 0.12
NDSS-e-cig: Drive -1.1 -1.7 0.019
NDSS-e-cig: Priority -0.7 -0.7 0.98
NDSS-e-cig: Tolerance -1.1 -0.8 0.09
NDSS-e-cig: Continuity -0.9 -1.1 0.35
NDSS-e-cig: Stereotypy -0.2 -04 0.29
Stopping using the e-cig would be “very difficult” + “impossible” (%) 28.2 14.8 0.010
Made a serious attempt to stop using e-cig in past 12 months (%) 1.5 7.4 0.018
Intention to stop using e-cig in next 6 months 8.2 30.9 0.002
If decided to stop e-cig, unlikely to succeed (%) 30.7 14.8 0.08
Feels the urge to smoke while vaping (%) 119 32.1 0.016
Easy to abstain from smoking when vaping (%) 89.6 79.3 0.019
Reasons for use (% very +extremely true)
Because I am addicted to the e-cig 8.4 0 0.13
To deal with my cravings for cigarettes 64.7 59.3 0.88
To quit smoking or avoid relapsing 81.8 79.3 0.53
Because I enjoy it 55.4 35.7 0.002
Reasons for NOT stopping e-cigarette (% agree)
I am a prisoner of the e-cig 26.9 18.5 0.07
[ am unable to stop vaping 27.5 14.8 0.10

Bold: statistically significant values after Holm-Bonferroni adjustment.
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e-FTND scores (Table 3). Users of nicotine e-cigarettes were also
more likely to say that the “throat hit” of their e-cigarette was
“strong”, more likely to report that they enjoyed vaping, and were
less likely to intend to stop vaping (Table 3).

3.4. In former smokers, comparison of users of e-cigarette vs.
nicotine gum

In former smokers, e-FTND scores in exclusive e-cigarette users
were slightly higher than g-FTND scores in exclusive nicotine
gum users. The difference was mainly due to the shorter interval
between waking and first use in vapers than in gum users (Table 1).
In former smokers, e-CDS ratings in exclusive e-cigarette users
were 7.6 points lower than g-CDS ratings in exclusive gum users
(this difference amounts to half a standard deviation on this scale).
In former smokers, e-NDSS ratings in exclusive e-cigarette users
were 0.3 to 1 point lower than g-NDSS ratings in exclusive gum
users (these differences amount to about half a standard deviation
of these scales), except there was no difference for the NDSS Priority
and Tolerance subscales.

In the subsample of long-term users (>3 months) of these prod-
ucts, e-CDS ratings in e-cigarette users were 13 points lower (that
is, about one standard deviation) than g-CDS ratings in gum users,
and e-NDSS ratings in e-cigarette users were 0.6 to 1.6 points lower
(that is, about one standard deviation) than g-NDSS ratings in gum
users. There was no difference in e-FTND/g-FTND scores in long-
term users. Long-term users of the e-cigarette (11.4%) were also
much less likely than long-term users of the gum (82.8%) to report
they used these products because they were addicted to them, and
that they had unsuccessfully tried to stop using these products in
the previous 12 months (Table 4). In the subsample of short-term
users (<3 months) of these products, there were few differences in
dependence ratings between e-cigarette users and gum users.

3.5. In daily e-cigarette users, comparison of former smokers with
daily smokers (dual users)

Indaily users, former smokers took more puffs of vapour per day,
they had higher e-CDS scores than daily smokers, but there was no
significant difference for e-FTND and e-NDSS scores. Former smok-
ers were also more likely than dual users to say that stopping vaping
would be difficult, and that they used the e-cigarette because they
were dependent on it (Tables 1 and 2).

3.6. In daily smokers, comparison of e-cigarette users (dual users)
vs. other smokers

In daily smokers, e-FTND scores in dual users were similar to
FTND scores in the general population sample, but were 1.5 point
lower that FTND scores in smokers in the Internet sample (this rep-
resents 0.7 standard deviation on the FTND scale) (Table 1). In daily
smokers, e-CDS ratings in dual users were 9 to 20 points lower than
CDS ratings in the two other samples of daily smokers (these differ-
ences amount to one to two standard deviations on this scale). In
daily smokers, e-NDSS ratings in dual users were 0.3 to 1.6 points
lower than NDSS ratings in daily smokers in the Internet sample
(these differences amount to about half a standard deviation on
these scales), except there was no difference for the NDSS Tolerance,
Continuity and Stereotypy subscales.

In daily smokers, vapers (dual users) rated their dependence on
e-cigarettes lower (44.9 on a scale of 0 to 100) than smokers rated
their dependence on tobacco cigarettes (68.6 to 84.5 on a scale of
0 to 100, both P<0.001) (Table 1). In daily smokers, the reported
interval between waking up and smoking was 58 min shorter in
e-cigarette users than in smokers in the general population sample
(Table 1). Among daily smokers, cigarette consumption was lowest

(11.7 cig./day) among dual users of e-cigarettes and tobacco
cigarettes, compared with the two other groups of daily smokers.

4. Discussion

We used several methods to assess dependence on e-cigarettes:
we used adapted versions of widely used dependence scales, we
asked vapers to compare their dependence on e-cigarettes with
their current or past dependence on tobacco cigarettes, and we
compared dependence ratings in vapers, nicotine gum users and
tobacco smokers. Overall, our results were convergent across meas-
ures and comparisons, and suggested that e-cigarettes are less
addictive than tobacco cigarettes, a result congruent with the liter-
ature (Farsalinos et al.,2013a,b; Goniewicz et al.,2013; Foulds et al.,
2014). Our results also suggest that the e-cigarettes used by partic-
ipants in this study were either as addictive or less addictive than
the nicotine gum, which itself is not very addictive (Hughes, 1989;
Shiffmanetal.,2003). Nevertheless, some vapers may be dependent
on nicotine when used in e-cigarettes. They probably were already
dependent on nicotine when they started vaping, and most of them
declared that they vaped to avoid relapsing to smoking.

Even though some vapers use e-cigarettes for long periods of
time, it must be emphasized that there is no known adverse conse-
quence of e-cigarette use (Hajek etal.,2014), except for the financial
cost and the annoyance of permanent vaping. Thus, the potential
benefits of long-term vaping (i.e., to prevent relapse to smoking)
most probably outweigh the drawbacks as we know them today.
As a comparison, even though some users of the nicotine gum use
this product compulsively, sometimes for several months or years
(Etter, 2007, 2009a), long-term use of the gum is not perceived as a
public health problem. Use of the nicotine gum over several years
is not known to carry any health risks (Murray et al., 1996; Murray
et al., 2009), but the implications of long-term vaping to individual
health are uncertain at this time. At the population level, the risks
of e-cigarettes depend on various factors that need to be assessed
in the long term, including the impact on smoking initiation and
smoking cessation rates.

One third of smokers who have been abstinent for 12 months
will eventually relapse to smoking during the following years (Etter
and Stapleton, 2006). Because long-term use of e-cigarettes may
prevent late relapse, these products could help preserve the health
of former smokers, so long as they do not themselves carry as yet
undocumented long-term health risks. Prevention of relapse was a
frequently cited reason for long-term vaping in our sample.

4.1. Dual use

Dual use of e-cigarettes and cigarettes is considered by some
as an additional risk for smokers (Lee et al, 2014). Our data
showed that after they started to vape, dual users cut by half their
cigarette consumption. Dual users also rated their dependence on
e-cigarettes as weaker than their dependence on cigarettes. Dual
users were also less dependent on e-cigarettes than former smok-
ers. However, our data provide no information on the impact of
dual use on quit attempts and the duration of smoking.

4.2. No-nicotine e-cigarettes

As in a previous report, users of no-nicotine e-cigarettes were
less dependent than users of nicotine-containing e-cigarettes,
(Foulds et al., 2014). Our data also suggest that nicotine is an
important determinant of the “throat hit” (Farsalinos et al., 2014).
However, our analysis lacked statistical power to detect the effects
of nicotine in e-cigarettes.
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Table 4
Characteristics of former smokers who used the e-cigarette or the nicotine gum daily, according to the duration of product use, Internet, 2004-2013.
Used e-cig Used e-cig P-value Used gum Used gum P-value Pvalue e-cig Pvalue e-cig
for <3 for >3 e-cig <3m for <3 for >3 gum <3 m vs. gum <3 vs. gum >3
months months vs.>3m months months vs. >3 m months months
Number of participants 244 331 152 295
Men (%) 63.2 67.2 0.3 41.2 36.8 0.32 <0.001 <0.001
Age (median) 40 42 0.07 38.0 47.0 <0.001 0.49 0.016
Time since they quit smoking (days, 77 520 <0.001 15 960 <0.001 0.38 <0.001
median)
Duration of current episode of e-cig or 49 365 <0.001 14 730 <0.001 0.006 <0.001
gum use (days, median)
Minutes to 1%t puff on e-cig or to 15¢ 20 15 0.16 60 20 <0.001 <0.001 0.016
gum of day - median
- mean 38.2 27.8 0.015 110.0 34.6 <0.001 <0.001 0.016
Made a serious attempt to stop using 0.9 13 0.7 12.9 37.2 <0.001 0.011 <0.001
e-cig or nicotine gum in past 12
months (%)
FTND-e-cig or FTND-gum 3.7 4.1 0.009 2.0 4.0 <0.001 <0.001 0.61
CDS-e-cig or CDS-gum 32.7 34.1 0.19 284 47.0 <0.001 0.37 <0.001
NDSS-e-cig or NDSS-gum: Overall -1.2 -1.2 0.55 -1.5 0 <0.001 0.27 <0.001
NDSS-e-cig or NDSS-gum: Drive -1.1 -1.2 0.19 -1.2 0.4 <0.001 0.91 <0.001
NDSS-e-cig or NDSS-gum: Priority -0.8 -0.7 0.05 -0.7 -0.7 0.67 0.38 0.71
NDSS-e-cig or NDSS-gum: Tolerance -1.2 -1.1 0.37 -14 -0.5 <0.001 0.034 <0.001
NDSS-e-cig or NDSS-gum: Continuity -0.9 -0.9 0.91 -0.2 0.7 <0.001 <0.001 <0.001
NDSS-e-cig or NDSS-gum: Stereotypy -0.2 -0.1 0.92 -0.1 0.9 <0.001 0.11 <0.001
Addiction to e-cig or to nicotine gum 26.4 21.8 0.25 9.0 49.5 <0.001 <0.001 0.12
compared with former addiction to
cigarettes (% “same” or “stronger”)
If you decided to stop vaping/to stop all 30.8 329 0.45 16.1 42.7 <0.001 0.07 0.21
NRTs, likely to succeed? (% not
likely)
Reasons for using the e-cig or gum (%
very true)
To deal with nicotine withdrawal 68.7 59.9 0.20 72.8 59.6 0.001 0.046 <0.001
symptoms
To quit smoking or avoid relapsing to 87.7 85.2 0.09 92.3 42.0 <0.001 0.66 <0.001
smoking
Because I am addicted to the e-cig/to 8.0 114 <0.001 6.8 82.8 <0.001 <0.001 <0.001
the gum

Bold: statistically significant values after Holm-Bonferroni adjustment.

4.3. Gum users

A comparison with users of the nicotine gum is useful because
e-cigarettes are used somewhat like nicotine gums, as nicotine
replacement tools (Etter and Bullen, 2011a,b), and because long-
term, compulsive use of the nicotine gum has been reported in
a minority of gum users (Etter, 2007, 2009a). As explained in a
previous study using the same data, long-term use of the nicotine
gum in this sample was largely due to compulsive use or depend-
ence, rather than to recreational use or relapse prevention (Etter,
2009a). In contrast, in our data, in exclusive e-cigarette users, the
association between long-term use of the e-cigarette and indi-
cators of dependence was less evident. Among former smokers,
most long-term vapers used e-cigarettes for reasons other than
dependence, in particular to avoid relapsing to smoking. Vapers
also vape to decrease health risks and because vaping is cheaper
than smoking (Etter and Bullen, 2011a,b,). Thus, compulsive use
and dependence were much more frequent in long-term users of
nicotine gum than in long-term vapers. The dependence criterion
of unsuccessful attempts to stop using the product was rare among
vapers, compared with nicotine gum users. These results suggest
either that current models of e-cigarettes are less addictive than
the nicotine gum (even refillable tank systems, used by almost all
of our participants), or that reasons for using each product dif-
fer across products. However, our samples of vapers and nicotine
gum users should be compared with caution, because they dif-
fered on several aspects. For instance, it is possible that long-term
gum users were more dependent on nicotine than long-term e-
cigarette users, even before they started to use these products (Silla

et al., 2014). Assessments of the dependence potential of nicotine
medications and e-cigarettes in comparable samples of users are
warranted.

4.4. Study strengths and limitations

Strengths of the study include a large, international sample of
long-term users of e-cigarettes, the use of multiple dependence
measures, the multiple comparison groups, and the convergent
results across analyses.

The patterns of e-cigarette use in this study were compa-
rable to patterns observed in previous studies of vapers: 120
puffs/day (Etter and Bullen, 2011a,b); 175 puffs/day (Etter, 2010);
200 puffs/day (Etter and Bullen, 2011a,b; Foulds et al., 2011); 235
puffs/day (Dawkins et al., 2013); 4 ml e-liquid per day (Farsalinos
et al., 2013a,b). This suggests that participants in this study were
not particularly intensive users and that our results are gen-
eralizable to most daily vapers. However, the samples used as
comparison groups (nicotine gum users, smokers) were collected
in different surveys at different times using different enrollment
methods, and the statistical adjustments may not have compen-
sated for all the differences between these groups. Therefore, these
comparisons, although informative, should be interpreted with
caution.

Importantly, this study should not be interpreted as a preva-
lence study, and our results should not be extrapolated to other
populations. However, our aim was not to produce prevalence esti-
mates, but to assess whether dependence criteria were present in
e-cigarette users.



74 J.-F. Etter, T. Eissenberg / Drug and Alcohol Dependence 147 (2015) 68-75

One limitation is that we did not proceed to a psychometric vali-
dation of the versions of the dependence scales adapted for the
e-cigarette and nicotine gum. In particular, we arbitrarily used 10
puffs on e-cigarettes as equivalent to one tobacco cigarette, because
smokers also take about 10 puffs per cigarette (Etter and Perneger,
2001). Furthermore, many items in NDSS, CDS and FTND are not
well suited for e-cigarettes (e.g., use despite risks). Thus, the com-
parison of scores for these scales across different products must be
interpreted with caution.

It is unclear why there were more men than women in our sam-
ple of e-cigarette users, since such differences are not consistently
observed in surveys of vapers conducted in the general population
(Hajek et al., 2014). Technology is rapidly progressing and future
models may deliver nicotine more efficiently than those available
to participants in this study. If future models are able to deliver nico-
tine with the dose and speed of tobacco cigarettes (Spindle et al.,
2014), then nicotine dependence among e-cigarette users may mir-
ror that of cigarette smokers. Thus, dependence assessment among
e-cigarette users is a moving target that will require methods that
are sensitive to the evolving nature of these devices.

4.5. Conclusions

Some e-cigarette users were dependent on nicotine when used
in e-cigarettes, but these products were less addictive than tobacco
cigarettes. E-cigarettes may be as addictive or less addictive than
the nicotine gum, which itself is not very addictive.
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