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Abstract
The purpose was to examine the association between e-cigarette use and smoking cessation according to quit duration in Greece
in 2017. A cross-sectional survey of a representative sample of adults living in Attica prefecture was performed in May 2017
through telephone interviews. The present analysis was confined to current and former smokers (n = 2568). Logistic regression analyses were performed with current and current daily e-cigarette use being the dependent variables and demographics
and smoking status (current smokers vs smoking cessation for ≤ 12 months, 13–36 months, 36–72 months, and > 72 months)
being independent variables. Almost half of former smokers (47.7%) had quit smoking for ≤ 72 months. Current e-cigarette
use was more prevalent among former smokers of ≤ 12 months (26.2%) and 13–36 months (27.0%), and was rare among former smokers of > 72 months (1.0%). Current e-cigarette use was strongly associated with smoking cessation for ≤ 12 months
(OR 6.12, 95% CI 4.11–9.10, P < 0.001) and 13–36 months (OR 6.28, 95% CI 4.25–9.28, P < 0.001). Current daily e-cigarette
use was also strongly associated with smoking cessation for ≤ 12 months (OR 10.41, 95% CI 6.56–16.53, P < 0.001) and
13–36 months (OR 11.18, 95% CI 7.12–17.55, P < 0.001). Current and current daily e-cigarette use were not significantly
associated with smoking cessation for 37–72 months, and were negatively associated with smoking cessation for > 72 months.
Current and current daily e-cigarette use are strongly associated with recent smoking cessation in Greece, suggesting a positive
public health impact in a country with the highest prevalence of smoking in the European Union. E-cigarettes do not appear
to promote relapse in long term former smokers. Duration of smoking cessation and frequency of e-cigarette use should be
taken into consideration when examining the association between e-cigarette use and smoking cessation in population studies.
Keywords Electronic cigarettes · Smoking · Smoking cessation · Nicotine · Greece

Introduction
The rapid growth in awareness and use of electronic cigarettes (e-cigarettes) in recent years has generated substantial
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controversy within the public health community. One of
the issues that has divided scientists is whether e-cigarette
use promotes or prevents smoking cessation, with studies
showing conflicting results [1]. Randomized-controlled trials have shown that e-cigarettes have no or at best modest
positive effects on smoking reduction and cessation [2–5],
while cohort studies have shown conflicting results [6–8].
Many studies have been criticized for suffering from limitations and bias that compromise the validity of the outcome
[9]. In addition, e-cigarette use represents a behavioral intervention and a lifestyle change, related to the substitution
of a habit (smoking) with another, similar in rituals, habit
(e-cigarette use), with the product choice and use patterns
for the latter being based on self-preference and satisfaction
[10]. Therefore, the conventional research methodologies,
which are mostly suitable for pharmacological interventions,
may be inappropriate to realistically determine the effects
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of e-cigarettes on smoking cessation. Considering these
limitations, a potentially important tool for monitoring the
public health impact of e-cigarettes is to record the population use of e-cigarettes, specifically the patterns of use, use
by smokers vs. never smokers, and the association between
e-cigarette use and the smoking status of users.
Greece is a country with high prevalence of smoking.
The 2017 Eurobarometer survey reports that Greece has the
highest prevalence of smoking in the European Union (EU)
among people aged ≥ 15 years, at 37% [11]. A recent study
by our group reports a smoking prevalence of 32.6% among
adults in the largest prefecture in Greece [12]. Although the
country follows the EU directives on tobacco control and
introduced smoking bans and tax increases on tobacco products in 2009, the tobacco control efforts have stalled in the
years of fiscal crisis [13]. No country-wide anti-smoking
campaigns have been organized in recent years, the public place smoking bans are not strongly enforced and, as a
result, Greece is ranked 31st among 35 European countries
in the Tobacco Control Scale [14]. E-cigarettes are available in Greece, in both retail stores and online, and became
popular since 2010–2011. The EU 2014 Tobacco Products
Directive on these products was implemented into national
legislation in 2016 together with an additional measure of
banning use in closed public places. A recent populationrepresentative study reported that 5.0% of the adult Greek
population are current e-cigarette users, with the vast majority of them (98.5%) being current and former smokers [12].
The present study expands on the previous analysis by examining the association between e-cigarette use and smoking
cessation among participants with a history of smoking, with
a particular focus on the timing of smoking cessation.

Methods
Design, setting, and participants
The study design and methodology has been previously presented [12]. In brief, Computer-Assisted Telephone Interviews (CATI) were performed in May 2017 in a sample of
4058 respondents aged ≥ 18 years. The population of the
survey was inhabitants in the Attica prefecture, which hosts
35% of the total adult population of Greece according to
Census 2011 (http://www.statistics.gr/en/2011-census-pophous). The sample was representative of the prefecture of
Attica population, with all registered landline phone numbers being used as the sampling frame. The sample design
was stratified random sampling. Further post-survey adjustment weights were applied to depict sample composition as
the actual population demographics.
The study was approved by the ethics committee
of the Onassis Cardiac Surgery Center (reference nr:
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591/14.12.16). All participants provided verbal consent at
the beginning of the interview to participate to this study.

Definitions and measurements
Sociodemographic factors
The age of the participants was coded into five categories
(18–24, 25–39, 40–54, and 55 years and older). Education
was coded as “high school or less”, “technical education”,
“university education”, and “postgraduate education”.
Marital status was categorized as “single”, “married/living with a partner”, and “widowed/divorced”. The selfassessed financial status of participants was recorded, with
response options being “We are unable to cope with our
household finances” (very bad financial situation), “We are
able to cope with our household finances, but with a lot of
difficulties” (bad financial situation), “We are able to cope
with our household finances, but without the ability to save
a lot of money (not good financial situation), and “We
don’t have financial problems” (good financial situation).

Smoking and e‑cigarette use
Participants were classified according to their smoking
status as current smokers, former smokers, and never
smokers. The present study analyzed current and former
smokers only. For former smokers, a question was asked
to determine the duration of smoking cessation: “How
many months ago did you quit smoking?” The number
of months was recorded according to self-recollection
and the responses were subsequently recoded as smoking
cessation for ≤ 12 months, 13–36 months, 37–72 months,
and > 72 months. The classification was based on the fact
that e-cigarettes became popular in Greece starting in
2010–2011.
E-cigarette awareness was assessed by asking: “Have
you ever heard of e-cigarettes?” Participants who were
not aware of e-cigarettes were classified as never e-cigarette users and were included in the analysis. Current
e-cigarette use status was assessed by asking: “Regarding
the use of e-cigarettes which of the following statements
applies to you?” Response options were: “I currently use
e-cigarettes” (current use), “I used them in the past, but no
longer use them” (past use), and “I tried them in the past
only once or twice” (past experimentation) and “I have
never used them” (never use). Current users were asked to
report whether they were using e-cigarettes daily (current
daily e-cigarette use) or occasionally.
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Statistical analysis
All values were presented as weighted proportions with
95% confidence intervals (CI). The analyses were performed among current and former smokers. Demographic
characteristics of the two groups were compared using
crosstabulations and Pearson’s Chi-square test. Current
and current daily e-cigarette use frequency was compared
between smoking status groups using crosstabulations and
Pearson’s Chi-square test with post hoc comparisons (z test)
with Bonferroni correction. Two separate logistic regression
analyses were performed to assess the association between
current e-cigarette use and smoking cessation (reported as
OR, 95% CI). The dependent variable was current vs. all
other use (which included past use, past experimentation,
and never use) in one model and current vs. never e-cigarette
use in the other model (participants reporting past use and
past experimentation were excluded). Similarly, two logistic
regression analyses assessed the association between current daily e-cigarette use (current daily vs. all other use in
one model and current daily vs. never use in the other) and
smoking cessation. In all models, independent variables
included demographics (age, gender, education, financial
status, and marital status) and smoking status. For the latter
variable, current smoking was coded as 1 (referent), smoking cessation for ≤ 12 months as 2, smoking cessation for
13–36 months as 3, smoking cessation for 37–72 months as
4, and smoking cessation for > 72 months as 5. Additional
logistic regression analyses were performed without classifying former smokers according to duration of smoking
cessation; the smoking status was introduced as independent variable with current smoking coded as 1 and former
smoking coded as 2. The purpose of this analysis was to
identify how the results are affected when the duration of
quitting is not included in the models. Demographics were
also included as independent variables in these models, but
ORs are presented only for the smoking status. All analyses
were weighted and were performed with commercially available software (SPSS v.25.0, Chicago, IL, USA).

Results
Smoking and e‑cigarette use in the population
of Attica
The demographic characteristics of the two groups are
presented in Table 1. From 4058 participants in the study,
2568 subjects (1287 former smokers and 1281 current smokers) were analyzed. More former smokers were males, and
> 55 years old and fewer were single compared to current
smokers. Approximately half of former smokers reported
having quit > 72 months from the time of the survey. Of

those who had quit for ≤ 12 months, 59.4% (95% CI
52.7–66.1%) had quit for ≥ 6 months.
Table 2 presents the patterns of e-cigarette use among
current and former smokers, with the data on former smokers presented according to the duration of smoking cessation.
Statistically significant differences were observed in current e-cigarette use prevalence between groups (P < 0.001).
Approximately 1 out of 20 current smokers were current
e-cigarette users. In contrast, more than one out of four former smokers of ≤ 12 months and 13–36 months were current e-cigarette users. E-cigarette use was rare among former
smokers of > 72 months. From post hoc analysis (z test),
current e-cigarette use was significantly more prevalent in
former smokers of ≤ 12 and 13–36 months compared to all
other groups, and was least prevalent in former smokers of
> 72 months (P < 0.001 for all).
Figure 1 displays the prevalence of current daily e-cigarette use according to the smoking status. The findings were
similar to current e-cigarette use, with post hoc analysis,
showing that current daily e-cigarette use was significantly
more prevalent in former smokers of ≤ 12 and 13–36 months
compared to all the other groups (P < 0.001). It was least
prevalent in former smokers of > 72 months, although no
statistically significant difference was observed between this
group and current smokers.
Table 3 presents the logistic regression analyses for current e-cigarette use. Current e-cigarette use was positively
associated with smoking cessation irrespective of quitting
duration. When former smokers were sub-classified according to quitting duration, current e-cigarette use was associated with approximately sixfold higher chance of smoking
cessation for ≤ 12 months and 13–36 months compared to
any other pattern of e-cigarette use (including never use).
Compared to never e-cigarette users, current e-cigarette use
was associated with approximately fivefold and fourfold
higher chance of smoking cessation for ≤ 12 months and
13–36 months, respectively. In contrast, current e-cigarette
users were significantly less likely to be former smokers of
> 72 months.
Table 4 presents the logistic regression analyses for current daily e-cigarette use. The findings were similar to current e-cigarette use, but stronger associations were observed.
When former smokers were sub-classified according to quitting duration, current e-cigarette use was associated with
approximately tenfold higher chance of smoking cessation
for ≤ 12 months and elevenfold higher chance of smoking
cessation for 13–36 months compared to any other pattern of
e-cigarette use (including never use). A negative association
was found between current daily e-cigarette use and smoking
cessation for > 72 months.
Other factors that were associated with current and
current daily e-cigarette use included gender and age. A
consistent positive association between e-cigarette use and
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Table 1 Demographics of
current and former smokers
participating to the study

Characteristic
Gender
Males
Females
Age
18–24
25–39
40–55
> 55
Education
High school or less
Technical education
University education
Postgraduate education
Residence
Athens
Piraeus
Eastern Attica
Western Attica
Marital status
Single
Married/living with partner
Divorced/widowed
Financial self-assessment
Very bad/bad
Not good
Good
Smoking cessation (months)
≤ 12
13–36
37–72
> 72

Current smokers (n = 1281)

Former smokers (n = 1287)

51.4% (48.7–54.1%)
48.6% (45.9–51.3%)

56.3% (45.5–59.1%)
43.7% (40.9–46.5%)

0.013

7.1% (5.7–8.5%)
32.5% (30.0–35.0%)
31.8% (29.3–34.3%)
28.5% (26.1–30.9%)

4.2% (3.1–5.3%)
21.9% (19.6–24.2%)
28.6% (26.0–31.2%)
45.3% (42.5–48.1%)

< 0.001

38.2 (35.6–40.8%)
11.6% (9.9–13.3%)
40.4 (37.8–43.0%)
9.5% (7.9–11.1%)

37.1% (34.4–39.8%)
9.4% (7.7–11.1%)
43.5% (40.7–46.3%)
9.6% (7.9–11.3%)

0.212

70.6% (68.1–73.1%)
11.9% (10.2–13.6%)
11.2% (9.5–12.9%)
5.3% (4.1–6.5%)

69.2% (66.6–71.8%)
11.7% (9.9%–13.5%)
12.8% (10.9–14.7%)
4.6% (3.4–5.8%)

0.306

35.6% (33.0–38.2%)
53.2% (50.5–55.9%)
10.4% (8.8–12.0%)

22.5% (20.1–24.9%)
65.3% (65.6–68.0%)
11.4% (9.6–13.2%)

< 0.001

39.8% (37.2–42.4%)
47.9% (45.2–50.6%)
10.7% (9.0–12.4%)

40.2% (37.4–43.0%)
46.9% (44.1–49.7%)
10.6% (8.9–12.3%)

0.936

P

17.1% (15.0–19.2%)
17.6% (15.4–19.8%)
13.0% (11.1–14.9%)
52.3% (49.5–55.1%)

Values are weighted proportions (95% CI)

Table 2 Patterns of e-cigarette use among current former smokers according to duration of smoking cessation
E-cigarette use

Current smokers
(n = 1281)

Current users
5.5% (4.3–6.7%)
Past users
24.0% (21.7–26.3%)
Past experimenters 24.6% (22.3–26.9%)
Never users
45.9% (43.2–48.6%)

Former smokers (n = 1287)
≤ 12 months (n = 182) 13–36 months (n = 188) 37–72 months (n = 158) > 72 months (n = 759)
26.2% (20.2–32.2%)
17.5% (12.3–22.7%)
16.0% (11.0–21.0%)
40.3% (33.6–47.0%)

27.0% (21.0–33.0%)
10.4% (6.3–14.5%)
12.3% (7.8–16.8%)
45.8% (39.0–52.6%)

5.1% (1.6–8.6%)
9.6% (5.0–14.2%)
5.1% (1.6–8.6%)
79.5 (73.1–85.9%)

1.0% (0.2–1.8%)
0.8% (0.1–1.5%)
3.0% (1.7-4.3%)
94.9% (93.2–96.6%)

Values are weighted proportions (95% CI)

male gender was found in all models. Age groups 18–24
and 25–39 years were more likely to be current and current
daily e-cigarette users compared to age group ≥ 55 years.
No association was found between e-cigarette use and education, marital status, and financial situation.
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Current daily e-cigarette use
30%

25.7%
25%

23.4%

20%

15%

10%

5.1%
5%

3.0%

1.0%
0%
Current smokers

Former smokers
≤ 12 months

Former smokers
13-36 months

Former smokers
37-72 months

Former smokers
> 72 months

cessation and quit duration in Greece. The study identifies
a strong positive association between current e-cigarette
use and recent smoking cessation (≤ 36 months). In contrast, a negative association is observed with smoking cessation of > 72 months. The study also shows the importance of considering duration of smoking cessation in
accurately identifying the association between e-cigarette
use and smoking cessation.
It is noteworthy that almost half of former smokers in
the study sample had quit smoking over the past 72 months
and approximately one-third had quit in the last 3 years. A
study of a population-representative sample in the United
States (US) found that 22.1% of former smokers had

Fig. 1 Current daily e-cigarette use according to the smoking status
of participants
Table 3 Logistic regression
analyses to identify the
association between current
e-cigarette use and smoking
cessation

Correlates

Current e-cigarette use (vs. all
others)

Current e-cigarette use (vs.
never)

OR (95% CI)

P

OR (95% CI)

< 0.001

1.40 (1.01–1.93)

0.043

< 0.001
< 0.001
0.837
< 0.001

5.27 (3.41–8.16)
4.16 (2.74–6.34)
0.52 (0.24–1.13)
0.11 (0.05–0.25)

< 0.001
< 0.001
0.100
< 0.001

0.373
0.022
0.879

2.95 (1.31–6.60)
2.37 (1.45–3.86)
1.24 (0.78–1.96)

0.009
0.001
0.367

0.016

1.50 (1.07–2.11)

0.020

0.802
0.067
0.606

1.06 (0.61–1.82)
0.69 (0.47–1.02)
1.07 (0.58–1.98)

0.841
0.065
0.828

0.788
0.446

0.89 (0.58–1.37)
1.00 (0.51–1.98)

0.602
0.991

0.592
0.472

0.98 (0.67–1.43)
1.21 (0.70–2.10)

0.913
0.497

Model without considering duration of smoking cessation
Smoking status
Current smoking (referent)
Former smoking
2.48 (1.81–3.38)
Model considering duration of smoking cessation
Smoking status
Current smoking (referent)
Smoking cessation≤ 12 months
6.12 (4.11–9.10)
Smoking cessation 13–36 months
6.28 (4.25–9.28)
Smoking cessation 37–72 months
0.92 (0.43–1.99)
Smoking cessation > 72 months
0.20 (0.08–0.46)
Age
55 and older (referent)
18–24 years
1.40 (0.67–2.92)
25–39
1.74 (1.08–2.80)
40–54
1.04 (0.66–1.62)
Gender
Female (referent)
Male
1.48 (1.08–2.05)
Education
High school or less (referent)
Technical education
1.07 (0.65–1.76)
University education
0.71 (0.49–1.03)
Postgraduate education
0.86 (0.49–1.52)
Marital status
Single (referent)
Married/living with partner
1.06 (0.70–1.59)
Divorced, widowed or other
1.29 (0.67–2.47)
Financial situation
Very bad/bad (referent)
Not good
0.91 (0.64–1.29)
Good
1.21 (0.73–2.00)

P
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Table 4 Logistic regression
analyses to identify the
association between current
daily e-cigarette use and
smoking cessation

Correlates

Current daily e-cigarette use (vs.
all others)

Current daily e-cigarette use
(vs. never)

OR (95% CI)

P

OR (95% CI)

P

< 0.001

2.48 (1.67–3.68)

< 0.001

< 0.001
< 0.001
0.169
0.018

9.01 (5.47–14.86)
7.30 (4.53–11.76)
1.01 (0.45–2.25)
0.18 (0.07–0.44)

< 0.001
< 0.001
0.989
< 0.001

Model without considering duration of smoking cessation
Smoking status
Current smoking (referent)
Former smoking
4.46 (3.04–6.55)
Model considering duration of smoking cessation
Smoking status
Current smoking (referent)
Smoking cessation ≤ 12 months
10.41 (6.56–16.53)
Smoking cessation 13–36 months
11.18 (7.12–17.55)
Smoking cessation 37–72 months
1.75 (0.79–3.89)
Smoking cessation > 72 months
0.33 (0.13–0.83)
Age
55 and older (referent)
18–24 years
1.13 (0.48–2.62)
25–39
1.66 (0.97–2.84)
40–54
0.98 (0.59–1.63)
Gender
Female (referent)
Male
1.70 (1.17–2.46)
Education
High school or less (referent)
Technical education
1.48 (0.86–2.54)
University education
0.69 (0.45–1.06)
Postgraduate education
0.69 (0.35–1.37)
Marital status
Single (referent)
Married/living with partner
1.03 (0.65–1.64)
Divorced, widowed or other
1.31 (0.62–2.75)
Financial situation
Very bad/bad (referent)
Not good
1.14 (0.77–1.69)
Good
0.96 (0.51–1.79)

quit smoking during the past 3 years [15]. This indicates
that there is substantial progress in smoking cessation in
Greece over the last few years, since e-cigarettes became
popular. While we cannot substantiate that e-cigarettes
are the reason for the higher smoking cessation rates in
recent years, a strong positive association was observed
between current e-cigarette use and being a recent former
smoker. This provides indirect evidence that the progress
in smoking control could be at least partially attributed to
the rising popularity and use of e-cigarettes. Moreover, the
associations between e-cigarette use and smoking cessation were much stronger for recent quitters than for former
smokers without considering the duration of quitting. The
previously mentioned US study found that smoking cessation is negatively associated with being a daily e-cigarette
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0.785
0.066
0.930

2.58 (1.02–6.49)
2.22 (1.28–3.85)
1.16 (0.68–1.96)

0.045
0.005
0.588

0.005

1.67 (1.13–2.48)

0.010

0.157
0.089
0.287

1.46 (0.82–2.62)
0.68 (0.44–1.06)
0.85 (0.41–1.77)

0.201
0.678
0.659

0.905
0.480

0.90 (0.55–1.47)
1.05 (0.49–2.27)

0.680
0.904

0.509
0.885

1.24 (0.81–1.90)
0.94 (0.48–1.85)

0.313
0.856

user when duration of quitting was not taken into consideration [15].
The strong negative association between current e-cigarette use and quitting for > 72 months might be explained
by the unavailability and low popularity of e-cigarettes in
the previous years, and by the ineffective design, performance, and nicotine delivery of old e-cigarette products
[16]. The former seems to be a more plausible explanation
and contributing factor, considering that the vast majority of former smokers of > 72 months have not even tried
e-cigarettes, while only 1% of them were current e-cigarette
users. This finding is reassuring that e-cigarettes are not promoting relapse to nicotine use or use of an inhalational habit
among long-term former smokers, which is in agreement
with findings in the US [15]. A recent study analyzing the
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2014 Eurobarometer survey reported a negative association
between e-cigarette use and smoking cessation, but the survey did not include any information on smoking cessation
duration [17]. Our findings herein emphasize the need to
include the duration of smoking cessation in evaluating the
effects of e-cigarettes in population studies.
The associations between e-cigarette use and smoking
cessation were stronger when current e-cigarette use was
compared to all other patterns of use (former use, former
experimentation, and never use) than when current e-cigarette use was compared to never use. While it is possible
that some former e-cigarette users may have quit both smoking and e-cigarette use, this suggest that most former users
and experimenters of e-cigarettes represent failures to quit
smoking or interest in experimenting with these products
instead of using them in a determined smoking cessation
attempt. However, the strongest associations with recent
smoking cessation were observed for daily e-cigarette use,
indicating the importance of examining frequency of use.
This is expected considering previous observations that current e-cigarette use (usually defined as any use in the past
30 days) includes a lot of recent experimenters [18], and
that frequency of use is positively associated with both quit
attempts and quit success [7, 19].
Males were consistently more likely to be current and
current daily e-cigarettes compared to females. This is consistent with an analysis of the 2014 Eurobarometer survey in
which males were more likely to be current daily and current
daily nicotine e-cigarette users [20]. A systematic review
of differences in e-cigarette use between sociodemographic
groups also found that awareness, ever and current e-cigarette use were more prevalent in males than females [21].
Our finding could be explained by the fact that more males
were current and former smokers compared to females.
However, there may be other reasons for this observation,
such as different attributions for maintenance of e-cigarette
use related to positive or negative reinforcement, different
reasons for initiating e-cigarette use, and different expectancies about e-cigarettes between genders [22]. Education and
financial status were not associated with e-cigarette use, a
finding that is consistent with some [20, 23–25] but not all
the previous observations [26, 27].
Limitations of this study are the inherent weaknesses
of cross-sectional studies. The smoking status was selfreported and not objectively verified. However, this is common for large population studies. There is a possibility for
recall bias on the duration of smoking cessation. Finally, the
associations reported herein cannot be considered as definite
proof for a causal link between e-cigarette use and smoking
cessation.
In conclusion, statistically significant associations were
observed between e-cigarette use and recent smoking cessation in Greece. The associations were stronger for recent

(≤ 3 years) smoking cessation, which is compatible with the
rising popularity of e-cigarettes, and for daily e-cigarette use.
The findings suggest a positive public health impact of e-cigarettes in Greece, assuming that e-cigarettes helped these
people quit smoking. It is possible that e -cigarettes have
contributed to the increased proportion of former smokers
in recent years, and this should be considered by the Greek
health and regulatory authorities in developing appropriate
policies that can maximize potential benefits and minimize
unintended consequences. Duration of smoking cessation
and frequency of e-cigarette use should be considered when
assessing the impact of e-cigarette use in population studies.
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