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Abstract

As e-cigarette use increases rapidly, it is important to examine its appeal, influence and effects among adolescents. Evidence
shows that adolescents using e-cigarettes are at higher risk to initiate and/or continue using tobacco and cannabis. E-ciga-
rettes have been promoted in multiple ways by the media as a healthier alternative to smoking and some studies present
benefits of its use when compared to combustible cigarette smoking. On the other hand, numerous studies on adolescent
populations point out the negative biological effects of e-cigarettes due to chemical substances that some of their products
contain, as well as its sociological and emotional effects. In 2012, the United States Centre of Disease Control and Prevention
estimated that e-cigarette use doubled among middle and high school students. In Greece, significant changes in smoking be-
haviors have been observed during the past few years, possibly as a combined result of the implemented tobacco control and
austerity measures. A study among Greek adolescents reported that in 2015 39% of 16 year-old high school pupils nationwide
had smoked cigarettes at least once in their lifetime, while 13% were regular smokers (1). Another study reported that half of
the population of 15 year-old Greek pupils who have used combustible cigarettes have also tried e-cigarettes (2). In the pres-
ent paper we review literature regarding e-cigarette use during adolescence and discuss some key issues, such as probable
reasons for the initiation and/or continuation of its use, as well as its physical, emotional and social effects. Finally, we present
some public health measures that have been proposed aiming at controlling e-cigarette use among adolescents.
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Method

It has been estimated that approximately 25 million 13-15
years old boys and 13 million girls of the same age smoke cig-
arettes or use smokeless tobacco products worldwide. Regard-
ing the prevalence of the phenomenon, significant differences
occur between countries. In 2014 9.2% of United States high-
school students smoked cigarettes, while at the same year the
“2014 Health Behavior in School-aged Children Study” con-
ducted among 15-year-old pupils in Greece reported 36.9%
lifetime smoking of conventional cigarettes and 16.6% lifetime
use of e-cigarettes, mostly experimenting (0.5% reported cur-
rent e-cigarette use) (3). According to the “Global Youth To-
bacco Survey” conducted in 108 countries between 1999 and
2016, the countries with the highest prevalence of tobacco use
among youth are generally non-very-high HDI (Human Devel-
opment Index) countries. In several of these countries tobacco
use among adolescent girls is now more common than among
adult women, while in some countries tobacco is now more
commonly used by youth than by adults (4).

Adolescent smoking has been known to be a major issue for
health systems and the public health of the entire population.
Apart from the profound adverse effects of nicotine on the devel-
oping brain, the issue of transition appears to be also rather signif-
icant, since 60-90% of adult smokers started smoking before the
age of 18 years. At the same time the duration of tobacco use is
more likely to be longer among those who start tobacco use at an
earlier age than those who start it later in life (5). However, during
the last decade a new public health issue has emerged. Since its
introduction in the market (2007 in the United States) e-cigarette
has been increasingly used by adolescents worldwide. According
to the Centre of Disease Control and Prevention, 1.78 million stu-
dents reported having ever used e-cigarettes as of 2012, while in
2014 13.4% of high-school students in the United States report-
ed having used e-cigarettes in the past 30 days. E-cigarette use in
many countries remains unregulated by national or international
organizations with no restrictions on its sale to children and ado-
lescents. What is more, the overall impact of e-cigarette on pub-
lic health is still uncertain, raising serious concerns and an urgent
need for systematic and extensive research on the field.

In the present paper we investigated existing evidence re-
garding e-cigarette use among adolescents. We conducted a
literature review on PubMed and Google Scholar using the key
words: “adolescents’, “e-cigarette’, “teenagers’, “vaping”. Studies
using adult population or investigating tobacco use, cannabis
or other drug abuse were excluded. Our research resulted in
57 results. Articles should be published in English and includ-
ed both original researches and literature reviews. It should be
noted that we found only a small number of studies investigat-
ing the issue in the Greek adolescent population.

Psychosocial factors related to
e-cigarette use

Relevant literature shows that adolescent groups with
e-cigarette users often include also combustible cigarette
smokers (6). This may mean that combustible cigarette
smokers may act as a potential risk factor for their peers not
only by providing cigarettes, but also by presenting patterns
and attitudes of smoking related behavior and thus familiar-
ize smoke-free adolescents with the image of a smoker (6,7).
According to the “problem behavior theory” adolescents
who reject mainstream values are susceptible to adopt sev-
eral types of deviating behavior (8).

On the other hand, adolescents who are considered to be
at “lower risk” may initiate the use of e-cigarettes and prefer
it to combustible cigarettes, because of the perception that
the e-cigarette is more socially acceptable and not as damag-
ing to health, as the combustible cigarette (9). Evidence also
indicates that adolescents who start e-cigarette use, become
more prone to attitudinal changes that could lead to a grow-
ing interest to experiment with or even initiate marijuana or
other substance use as well (6,7). This may be also facilitated
through the availability of several types of marijuana that can
be inhaled through a device similar to the e-cigarette or even
through the e-cigarette itself, by using marijuana liquids that
contain the hallucinatory THC substance instead of the regu-
lar e-cigarette liquids, which may or may not contain nicotine.
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Adolescents, who are already familiar with the inhalation of
e-cigarette liquids, may thus perceive the THC liquid inhala-
tion as something not as harmful (6).

Evidence shows that some adolescents might not even
know that the e-cigarette contains nicotine, thus they might
be inhaling nicotine without even realizing it. Among these
adolescents, previous combustible cigarette use did not cor-
relate to the initiation of the use of e-cigarettes containing
nicotine (10). Furthermore, Dutra’s findings suggest that the
e-cigarette was not associated with the decline of combus-
tible smoking, as far as the adolescents are concerned (11).

The electronic cigarette is becoming a trend, replacing to
some extent combustible cigarettes and gaining appeal
among adolescents, who may experience feelings of empow-
erment, rebelliousness or edginess through e-cigarette use.
Adolescents may even enjoy the variety of e-cigarettes and
their flavors, which may also act as status symbols, depending
on their price, quality and style.

According to a recent literature review of 25 research arti-
cles the most significant variables associated with e-cigarette
use among adolescents were male gender, older age, conven-
tional smoking, peer influence, as well as daily and heavier
smoking (12).

A study conducted in Germany with a sample of 2,693 ad-
olescents (mean age = 12.5 years, SD = 0.6), shows that 126
students (4.7%) had tried e-cigarettes, 76.2% (n = 96) of
whom had also tried conventional cigarettes and thus were
considered as dual users. E-cigarette use was associated with
parental, family members’ or friends’ combustible cigarette
smoking, male gender, older age, lower academic achieve-
ment and higher sensation seeking scores. Interestingly
enough, lifetime use of conventional cigarettes at baseline
was associated neither with e-cigarette nor with dual use at
the follow up measurement (13). Another study investigating
the temporal regularity of e-cigarette use found a decrease
during the past 30 days, a finding which may indicate that ad-
olescents are not using the e-cigarette on a regular basis (10).
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A further study conducted in 27 European countries has
shown that: “the perception that e-cigarettes are harmful in-
creased from 27.1% in 2012 to 51.6% in 2014, but there were
major differences in prevalence and trends between member
states. Among those who reported that they had tried using
an e-cigarette in the 2014 survey, 15.3% defined themselves
as current users” (14). Another interesting finding of the study
was that those who had tried an e-cigarette in order to quit
smoking were more likely to be current users (14).

A study of 2084 11th- and 12th-grade students in South-
ern California found that 499 (24.0%) students had used an
e-cigarette, 200 of whom (9.6%) were current users (among
the past 30 days), 390 (18.7%) students had tried a combusti-
ble cigarette and 119 (5.7%) were current cigarette smokers.
The majority of the students agreed on the fact that ciga-
rettes (98.6%) and e-cigarettes (86.0%) are harmful for one’s
health, but almost half of current e-cigarette users disagreed
on the harmfulness of e-cigarettes. 40.5% (n = 81) of current
e-cigarette users had never tried combustible cigarettes. This
study’s findings regarding the association between adoles-
cent’s e-cigarette use and family members’ and/or friends’
e-cigarette use or combustible smoking are in concordance
with the findings of many other similar studies(15).

Leventhal et al conducted a study, which included two
follow-up assessments (after 6 and 12 months), studying a
sample of 2.530 high school students in California and found
that e-cigarette use was positively associated with the use
of combustible tobacco products. E-cigarette use was also
associated with male gender, native Hawaiian/Pacific island-
er ethnicity, lower parental education level, peer smoking,
impulsivity, use of non-nicotine or tobacco substances and
delinquent behavior. Positive associations were also found
between e-cigarette use and other types of smoking, such as
combustible cigarette, hookah and cigar smoking (16).

According to Morean et al, factors such as using nicotine e-lig-
uid or purchasing e-cigarettes from tobacco shops, gas stations
and online retailers were all associated with combustible ciga-
rette smoking (p-values < .01). Adolescents using e-cigarettes
that contain nicotine were also found to be heavier e-cigarette
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users (p < .01). Thus, the main finding of this study is that it is
more likely adolescents who use e-cigarettes containing nico-
tine not only smoke other types of cigarettes as well, but are also
heavier users. It was reported that a significant number of ado-
lescents did not know the levels of nicotine concentration in the
e-cigarettes that they used. This finding combined with the lack
of adequate evidence on nicotine concentration in e-cigarettes
used by adolescents raises serious concerns about the levels and
consequences of youth exposure to nicotine (17).

According to Leventhal et al’s study, adolescents using only
e-cigarettes reported lower levels of internalizing syndromes,
such as generalized anxiety disorder, obsessive-compulsive
disorder, panic, depression, social phobia in comparison to
adolescents using combustible cigarettes only, but higher
levels of panic disorder, anhedonia and depression when
compared to non smokers. As far as externalizing syndromes
(rash action during positive affect, alcohol drug use/abuse,
mania) are concerned, dual users presented the highest levels
of psychiatric comorbidity, followed by single product users
(combustible or e-cigarette users only) and non smokers who
presented the lowest levels (18).

E-cigarette and tobacco products use in Greece
among adolescents

In Greece, significant changes in smoking behaviors have
been observed during the past few years, possibly as a com-
bined result of the implemented tobacco control and austerity
measures. A study about smoking, alcohol and drug use among
Greek adolescents reported that in 2015 39,2% of 16-year-old
high school pupils nationwide had smoked cigarettes at least
once in their lifetime, while 13% were regular smokers, pre-
dominantly males (1). Another study in Greece reported that
half of the population of 15-year-old pupils who have used
combustible cigarettes, have also tried e-cigarettes (2).

Male adolescents were 7 times more likely to use e-cigarettes,
while female gender was associated with lifetime tobacco use.
E-cigarette use was associated with current not heavy smoking
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(1). Alcohol and low parental monitoring correlated with tobacco,
but not with e-cigarette use. Cannabis and peer smoking showed
a stronger correlation with tobacco, than with e-cigarette use (2).

According to Farsalinos’s study conducted in 2017, e-cigarette
users in Greece tend to be current or former smokers. The au-
thors argue that it's highly unlikely for people that have never
smoked before to prefer e-cigarettes that contain nicotine or to
even start using e-cigarettes. Finally, another interesting find-
ing of the same study was that “most participants overestimat-
ed the harmfulness of e-cigarettes relative to smoking” (19).

Discussion

Adolescence is considered to be the critical age of starting
and establishing tobacco use (20). Adolescents prefer using
multiple and flavored tobacco products (21) and this prefer-
ence could cause susceptibility to nicotine dependence and
continuance of tobacco use (22). According to the “gateway
theory”, early initiation of alcohol or tobacco use during ado-
lescence can increase the risk of initiating cannabis use or oth-
er illegal-harmful substances (1). E-cigarette use can be also
viewed as a gateway to combustible cigarette smoking (23).

According to the Centre of Disease and Control, e-cigarette
use increased about 8 times from 2011 to 2016 among middle
and high school students (24). A substantial number of adoles-
cents who use e-cigarettes also smoke combustible cigarettes
(25, 9) and tend to associate themselves with other e-cigarette/
combustible cigarette users (6). On the other hand, because of
the more negative perceptions associated with combustible
cigarette smoking (26), adolescents who use e-cigarettes may
view themselves in a different light when compared to the im-
age they have for combustible cigarette smokers (27). Further-
more and given the higher sensitivity of the adolescent brain
to nicotine, the biological and physiological effects of nicotine
contained in e-cigarettes are thought to contribute significant-
ly to the overall phenomenon of nicotine addiction (5, 28).
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Conclusion

Various measures have been proposed aiming at reducing
or controlling the increase of tobacco and e-cigarette use
among adolescents. Some of the proposed measures to in-
clude increasing the costs of tobacco/ e-cigarette products
(for example, by increasing taxes) while making the e-cigarette
and its products unavailable to minors, for example by raising
the minimum age of sale for tobacco/ e-cigarette products to
21 years old (29). Other measures could be the promotion of
healthy habits by the media, the reduction of tobacco/e-cig-
arette advertising, promotion and availability, the imple-
mentation of community, school and university policies and
interventions that promote tobacco-free environments and
lifestyles, as well as the prohibition of smoking in public, work
related, school and university areas (20, 22, 30). Maintaining a
strong racial identity, as well as ethnic pride or being part of
productive groups (such as art, gymnastics, dance groups) and
focusing the attention on higher academic achievement is also
considered a way to prohibit adolescents from initiating e-cig-
arette use, as well as tobacco or combustible cigarette use (20).
In conclusion, evidence indicates that specific measures, such
as public health monitoring and health awareness programs,
could help adolescents acquire relevant knowledge and finally
change their smoking behavior.
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