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ABSTRACT
INTRODUCTION The aim was to establish EC use risk and protective factors, the reasons 
for use, associations with tobacco and other substance use, and use for smoking 
cessation. 
METHODS A systematic review following PRISMA guidelines was registered in 
PROSPERO (CRD42024532771). Searches in Web of Science and PubMed/
MEDLINE (March–April 2024) used terms like ‘electronic cigarette’ and 
‘adolescents’ with a PICO framework. Inclusion criteria covered studies on 
adolescents aged 10–19 years, published in English or Spanish (2018–2024). 
Three reviewers independently screened studies, achieving 96% inter-rater 
reliability. Data extraction followed standardized tables, and methodological 
quality was assessed using MMAT and GRADE tools, ensuring a robust evaluation 
of evidence on adolescent electronic cigarette use. 
RESULTS From 895 studies, 50 met the inclusion criteria. The strongest risk factors 
for adolescent EC use include social acceptance and use within peer or family 
circles (13 studies), male gender (10 studies), low risk perception (6 studies), 
younger age (3 studies), and greater financial resources (3 studies). Motives 
for use include low perceived risk and appealing flavors, supported by both 
longitudinal and cross-sectional studies. EC use is significantly associated with 
smoking initiation (7 studies), cannabis consumption (8 studies), and alcohol use 
(4 studies). Evidence on the effectiveness of ECs as harm reduction or smoking 
cessation tools in adolescents remains inconclusive, with some cross-sectional 
studies supporting their utility and others finding contrary evidence. High-quality 
research indicates ECs are predominantly used alongside traditional cigarettes, 
with dual nicotine consumption patterns commonly observed. 
CONCLUSIONS Evidence on adolescent EC use identifies risk factors, motives, and 
links to substance use. However, its role in harm reduction and smoking cessation 
remains insufficient and controversial. High-quality research is needed, as 
most studies are low quality. Targeted prevention strategies addressing social 
influences, perceptions, and accessibility are crucial to reduce adolescent EC use.
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INTRODUCTION
Previous studies claim that risk factors for adolescent e-cigarette use are similar 
to those for conventional tobacco1. In fact, most adolescents who use ECs also 
smoke conventional tobacco2. Previous research establishes smoking and other 
substance use3, parental use4 and peer group smoking5,6 as EC use risk factors.

EC users refer to a series of benefits that, from their perspective, justifies its use. 
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Compared to cigarettes, they highlight that it tastes 
better, they get more effect with less quantity, and 
it is ultimately cheaper7 , more discreet, allowing for 
less socially stigmatized use8,9; it bothers those around 
them less7; it may be more accepted in the urban 
sensory landscape particularly in smoke-free spaces10; 
and it presents a ‘cool’ image11. Among adolescents, 
the main reasons for experimenting with ECs include 
curiosity, appealing flavors, consumer friends, and 
perceived benefits compared to cigarettes12-14, due to 
the belief that ECs are less harmful14 and help stop 
smoking15. This leads to a decrease in perceived risk 
of these devices relative to conventional tobacco.

The perception of risk attributable to adolescent 
drug use is related to the actual likelihood of drug 
use, and this is also true for ECs16. Numerous studies 
confirm that adolescent EC use is associated with 
later smoking17-24. Thus, ECs have been suggested as 
a gateway to smoking18-27.

There is also evidence of associations between EC 
use and alcohol consumption3,28; marijuana use28-31; 
consumption of other illicit drugs3,29-31; and use of 
prescription and non- prescription medications3,30,31.

Some studies show that ECs may be a potentially 
less toxic alternative to traditional cigarettes32,33. From 
a harm reduction perspective, EC use could help 
reduce or quit smoking34,35. However, evidence on the 
clinical utility of ECs for smoking cessation is limited 
and should be taken with caution, as this effect has 
been observed in a very small number of controlled 
clinical trials36. Unlike adult users who may use ECs, 
adolescent users are more likely to switch from ECs 
to conventional cigarettes37.

Despite all the accumulated evidence against EC use 
in the Spanish adolescent population, epidemiological 
studies report a prevalence of 44.3% for some lifetime 
use and 22.8% for the last 12 months38. These figures 
are far from the 5% smoking prevalence targeted 
by endgame strategies, despite the fact that the 
percentage of users has decreased as a result of the 
strategies implemented by the WHO (Framework 
Convention on Tobacco Control in 2003 and the 
MPOWER strategy in 2008)39,40. It is evident that these 
measures are insufficient to prevent the use of tobacco 
and related products such as ECs, probably due to 
the strategies used by the industry41, many of which 
are oriented to the adolescent and youth population. 

It may also be due to the lack of implementation of 
some of these measures in Spain42,43.

Thus, the research question is: ‘What are the risk 
and protective factors for e-cigarette use among 
adolescents, its association with tobacco and other 
substance use, and the evidence of its use as a 
smoking cessation strategy?’. The aim of the study was 
to establish the existing evidence in the adolescent 
population on: 1) EC use risk and protective factors; 
2) motives for use; 3) the association of EC use with 
the consolidation of tobacco and other substance use; 
and 4) the evidence on EC use as a smoking cessation 
strategy.

METHODS
Search strategy
A systematic review was conducted following the 
guidelines of the PRISMA Statement (Preferred 
Reporting Items for Systematic reviews and Meta-
Analyses)44 (Supplementary file). The search 
strategy was applied from March to April 2024. 
The database used was the Clarivate Analytics Web 
of Science (WoS) core collection and PudMed/
MEDLINE. It was registered in the PROSPERO 
database (CRD42024532771). Two investigators 
(V-B and B-F) independently and blindly identified 
and screened titles and abstracts obtained from the 
electronic searches.

The search string included the terms electronic 
cigarette, e cigarette and adolescents, teenagers using 
the Boolean operators AND and OR resulting in the 
following canonical search equation: (‘electronic 
cigarette’ OR ‘e-cigarette’) AND (‘adolescents’ 
OR ‘teenagers’). To conduct the literature search, 
we followed the PICO framework (Population, 
Intervention,  Comparison,  and Outcomes) 
with: P=Adolescents; I=Electronic cigarette; 
C=Conventional cigarette; O=Risk factors, protective 
factors, motives for use, comorbid consumption, harm 
reduction, smoking cessation.

Inclusion criteria
The inclusion criteria were: 1) studies that assessed 
EC use in adolescents aged 10–19 years; 2) in 
English or Spanish; 3) published in WoS or PudMed/
MEDLINE; 4) access full text; 5) quasi-experimental 
studies and randomized controlled trials; 6) cross-
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sectional and longitudinal studies; and 7) published 
from 2018 to April 2024. The decision to include 
studies from 2018, took into account the considerable 
evolution of ECs over the past 5 years, examining 
different characteristics that may lead to distinct 
motives for use and consumer experiences; also, their 
potential effectiveness or ineffectiveness as harm 
reduction strategies and for smoking cessation. For 
these reasons, it was decided to consider studies from 
2018 to 2024.

As for exclusion criteria (Figure 1), we removed: 
1) articles published in journals not indexed in WoS 
or PudMed/MEDLINE; 2) systematic reviews, meta-
analyses, case or narrative studies, opinion articles, 
editorials, books, book chapters, practical guides, 
editorials and communications at congresses; 3) 
studies focused on variables other than those under 
study; 4) incomplete texts or written in a language 
other than English or Spanish; 5) studies on tobacco 
consumption by heat vaporization (e.g. Juul); and 6) 

articles published before 2018.

Selection process
Three authors independently evaluated titles and 
abstracts to assess whether they met the inclusion 
criteria. The inter-rater reliability was 96%. 
Discrepancies were resolved by critical discussion 
until 100% agreement was reached. Each author then 
individually assessed the full text of the articles. 

Data extraction
Two authors (V-B and B-F) independently extracted 
data from each study in custom tables, including 
the following data: 1) authors; 2) type of study; 3) 
sample used; 4) objectives; and 5) main results and 
conclusions.

Assessment of methodological quality
We assessed the methodological quality of the selected 
articles using the mixed-methods appraisal tool 

Figure 1. Diagram of the process followed based on the PRISMA model
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(MMAT) scale45. The MMAT is a critical appraisal tool 
designed for systematic reviews that has five items 
that assess sampling strategy, representativeness of 
the sample, adequacy of measurements, risk of non-
response bias, and adequacy of statistical analyses. 
Additionally, a GRADE evidence assessment was 
conducted following the recommendations of Aguayo-
Albasini et al.46.

RESULTS
Study selection
The study selection process is shown in Figure 1. 
The first search yielded 895 results related to EC 
consumption in adolescents. After reviewing the 
title and abstract, 473 results were excluded. In the 
second step, after reviewing the topic content and 
appropriateness and the application of the inclusion 
and exclusion criteria, 369 results were removed. 
Finally, 50 studies remained and form the basis of 
the present systematic review. Figure 1 shows the 
selection procedure.

To assess the methodological quality of the selected 
articles, the MMAT scale45 was applied (Table 1). All 
studies met 60% of the criteria, with 85.60% being 
the mean percentage of criteria met. Table 2 shows 
the information on the 50 studies including author, 
type of study, sample, objectives, main results and 

Table 1. Methodological quality assessment of the 
studies included in the systematic review

Authors P1 P2 P3 P4 P5 Percent 
compliance

Bowe et al.47 Yes Yes Yes Yes Yes 100

Chang and Seo48 Yes Yes Yes Yes Yes 100

Conner et al.49 Yes Yes Yes Yes Yes 100

Dai et al.50 Yes Yes Yes Yes Yes 100

Fan et al.51 Yes Yes Yes Yes Yes 100

Kinnunen et al.52 Yes Yes Yes Yes Yes 100

Tarasenko et al.53 Yes Yes Yes Yes Yes 100

Van Minh et al.54 Yes Yes Yes Yes No 80

Wamba et al.55 Yes Yes Yes Yes Yes 100

Zavala-Arciniega et al.56 Yes No Yes No Yes 60

Durkin et al.57 Yes No Yes No Yes 60

Usidame et al.58 Yes Yes Yes Yes Yes 100

Conner et al.59 Yes Yes Yes Yes Yes 100

Zhao et al.60 Yes No Yes Yes Yes 80

Carey et al.61 Yes Yes Yes No Yes 80

El-Amin et al.62 Yes Yes Yes No Yes 80

Monzón et al.63 Yes Yes Yes Yes Yes 100

Tudor et al.64 Yes No Yes Yes Yes 80

Ahuja et al.65 No No Yes Yes Yes 60

Hunter et al.66 Yes Yes Yes Yes Yes 100

Liu et al.67 Yes No Yes Yes Yes 80

Vogel et al.68 Yes No Yes No Yes 60

Vrinten et al.69 Yes Yes Yes Yes Yes 100

Ollila et al.70 Yes Yes Yes Yes No 80

McCabe et al.71 Yes Yes Yes Yes Yes 100

Kinnunen et al.72 Yes Yes Yes No Yes 80

Staff et al.73 Yes Yes Yes Yes Yes 100

Vogel et al.74 Yes No Yes No Yes 60

Thoonen and Jongelis75 Yes Yes Yes Yes No 80

Leventhal et al.76 Yes Yes Yes Yes No 80

Davis et al.77 Yes Yes Yes Yes Yes 100

Thoonen et al.78 Yes Yes Yes Yes Yes 100

Jongelis et al.79 Yes Yes Yes Yes Yes 100

Lechner et al.80 Yes No Yes No Yes 60

Chaffe et al.81 Yes No Yes Yes Yes 80

Evans-Polce et al.82 Yes Yes Yes No Yes 80

Kinnunen et al.83 Yes No Yes No Yes 60

Yang et al.84 Yes No Yes Yes No 80

Azagba85 Yes Yes Yes Yes Yes 100

Owotomo et al.86 Yes Yes Yes No Yes 80

Audrain-McGovern et al.87 Yes Yes Yes No Yes 80

Authors P1 P2 P3 P4 P5 Percent 
compliance

Azagba et al.88 Yes Yes Yes Yes Yes 100

Bentivegna et al.89 Yes Yes Yes Yes Yes 100

Duan et al.90 Yes Yes Yes Yes Yes 100

Evans-Polce et al.91 Yes No Yes No Yes 60

Park et al.92 Yes No Yes No Yes 60

Wang et al.93 Yes Yes Yes Yes Yes 100

Case et al.94 No Yes Yes Yes Yes 80

Foxon et al.95 Yes Yes Yes Yes Yes 100

Trucco et al.96 Yes No Yes No Yes 60

P1: Is the sampling strategy relevant to address the research question? P2: Is the 
sample representative of the target population? P3: Are the measurements adequate? 
P4: Is the risk of non-response bias low? P5: Is the statistical analysis adequate to 
answer the research question?

Continued

Table 1. Continued
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Table 2. Description of the studies selected about EC use risk and protective factors, and motives for use

Authors Study type Sample Objectives Main results and conclusions

Bowe et 
al.47

Cross-
sectional 
study

N=4150 
Irish adolescents 
aged 15–16 years

To describe the 
epidemiology of 
current just EC use, just 
conventional cigarette 
smoking, and dual use and 
to examine and compare 
family, peer group, 
and individual factors 
associated with these 
behaviors.

The risk profiles of exclusive EC users differ from dual 
users and conventional cigarette users. Compared to 
women, men were twice as likely to use EC or dual use. 
Having a parent who smoked increased the likelihood 
of using any nicotine product. Dual use is the most 
common behavior among adolescent users of nicotine 
products. Average and below average performers were 
more likely to use nicotine products. Strong statistically 
significant association between peer-related factors 
and use of all nicotine products. ECs may appeal to 
a population that would engage in positive lifestyle 
behaviors who would not use conventional cigarettes.

Carey et 
al.61

Longitudinal 
cohort study

N=3907 
American students 
aged 11–16 years

To identify risk factors 
(risk perceptions, social 
influences and norms, 
affective and behavioral 
risk factors) associated 
with susceptibility to 
EC use during a one-
year follow-up among 
adolescents with no 
previous experience with 
EC.

Different risk factor profiles:
-	6th graders (11-12 years): EC use among family 

members influences the transition to becoming 
susceptible.

-	Students in 6th grade (11–12 years) and 8th grade 
(13–14 years): Positive affect as a protective factor

-	8th graders (13–14 years): low school performance, 
beliefs that ECs are ‘okay to use’ and ‘commonly used‘ 
increase risk

-	8th and 10th (15–16 years) graders: higher levels of 
sensation seeking increase risk.

Conner et 
al.59

Cluster 
randomized 
controlled 
trial

N=3210 
English students (UK) 
aged 13–14 years at 
baseline and never used 
EC/cigarettes

To assess EC/cigarette 
predictors of usage 
patterns.

Friends who smoke, family who smoke, impulsivity and 
gender: predictors in all groups.
Males: more likely to be in the EC-only group
Higher levels of impulsivity: more likely to be in the 
smoking groups.

Conner et 
al.49

Randomized 
controlled 
trial

N=3289 
Non-smoking English 
students aged 13–14 
years
Prospective study with 
12 and 24 months’ 
follow-up

Check for differences in 
regular use/occasional use 
between different EC users 
groups: early users, late 
users, non-consumers.

Nearly half of smokers had one or more family 
members who smoked.
Early users (EC use between the ages of 13 and 14) → 
higher rates of later initiation of cigarette smoking 
than late users (use between the ages of 14–15 years) 
→ difference that can be attributed to a longer period 
of time to initiate cigarette smoking in early users.

Dai et al.50 Cross-
sectional 
study

N=16123
Chinese adolescents 
aged 13–18 years

To examine the 
association between social 
environment exposure 
and EC use, as well as 
gender and school type 
differences.

Current EC use rates among boys were higher than 
those among girls. Adolescents’ current EC use was 
significantly associated with parental and peer EC 
consumption.

Davis et 
al.77

Longitudinal 
study

N=4875 
American students 
aged 13–19 years

To examine the use of 
refreshing flavors and their 
association with EC use 
behaviors.

Those who vaped refreshing flavors reported higher 
frequency of vaping in the past 30 days and higher 
rates of electronic liquid nicotine use in the past 30 
days than those who did not vape refreshing flavors.

Durkin et 
al.57

Cross-
sectional 
study

N=562 
American students 
aged 14–18 years

To investigate associations 
between costs and benefits 
perceptions, peer use, self-
efficacy to resist use, and 
self-reported use.

Increased risk of current EC use → more friends who 
use ECs and when they have a more favorable reaction 
to ECs.
Older adolescents: less likely to use EC currently.
The likelihood of using CE is a function of peer use 
(social norms), expectations about costs and benefits 
(beliefs), and self-efficacy to resist (perceived control).

Continued
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Authors Study type Sample Objectives Main results and conclusions

El-Amin et 
al.62

Longitudinal 
study

Finnish adolescents 
aged 12–18 years
N=4058 in 2017
N=3520 in 2019

To explore if perceptions of 
harmful health effects of 
different tobacco products 
are related to consumption, 
school performance, 
parental smoking and 
socioeconomic status. 

Adolescents perceive fewer negative health 
consequences from ECs than from conventional 
cigarettes.
Those who have used tobacco do not perceive ECs as 
harmful to health as often as those who have never 
used them.
Parental smoking was associated with their child’s view 
that cigarettes and other tobacco products are not 
harmful to health.
Strong association between poor school performance 
and misperceptions about the harmfulness of 
cigarettes.

Fan et al.51 Cross-
sectional 
study

N=12410 
Secondary school 
students in China in 
2019
N=12880 in 2021

To explore the 
factors influencing 
experimentation and use 
of EC by adolescents. 
To compare the vaping 
status of EC with different 
characteristics.

The main factors associated with EC use were: 
experimentation with cigarettes, male gender, higher 
weekly allowance, exposure to secondhand smoke at 
home, exposure to EC advertising, closest friends who 
smoke, belief that smoking makes young people appear 
more attractive, belief that tobacco helps young people 
feel more comfortable in social situations.

Hunter et 
al.66

Cross-
sectional 
study

N=4204 
Australian participants 
(mean age=15.70 years, 
SD=0.60)

To examine the 
associations between EC 
use, perceived peer EC use, 
and bullying.

Strong cross-sectional associations were found between 
EC use and perpetration of bullying, victimization from 
bullying, bullying victim status, and perceived peer use.
Bullying perpetrators were three times more likely 
than non-perpetrators to have used an EC → Bullying 
perpetrators often experience difficulties in emotional 
regulation, externalizing behavior, and impulsivity, and 
are more likely to associate with delinquent peers and 
seek social dominance.

Jongelis et 
al.79

Cross-
sectional 
study

N=4617 
Australians 
aged 12–17 years

To investigate susceptibility 
to EC use among 
Australian adolescents 
who had never smoked 
cigarettes or used ECs. 

45% of the sample who had never smoked or vaped 
were susceptible to future vaping. Important correlates 
of susceptibility included the belief that EC use is 
associated with positive affect regulation outcomes and 
helps with smoking cessation.

Kinnunen 
et al.52

Cross-
sectional 
study

N=12167 
European students aged 
13–18 years 
(Netherlands, Portugal, 
Ireland, Germany, Italy, 
Belgium and Finland)

Identify the social 
correlates of EC use, and 
if they are the same for 
EC-only use, conventional 
cigarette-only use, and 
dual use.

EC use risk factors (especially dual use): male gender, 
older age, parental and peer smoking.

Lechner et 
al.80

Longitudinal 
study

N=1023 
American students
Average age=12.2 years.
Survey every 6 months 
for two years and one 
at end of year

To examine the specific 
role of cognitive 
susceptibility to smoking 
prior to initiating use 
of any of the products, 
while controlling for other 
common risk factors.

Those who used any tobacco product perceived ECs 
as less harmful compared to abstainers.  Beliefs that 
ECs have low addiction potential and are safer than 
cigarettes are associated with use.

Leventhal 
et al.76

Longitudinal 
study

American 11th and 12th 
grade students
Wave 1, N=3251
Wave 2, N=3232 
Wave 3, N=3078 
Wave 4, N=3168 
Wave 5, N=3140

To assess whether those 
using ECs with non-
traditional flavors (fruits, 
sweets) were more likely 
to continue vaping and 
progress to more frequent 
vaping.

Adolescents who vaped ECs with non-traditional 
flavors, compared to those who vaped exclusively 
tobacco, mint, or menthol-flavored ECs, or unflavored 
ECs, were more likely to continue vaping and take more 
puffs per vaping occasion 6 months later → higher 
likelihood of continued vaping and progression to more 
frequent vaping patterns.

Table 2. Continued

Continued
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Authors Study type Sample Objectives Main results and conclusions

Liu et al.67 Cross-
sectional 
study 

N=1289 
Taiwanese students 
aged 12–18 years

To identify potential 
factors related to EC use 
behaviors in adolescents.

Risk factors included tobacco consumption, use of 
other substances, EC use by close friends, attitudes of 
close friends toward EC use, and family environment.

McCabe et 
al.71

Cross-
sectional 
study

N=38926 
American students 
aged 13–18 years 
[8th Grade, N=10899 
(13–14 years); 10th, 
N=10438 (15–16 years); 
12th, N=17.589 (17–18 
years)]

Identify EC use risk factors 
in relation to school 
characteristics (public vs 
private, urban vs rural, 
racial composition at the 
school level).

School environments serve as important risk factors for 
EC use at the individual level.
Increased risk of EC use in females and males at higher 
grade levels.
Males in schools with high levels of heavy alcohol and 
marijuana use are at higher risk for EC use compared to 
females in these same schools.

Monzón et 
al.63

Discrete 
choice 
experiment 
(DCE)

N=2028 
Guatemalan students 
aged 13–18 years

To assess how tobacco 
product attributes (type of 
tobacco product, flavors, 
and nicotine content) 
influence their appeal 
among adolescents.

ECs appear to be more attractive and perceived as less 
harmful than heated tobacco products and cigarettes.
Flavors enhance product appeal and influence 
perceptions of harmfulness.

Ollila et 
al.70

Cross-
sectional 
study

N=98758 
European students 
aged 15–16 years

To examine the 
associations between 
national regulations on ECs 
and their use, considering 
socioeconomic status, laws 
on tobacco sales age, and 
income level.

More comprehensive regulations on ECs were 
associated with a lower risk of exclusive EC use and 
dual use → perceived greater difficulty in obtaining 
them. Higher levels of parental education protected 
against regular and current smoking, EC use, and dual 
use.
Perception of family background was associated with a 
higher likelihood of current exclusive and dual EC use.

Tarasenko 
et al.53

Cross-
sectional 
study

European students 
from 17 countries 
aged 11–17 years

To estimate the crude and 
adjusted prevalence of EC 
use by sex and amount of 
disposable income.

There is a growing trend in EC use and initiation from 
the age of 11 years.
Many more male students than female students 
reported EC use.
Students with an average amount of disposable income 
were significantly more likely to use ECs than those 
with lower amounts.

Thoonen 
et al.78

Cross-
sectional 
study

N=1497 
Australian adolescents 
aged 12–17 years

To identify beliefs about 
the risks and benefits 
associated with the use of 
different types of ECs. To 
assess differences in beliefs 
according to age and user 
status.

71% believe that EC use helps smokers reduce their 
tobacco consumption.
Adolescents were significantly more likely to hold 
favorable beliefs about the social and psychological 
benefits of EC use.
Adolescents did not recognize the harms associated 
with nicotine-free and flavored ECs and maintained 
positive perceptions about EC use.

Thoonen 
and 
Jongelis75

Cross-
sectional 
study

N=4617 
Australians 
aged 12–17 years

To explore and compare 
reasons for intended use, 
initiation, and current use 
of ECs.

Adolescents in most user groups were more likely than 
adults to report using ECs out of curiosity and because 
they tasted good.
Adults are significantly more likely than adolescents 
to report using ECs for smoking cessation or reduction 
purposes.

Trucco et 
al.96

Cross-
sectional 
study

N=176 
American adolescents 
aged 14–17 years 
and their parents 

Examine the influences 
(positive expectations 
and intentions to use) of 
parents and peers in the 
early stages of EC use.

Parental influence can buffer the effect of peer norms 
and positive expectations on an adolescent’s decision 
to use EC.

Table 2. Continued

Continued
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Authors Study type Sample Objectives Main results and conclusions

Tudor et 
al.64

Cross-
sectional 
study

N=748 
Romanian students 
aged 13–14 years

To assess awareness, 
opinions, and practices 
regarding EC use, as well 
as factors associated with 
their use.

The main reason for trying ECs is curiosity.
Peer influences correlated with EC experimentation.
Beliefs that ECs help with smoking cessation and 
that they are less harmful strongly correlated with EC 
experimentation.
No gender differences were found in EC use.

Usidame 
et al.58

Cross-
sectional 
study

N=35456 
American students 
aged 13–18 years
[8th Grade, N=11189 
(13–14 years); 10th, 
N=12882 (15–16 years); 
12th, N=11385 (17–18 
years)]

To assess sociodemographic 
predictors of exclusive 
EC use and dual use with 
smoking tobacco among 
adolescents.

The EC only usage pattern is most frequent across all 
grades and is most common among girls. Younger boys 
are less likely to exclusively use EC than younger girls.

Van Minh 
et al.54

Longitudinal 
study

N=3331 for 2013
N=7796 for 2019
Vietnamese adolescents
aged 13–17 years

To compare the prevalence 
of smoking and associated 
factors.

Risk factors included male gender, mental health problems, 
self-reported experience of bullying, school absenteeism, 
alcohol consumption, and sedentary lifestyle.
Protective factors included parental control and respect.

Vogel et 
al.68

Longitudinal 
study

N=173 
American adolescents 
aged 13–18 years 
(consumed at least once 
in last 30 days and at 
least 10 times in their 
lifetime)

Identify correlates of 
EC use frequency and 
dependence.

Higher risk of problematic use: those with greater 
exposure to nicotine and greater acceptance of EC use 
in their social circle.
EC use Risk profiles may differ from smoking cigarettes.
Frequent use was associated with receiving the first 
e-cigarette from a family member, using nicotine in all 
ECs, and having more friends who use ECs.
Dependence was associated with younger age at first 
use, recent cigarette use, and having more friends who 
use EC.

Vogel et 
al.74

Longitudinal 
study

N=173 
American adolescents 
aged 13–18 years 
(consumed at least once 
in last 30 days and at 
least 10 times in their 
lifetime)

Examine the reasons to 
use and stop using ECs. 
Determine persistence 
in EC use and dual 
consumption and 
stability in frequency and 
dependence of EC use.

The three main reasons for initiating and continuing 
use: socialization, enjoyment and flavors. The top 
three reasons for quitting smoking: desire for self-
improvement, difficulty maintaining the device, and 
getting in trouble for vaping at home or school.

Wamba et 
al.55

Cross-
sectional 
study

N=7950 
French adolescents 
aged 15–16 years

To assess the evolution of 
experimentation and use 
of tobacco and ECs.

Their motivations for experimenting with ECs are 
mainly associated with recreational leisure, but not 
with the desire to reduce or quit smoking.
The prevalence of current smoking was higher in boys 
than in girls, as was the prevalence of current vaping.

Zavala-
Arciniega 
et al.56

Cross-
sectional 
study

N=951 
Mexican students 
aged 12–13 years 
at baseline who have 
used in the past month

To assess the correlates of 
the frequency of EC use 
among Mexican students 
who currently use EC.

Being male, using drugs, and having family members 
who use ECs and cigarettes were associated with a 
higher frequency of EC use in the past month.
Curiosity was the most common reason for using 
cigarettes.

Zhao et 
al.60

Case-control 
study

N=44 
Chinese students 
aged 16–18 years
who had used ECs and 
44 who had not 

To explore the 
characteristics and risk 
factors of EC use in 
adolescents.

Characteristics of EC use include: early age at first use, 
consumption of a large quantity, smoking in discreet 
places to hide from adults.
Reasons for using ECs include: curiosity, desire to 
replace traditional cigarettes.
Risk factors for EC use include: insufficient 
understanding of individual-level harm of ECs, peer 
influence at the interpersonal level, influence of social 
and environmental factors such as EC sales in stores, 
pleasant aromas, and multiple flavors.

Table 2. Continued
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conclusions. A summary of the main findings is 
presented below.

In Figure 2, most studies are cross-section
al47,50-53,55-58,64,66,67,70,71,75,78,79,96, followed by longitudinal 
studies54,61,62,68,74,76,77,80. Among studies analyzing 
risk and protective factors, as well as motives for 
EC use, arranged from lower to higher quality in 
study design, there is one case-control study60, one 
discrete choice experiment63, 18 cross-sectional 
studies47,50-53,55-58,64,66,67,70,71,75,78,79,96, 8 longitudinal 
studies54,61,62,68,74,76,77,80, and 2 randomized controlled 
trials49,59. Among studies examining the association 
of ECs with tobacco use initiation and use of other 
substances, as well as evidence of ECs as a smoking 
cessation strategy in adolescents, arranged from 
lower to higher quality in study design, there is one 
prospective cohort study61, 10 cross-sectional studies, 
and 14 longitudinal studies. Only the 2 randomized 
controlled trials have a high level of evidence 
according to GRADE46 as they are randomized studies. 
The rest of the analyzed studies are observational, so 
their level of evidence is low or very low, according 
to GRADE46.

Adolescent EC use risk and protective factors
Regarding individual risk factors, gender was 

identified as a predictor, with males being more likely 
to use ECs47-56. Concerning age, older adolescents 
(aged 17–18 years) were less likely to use ECs 
compared to younger adolescents (aged 14–15 
years)57. However, the youngest adolescent males 
(aged 13–14 years) were less likely to use than the 
youngest adolescent females (aged 13–14 years) as 
these are more curious and susceptible to consuming 
ECs58. For their part, sensation seeking and higher 
levels of impulsivity are associated with a higher risk 
of EC use at a younger age59.

Regarding risk perception, adolescents consider 
the health risk to be low due to an insufficient 
understanding of the harm of ECs at an individual 
level60, and that the negative consequences are fewer 
than for conventional cigarettes61-64.

Among social factors, those adolescents with greater 
exposure to nicotine and greater acceptance and use 
of ECs in their social circles, such as family or friends, 
are at a greater risk for more problematic EC use50-

52,56,57,59,60,64-69.
Other authors have found an increase in EC 

use among adolescents with higher disposable 
income51,53,70. A higher level of parental education, 
as well as greater parental control54, protects against 
smoking and EC use70.

Figure 2. Design of the studies analyzed according to the topic addressedFigure 2. Design of the studies analyzed according to the topic addressed 
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Among school factors, school environments are 
closely related to cigarette and EC use. Boys from 
schools with high levels of alcohol and marijuana 
use were at higher risk of EC use compared to girls 
attending the same schools71. School absenteeism has 
also been shown as a risk factor in consumption54. 
On the other hand, excellent academic performance 
appears to be a protective factor for experimentation 
with ECs72.

Finally, Staff et al.73 have found positive links 
between EC use and maladjustment, and delinquency.

In Figure 3, the number of studies confirming 
each protective or risk factor related to EC use in 
adolescents can be seen. The risk factors with the 
strongest empirical support, presented based on the 

number of studies and the quality of the evidence 
according to GRADE46, are: 1) greater acceptance and 
use of ECs in their social circles (family or friends), 
reported in 13 studies, of which only one is of high 
quality59; 2) gender indicating that males show higher 
EC use, reported in 10 studies, of which only one is 
of high quality49; 3) low risk perception, reported in 
6 studies, all of low quality; 4) age, with younger age 
associated with higher risk, reported in 3 studies, of 
which one is of high quality49; and 5) the availability 
of higher disposable income among adolescents, 
reported in 3 studies, all of low quality.

Reasons for EC use in adolescents
Some of the main reasons for initiating and continuing 

Figure 3. Number of studies analyzed that confirm each protection factor or risk related to the use of ECs
Figure 3. Number of studies analyzed that confirm each protection factor or risk related to 

the use of ECs 
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EC use were socialization, enjoyment, flavors74, and 
curiosity56,60,64,75. 

In terms of flavors, it has been found that 
adolescents who vaped non-traditional flavors 
(fruits, sweets, etc.) were more likely to continue 
vaping76. Refreshing flavors have been associated 
with higher rates of use and increased frequency of 
consumption77. Additionally, flavors have also been 
found to enhance the attractiveness of the product 
and influence perceptions of harm63,75.

Adolescents’ perceptions of negative health 
consequences are lower for ECs than for conventional 
cigarettes61-64, which favors their use. This positive 
perception of EC use includes favorable beliefs 
regarding the social and psychological benefits of 
their use78, as well as positive outcomes in affect 
regulation79.

In addition, those who used any tobacco product 
perceived ECs as less harmful compared to abstainers, 
with the belief that ECs have lower addiction 
potential and are safer than conventional cigarettes80. 
Adolescents also perceive that using ECs implies a low 
health risk60, which favors their use.

In Figure 4, the number of studies confirming 
each motive for EC use in adolescents is presented, 
considering their experimental design. The motives 

for consumption with the strongest empirical support, 
based on the number and quality of studies, are 
low risk perception and flavors, both with three 
longitudinal studies and one cross-sectional study. All 
these studies are of low quality according to GRADE46.

EC use, the consolidation of adolescent tobacco 
and other substance use
ECs may serve as a gateway to later conventional 
cigarette use81-84. Adolescents aged 13–14 years (early 
users) who use ECs have higher rates of subsequent 
cigarette smoking initiation than adolescents aged 14–
15 years (late users) who report using ECs49. Frequent 
EC use was associated with a greater probability of 
cigarette smoking85. However, this increased risk 
was observed among adolescents who had no prior 
intention to smoke, but not among those who had 
previously expressed an intention to smoke86.

Vogel et al.74 indicate a significant increase in the 
percentage of daily users, frequency of use, nicotine 
exposure and dependence among adolescents who 
use ECs. It is also associated with future alcohol and 
marijuana use48,87-93, and non-prescription drug use91. 
Staff et al.73 have found positive links between EC use 
and other substance.

In Figure 5, the number of studies confirming the 

Figure 4. Number of studies analyzed that confirm each reason for EC use
Figure 4. Number of studies analyzed that confirm each reason for EC use 
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Table 3. Description of the studies selected about the association of EC use with the consolidation of tobacco 
and other substance use, and the evidence on EC use as a smoking cessation strategy

Authors Study type Sample Objectives Main results and conclusions

Ahuja et al.65 Longitudinal 
study

N=243 
exclusive EC 
users (last 30 
days) among 
American 
adolescents

To examine the association of 
socioecological factors with 
smoking cessation behavior 
among adolescents.

Individual-level factors (perception of harm) and 
interpersonal factors (EC use at home and by significant 
others) may play a significant role in EC cessation 
behavior, decreasing the likelihood of quitting ECs.

Audrain-
McGovern 
et al.87

Longitudinal 
study

N=2668 
American 
students
aged 14–15 
years 
who never 
used marijuana 
(24-month 
follow-up)

To examine whether adolescent 
use of EC, hookah, or combustible 
cigarettes is associated with 
marijuana initiation and current 
use, as well as co-use of tobacco 
and marijuana.

Use of any tobacco products (EC, hookah, and 
combustible cigarettes) at the start of the study 
was associated with tobacco and marijuana use 24 
months later  → EC or hookah use in early adolescence 
more than doubled the odds of using both tobacco 
and marijuana in mid-adolescence. Evidence of a 
prospective relationship between adolescent EC use and 
narghiles and the risk of marijuana initiation and use.

Azagba88 Cross-
sectional 
study

N=23429 
Canadian 
students 
aged 14–18 
years

To examine associations between 
EC use, dual use and frequency of 
cannabis use.

Sequential risk gradient: dual users at highest risk of 
cannabis use, followed by only cigarette users, only EC 
users with non-users as the lowest risk group. Clustering 
risk behaviors of EC users.

Azagba et 
al.85

Cross-
sectional 
study

N=51662
 Canadian 
students aged 
12–18 years

To examine the frequency of EC 
use among cigarette smokers and 
non-cigarette smokers and the 
association between frequency of 
EC use and smoking.

Frequent EC use was associated with increased odds 
of cigarette smoking. EC use is more common among 
those who have occasionally smoked and in the past 30 
days compared to adolescents who have never smoked.

Figure 5. Number of studies analyzed that confirm the relationship between the use of EC and the 
consumption of conventional cigarettes and other substances

Figure 5. Number of studies analyzed that confirm the relationship between the use of EC 

and the consumption of conventional cigarettes and other substances 
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Authors Study type Sample Objectives Main results and conclusions

Bentivegna 
et al.89

Longitudinal 
study

N=7551 
American 
students
aged 12–17 
years
N=328 
occasional 
e-cigarette 
users,
N=7223 never 
consumed

Examining the longitudinal 
relationship between EC and 
multiple substance use.

EC use associated with marijuana use, marijuana 
in electronic nicotine devices, over-the-counter 
medications (such as Ritalin/Adderall), and use of 
various substances, but not pain relievers, sedatives, or 
tranquilizers.
ECs may encourage and facilitate additional risk-taking 
behaviors in young people. Initial EC use was associated 
with future use of multiple substances → more 
worrisome progression in youth who use ECs.

Bowe et al.47 Cross-
sectional 
study

N=4150 
Irish 
adolescents 
aged 15–16 
years

To describe the epidemiology 
of current just EC use, just 
conventional cigarette smoking, 
and dual use and to examine and 
compare family, peer group, and 
individual factors associated with 
these behaviors.

Dual use may represent a transition to the use of 
tobacco products, a process known as the gateway 
effect.

Case et al.94 Cross-
sectional 
study

N=2891 
American 
students 
aged 12–17 
years 

Examine the elements related to 
dropout by use group (just EC 
users versus dual users).
To examine the prevalence of 
nicotine dependence symptoms 
specific to ECs.

Dual teens may see EC as less harmful  → less 
motivated to stop using. Experiencing more EC-specific 
dependence symptoms was associated with lower odds 
of both wanting to quit and attempting to quit in the 
past year.

Chaffe et 
al.81

Cross-
sectional 
study

N=1295 
American 
students 
aged 12–17 
years 
who had 
smoked a 
cigarette (≥1 
puff) but had 
not yet smoked 
100 cigarettes

To evaluate the associations 
between EC use and progression 
to established smoking among 
adolescents who had already tried 
cigarettes.

Among adolescents who experimented with cigarettes, 
EC use was positively and independently associated with 
progression to established current smoking → ECs do 
not deter cigarette smoking and may promote it in this 
population.
EC use is more likely to encourage youth to smoke than 
to deter them from smoking once they have already 
experimented with cigarette use.

Chang and 
Seo48

Cross-
sectional 
study

N=14638 
American 
students
In age 
categories:  
12–14 years 
15–16 years
17–18 years 

Examine whether EC use is related 
to other risk behaviors and 
whether age and gender play a 
role in these associations.

Moderating effect of age and sex on the association 
between EC use and certain risk behaviors → Older 
students and males more likely to use ECs.
EC users are more likely to use other substances, 
including cigarettes, alcohol, and marijuana 
simultaneously.

Duan et al.90 Longitudinal 
study

N=19503 
Americans 
aged 12–17 
years 
who had never 
consumed 
cannabis (5049 
in Round 1, 
6566 in Round 
2, and 7888 in 
Round 3)

To investigate whether the 
association between initial EC 
use and subsequent cannabis 
consumption differs depending on 
the state’s recreational cannabis 
legalization status.

EC use is associated with cannabis initiation among 
youth.
In adolescents who had never consumed cannabis and 
lived in states that legalized recreational cannabis use 
for adults, EC use was significantly associated with a 
higher risk of subsequent cannabis initiation.

Table 3. Continued
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Authors Study type Sample Objectives Main results and conclusions

Evans-Polce 
et al.91

Cross-
sectional 
study

N=717 
American 
students 
aged 18–19 
years (from 
2014 to 2016 
cohorts)

Examine associations of ECs with 
use of marijuana, alcohol, non-
prescription drugs.

EC users:
-  Increased likelihood of using non-prescription drugs, 
other drugs and alcohol one year later.
- Increased risk of cigarette and marijuana use
Strong association between EC use and marijuana use.

Evans-Polce 
et al.82

Cross-
sectional 
study

N=36506 
American 
students 
aged 13–16 
years

Examine patterns of use onset 
and compare with 2015, 2016 
and 2017, Examine associations 
with perceptions, behaviors and 
intentions to consume.

Use of EC as a smoking cessation aid may be declining 
even more for young people, and EC use initiation 
followed by smoking initiation appears to be increasing.

Foxon et 
al.95

Longitudinal 
study

American 
adolescents 
aged 12–17 
years
N=12500
N=31000

Examine the prevalence of 
exclusive EC use, cigarette use, or 
dual use and determine the ages 
of onset.

ECs have a higher age of onset compared to cigarettes. 
ECs have not increased the overall prevalence of 
nicotine consumers. ECs have not acted as a risk factor 
(gateway to cigarette use). The findings are more 
consistent with the idea that ECs deter adolescents from 
cigarette use, as ECs are estimated to be less harmful, 
thus having substantial implications for harm reduction 
regarding subsequent nicotine use.

Jongelis et 
al.79

Cross-
sectional 
study

N=4617 
Australians 
aged 12–17 
years

To investigate susceptibility to EC 
use among Australian adolescents 
who had never smoked cigarettes 
or used ECs.

45% of the sample who had never smoked or vaped 
were susceptible to future vaping. Important correlates 
of susceptibility included the belief that EC use helps 
with smoking cessation.

Kinnunen et 
al.72

Longitudinal 
study 

N=5742 
students
baseline 2011 
(aged 12–13 
years), second 
survey 2014 
(aged 15–16 
years)

Explore whether EC use with or 
without nicotine predicts daily use 
of EC and conventional cigarettes. 

Similar risk factors for EC and conventional cigarette 
and for boys and girls.
Low academic performance strongest predictor of EC 
experimentation (excellent academic performance 
protects).
Parental smoking increased risk of experimenting with 
EC and smoking, slightly more among girls than boys.

Kinnunen et 
al.83

Longitudinal 
study

N=3474 
students
baseline 2014 
(aged 15–16 
years), second 
survey 2016 
(aged 17–18 
years)

To explore if EC use with or 
without nicotine predicts daily use 
of EC and conventional cigarettes.

Experimentation with nicotine EC serves as a gateway 
to later use of conventional cigarettes and nicotine EC.

Kinnunen et 
al.52

Cross-
sectional 
study

N=12167 
European 
students 
aged 
13–18 years 
(Netherlands, 
Portugal, 
Ireland, 
Germany, Italy, 
Belgium and 
Finland)

Identify the social correlates of 
EC use, and if they are the same 
for EC-only use, conventional 
cigarette-only use, and dual use.

ECs appear to be complementary to conventional 
cigarettes. They are primarily another nicotine product 
in addition to conventional cigarettes, and not a 
replacement for them.

Table 3. Continued
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Lechner et 
al.80

Longitudinal 
study

N=1023 
American 
students
Average 
age=12.2 years
Survey every 
6 months for 
two years, and 
one at end of 
year

To examine the specific role of 
cognitive susceptibility to smoking 
prior to initiating use of any of 
the products, while controlling for 
other common risk factors.

Cognitive susceptibility to smoking → risk factor for 
future cigarette or EC use.

Owotomo et 
al.86

Prospective 
cohort study

N=8661 
American 
adolescents 
aged 12–17 
years

Examine if the likelihood of 
switching from EC use to 
cigarettes differs according to the 
intention of smoking.

EC use was associated with an increased risk of cigarette 
smoking among those who had no prior intention to 
smoke → it is plausible that EC users start out with no 
intention to smoke conventional cigarettes, but develop 
a nicotine use disorder that creates the intention to 
smoke and subsequent EC use.

Park et al.92 Longitudinal 
study

N=801 
American 
adolescents 
aged 13–15 
years

To determine if different EC use 
patterns are associated with 
alcohol and marijuana use.

Both high and low levels of EC use are associated 
with increased use of other substances (alcohol and 
marijuana).

Staff et al.73 Longitudinal 
study

N=11564 
English 
adolescents 
aged 14 years 
and their 
parents

Identify links between EC use, 
delinquency and other substance 
use.

Intermediate position of exclusive EC users between 
non-users and dual/fuel users → emerging ECs pattern 
of health risk behaviors and maladaptation for some 
youths.

Vogel et al.74 Longitudinal 
study

N=173 
American 
adolescents 
aged 
13–18 years 
(consumed at 
least once in 
last 30 days 
and at least 10 
times in their 
lifetime)

Examine the reasons to use 
and stop using ECs. Determine 
persistence in EC use and dual 
consumption and stability in 
frequency and dependence of EC 
use.

No dual users abstained from both products at any 
of the follow-ups  → little evidence of a smoking 
cessation benefit among dual users. Significant 
increases in frequency of use, nicotine exposure and 
dependence on ECs.
The percentage of daily EC users doubled from 14.5% at 
baseline to 29.8% at 12-month follow-up.

Vrinten et 
al.69

Longitudinal 
study

N=9731 
English 
students 
aged 14 
(baseline) to 17 
years (follow-
up)

Describe patterns of EC and 
cigarette consumption.

Identified four probabilistic classes: ‘continuous 
abstainers’, who did not use any product; 
‘experimenters’, with low levels of irregular use; ‘late 
adopters’, with low levels of use at age 14 but higher 
use at age 17; ‘early adopters’, with high levels of use at 
both ages 14 and 17.
Higher levels of experimentation with ECs than with 
cigarettes, but low levels of current use.
Tobacco and/or EC use by caregivers and smoking 
among peers were associated with onset of 
consumption.

Table 3. Continued
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time98. As in previous literature regarding smoking, 
greater family acceptance and use of ECs as a risk 
factor for problematic EC use, or friendships with 

people who are more likely to use ECs4,62,72 or 
friendships5,6, is also confirmed in the investigations 
analyzed in the present study50-52,56,57,59,60,64-69.

Table 3. Continued

Authors Study type Sample Objectives Main results and conclusions

Wang et al.93 Longitudinal 
study

N=9692 
American 
adolescents 
aged 12–16 
years 
who had never 
used cannabis

To examine the association 
between EC use and cannabis 
consumption over a 12-month 
follow-up period.

EC use was significantly associated with subsequent 
initiation of cannabis consumption.

Yang et al.84 Longitudinal 
study

N=1977
students 
initially 
recruited in 
2013 and 
followed every 
6 months

Describe the transition 
probabilities of EC and cigarette 
use over time.

ECs were more strongly associated with subsequent 
initiation of cigarette consumption than vice versa, 
although the use of either product seems to promote 
the use of the other.
ECs reduced the likelihood of being used as a successful 
aid to quit smoking for cigarette smokers.

Zavala-
Arciniega et 
al.56

Cross-
sectional 
study

N=951 
Mexican 
students 
aged 12–13 
years
 at baseline 
who have used 
in the past 
month

To assess the correlates of the 
frequency of EC use among 
Mexican students who currently 
use EC.

Few students used CE for smoking cessation (7.5%).

Figure 6. Number of studies analyzed that confirm the relationship between the use of EC and the 
consumption of conventional cigarettes and other substances

Figure 6. Number of studies analyzed that confirm the relationship between the use of EC 

and the consumption of conventional cigarettes and other substances 

 

 

 

 

 

 

2

3

1

3 1

0 1 2 3 4 5

EC as a smoking cessation strategy in
adolescents (evidence against)

EC as a smoking cessation strategy in
adolescents (limited evidence)

EC as a smoking harm reduction strategy

Dual use of EC and conventional cigarettes

Cross-sectional study Longitudinal study

https://doi.org/10.18332/tid/196679


Tobacco Induced Diseases 
Review Paper

Tob. Induc. Dis. 2025;23(January):1
https://doi.org/10.18332/tid/196679

17

relationship between EC use and the consumption 
of conventional cigarettes and other substances is 
presented, considering their experimental design. The 
substances with the strongest empirical support, based 
on the number and quality of studies, are cannabis 
with five longitudinal studies87,89,90,92,93 and three 
cross-sectional studies48,88,91; followed by conventional 
cigarette consumption, with three longitudinal 
studies72,83,84, three cross-sectional studies47,81,85, and 
one prospective cohort study86. Alcohol consumption 
follows, with two cross-sectional studies48,91 and one 
longitudinal study92. All these studies are of low 
quality according to GRADE46, except Coneer et al.49, 
which provides high-quality evidence regarding the 
early use of ECs increasing the risk of conventional 
cigarette consumption.

ECs as a smoking cessation strategy in 
adolescents
Dual use of ECs and conventional cigarettes is the 
most frequent behavior among adolescent users of 
nicotine products45. In the study by Vogel et al.74 

none of the dual users abstained from both products 
at any of the follow-ups. Thus, for adolescents, ECs 
appear to be a complementary nicotine product to 
conventional cigarettes, and not a replacement47,52. 
Here, the use of ECs as a smoking cessation strategy 
is uncommon in adolescents56,82,84. Adolescents do 
not initiate EC use with the desire to reduce or quit 
smoking55, in fact ECs do not deter cigarette smoking 
habits and may foster it in this population81. Adults 
are significantly more likely than adolescents to 
report using ECs for smoking cessation or reduction 
purposes75. Adolescents who dual use may view ECs 
as less harmful and, therefore, may be less motivated 
to quit using them94. In addition, experiencing more 
EC-specific dependence symptoms was associated 
with lower odds of both wanting and attempting to 
quit in the past year94. However, Foxon et al.95 did find 
that ECs may have substantial implications for harm 
reduction among youth (Table 3).

In Figure 6, the number of studies confirming 
the limited evidence regarding the use of ECs as 
a smoking cessation strategy in adolescents (with 
three cross-sectional studies56,79,82) or as a harm 
reduction strategy in smoking (with one cross-
sectional study94) is presented. Conversely, there 

are two cross-sectional studies81,85 that find evidence 
against the use of ECs as a smoking cessation 
strategy in adolescents. In fact, the highest quality 
evidence, through one longitudinal study95 and three 
cross-sectional studies47,52, indicates that EC use is 
a complementary form of nicotine consumption 
to conventional cigarettes, with dual use of both 
modalities observed. All these studies are of low 
quality according to GRADE46.

DISCUSSION
The present study posed the following research 
question: ‘What are the risk and protective factors for 
e-cigarette use among adolescents, its association with 
tobacco and other substance use, and the evidence of 
its use as a smoking cessation strategy?’. To address 
this question, the aim was to determine the current 
evidence on risk and protective factors, and motives 
for EC use among adolescents. Additionally, the aim 
was to investigate whether EC use is associated with 
increased risk of tobacco smoking and consumption of 
other substances, and what evidence exists regarding 
the use of ECs as a harm reduction strategy or for 
smoking cessation in adolescents.

The findings point out various risk factors 
repeatedly found in studies and some of the 
reasons for EC use in adolescents. The evidence 
on the relationship between EC use and smoking 
and consumption of other substances is abundant, 
indicating a positive relationship. And, regarding 
the use of ECs as a harm reduction strategy or for 
smoking cessation in adolescents, the evidence is not 
conclusive. However, most studies are of low quality 
according to the GRADE criteria, so the evidence 
should be considered weak, highlighting the need for 
the development of studies that provide more robust 
findings.

Evidence on risk and protective factors and 
prevention proposals
Concerning risk factors, no changes are evident 
between the previous and current evidence 
with respect to gender, with males being the 
main users47,48,50-56,59,97. The existing evidence for 
sensation seeking is also consistent59,97 and so is 
impulsivity59,98-100. However, sensation seeking may 
not be an important factor in sustained EC use over 
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The analysis of age as a risk or protective factor 
for the use of ECs is one of the novel findings of 
most recent studies included in the present study 
compared to previous literature. However, there is no 
consensus. Some authors find that older adolescents 
are less likely to use ECs compared to younger 
ones57, while others find completely the opposite 
where older adolescents are more at risk48,52,58,71.  
In this regard, all studies are cross-sectional, with 
variability also in terms of sample size and the country 
in which they are conducted, which poses a number 
of limitations for establishing conclusive evidence. 
Future studies with more robust experimental designs 
can clarify this issue. 

The Framework Convention on Tobacco Control39 
highlights the concern about tobacco use by children 
and adolescents, especially highlighting the risk and 
need for intervention at progressively younger ages. 
Importantly, those who start smoking in adolescence 
are at increased risk of becoming daily smokers100. 
Although the long-term effects are still unknown, 
nicotine exposure during adolescence may have 
adverse consequences for brain development and 
could lead to dependence21,101-103. Consequently, 
regardless of the age of adolescents, not using ECs 
and other forms of tobacco use should be encouraged.

Based on the evidence accumulated and confirmed 
in the present study, the components that clearly 
should be incorporated into school-based universal 
prevention programs are those that address 
sensation seeking, impulsivity control and the social 
normalization of consumption. From a theoretical 
framework, this finding is consistent with the theory 
of planned behavior104. The probability that an 
adolescent has used an EC is a function of the use of 
friends (social norms), expectations about costs and 
benefits (beliefs), and self-efficacy to resist (perceived 
control). Also related to this, direct social influence 
(pressure)105 as well as indirect (group expectations, 
modeling, etc.) social influence processes106 may play 
a relevant role in the initiation and maintenance of 
EC use. Adolescents exposed to ECs report lower 
self-efficacy to resist use57. Consequently, false beliefs 
related to the normalization of consumption and also 
on the perception of low risk associated with the use 
of ECs, a strategy skillfully used by the industry, must 
be dismantled60-64,78-80.

Nevertheless, beyond risk and protective factors, 
it is important to consider the importance of the 
vulnerability that these factors create in adolescents and 
identify individuals or groups that are more vulnerable. 
Perhaps the future challenge of prevention will be 
to establish mechanisms for detecting vulnerability 
to drug use at an early age, and to devise effective 
responses through selective and appropriate prevention 
programs aimed not only at these minors but also their 
immediate environment, such as family and school.

It should not be forgotten that the family plays a 
relevant role. Parents act as role models, reflecting 
that smoking is not harmful50,51,62,65,67,69,72. In the same 
way, the positive influence of parents against tobacco 
consumption can cushion the effect of peer norms 
and positive expectations in a teenager’s decision to 
participate in EC use96. This suggests that in order 
to reduce the consumption of tobacco and related 
products, such as ECs, in the adolescent population, 
it is not enough to implement preventive programs 
aimed at them. It is essential to include the social 
responsibility of the adult community and families. 
Consequently, public policies should promote 
measures that have been shown to be effective in 
reducing smoking in adults from an environment 
perspective, such as increasing the price of tobacco, 
restricting consumption in public spaces, restricting 
consumption in private spaces with the presence of 
minors, such as cars, sustained information campaigns 
on tobacco and health, and promoting smoking 
cessation programs.

In addition, schools play a key role. As noted in 
previous studies107, excellent academic performance 
is a protective factor against experimentation with 
ECs72. The combination of gender and educational 
environment has also been found to be a determinant. 
Being a boy and belonging to schools with high 
levels of heavy alcohol and marijuana use is an 
EC use risk factor compared to being a girl in the 
same school environment71. Consequently, schools 
can contribute in reducing the use of tobacco and 
related products, as well as other drugs, through 
school policy that promotes health. This can include 
measures such as: 1) restricting consumption in 
internal and surrounding areas, applicable to teachers, 
students and families; 2) establishing protocols for the 
detection of consumption and underage consumers, 
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and coordinated management with the family and 
specific social and health devices; 3) promoting 
school reinforcement programs for children with 
poor academic performance; and 4) providing and 
sustaining drug use prevention programs that have 
proven their effectiveness, as opposed to the tendency 
to incorporate pseudo-prevention actions not based 
on scientific evidence or good practices.

Evidence on the reasons for EC use and 
preventive proposals
In the present study, consistent with previous 
studies12-14, the main reasons reported for EC use 
initiation and consolidation were socialization, 
enjoyment, flavors74 and curiosity56,60,64,75, a lesser 
perception of the negative health consequences of 
conventional cigarettes57,61-64,80. This suggests that 
ECs, marketed as a healthier and socially acceptable 
alternative, appeal to an adolescent population that 
would otherwise engage in positive lifestyle behaviors 
and not use conventional cigarettes47. However, Vogel 
et al.74 indicate a significant increase in the percentage 
of daily users, frequency of use, nicotine exposure and 
dependence among adolescents who use ECs.

Therefore, there is a need for adolescents to have 
better knowledge about EC content, perceptions 
of harmfulness and addictiveness, as these have all 
been linked to lower intention to try ECs, and thus 
prevent or delay the use of ECs or even conventional 
cigarettes108. But it is also necessary to implement 
the measures contemplated in the Framework 
Convention on Tobacco Control39, especially those 
pertaining to advertising, advancing legislation that 
leaves no loopholes for indirect or hidden advertising. 
Consistent with studies developed in this regard 
on tobacco41 and cannabis109, specific actions are 
suggested for the regulation of direct, indirect and 
covert advertising through audiovisual media (cinema, 
series, documentaries), video games, internet, social 
networks, influencers and dissemination of fake news, 
and in the sponsorship of leisure events aimed at the 
adolescent and youth population.

Evidence on the association of EC use with the 
consumption of other substances and preventive 
proposals
The present study reveals the broad consensus that 

EC use may facilitate smoking initiation17-24,51,67 and 
the need to emphasize once more that ECs may 
serve as a gateway to subsequent conventional 
cigarette use49,81-85. This is important because it 
occurs whether ECs are used with nicotine or non-
nicotine cartridges. Vaping familiarizes users with 
the sensorimotor and social components associated 
with smoking110. There are studies that show that 
adolescents who vape without having used tobacco 
are more likely to initiate tobacco use than those who 
have not21, and those who vape frequently are more 
likely to use tobacco 6 months later111. In addition, 
those youths who use conventional tobacco or use 
ECs are more likely to use cannabis via ECs112. In 
short, it is advisable to denormalize the use of non-
nicotine ECs in both adolescent and adult populations, 
to increase the risk perception of its use. It is not a 
harmless product, and it behaviorally and contextually 
predisposes subsequent consumption of ECs with 
nicotine and conventional tobacco. This objective 
should be incorporated transversally in prevention 
with adolescents, families and in those environmental 
prevention measures aimed at informing and raising 
awareness among the population about the risks of 
EC use.

In addition, the evidence that EC users are more 
likely to use other substances is reinforced by the 
findings. This is confirmed for alcohol3,28,48,54,91,92, 
cannabis 28-31 ,48 ,88 ,90-93 and non-prescr ipt ion 
drugs28,29,30,89,91. This suggests a substance use 
progression of more concern for young people using 
ECs, as nicotine may be priming the adolescent brain 
for future use of other substances89. It may also be due 
to the presence of risk factors common to the use of 
different substances. Both perspectives reinforce the 
idea of adolescents with greater vulnerability, and the 
need to focus preventive efforts on early detection and 
early intervention with them and in their immediate 
environment.

Evidence on the use of ECs as a smoking 
cessation strategy and preventive proposals
That ECs are an effective strategy for smoking 
cessation is the Trojan horse used by the industry 
to promote the belief among consumers that it is 
a healthier option than conventional tobacco and 
the solution for those who wish to quit. However, 
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as cessation strategy, there is clear evidence that 
it is of little value to adolescents. This is a new 
finding in most current literature, since the previous 
studies examined did not refer to the adolescent 
population55,56,81,82,84. In fact, the usefulness of ECs as 
a nicotine replacement therapy device in the adult 
population is only confirmed in a very small number 
of controlled clinical trials and would be conditional 
on whether the smoker knows how to self-administer 
the appropriate nicotine dose36. This condition is 
unlikely in the adolescent population, who receive 
all the pernicious properties of nicotine without 
the suggested harm reduction benefits113. Second, 
ECs appear to be complementary to conventional 
cigarettes, meaning that they are a nicotine product 
in addition to conventional cigarettes, and not a 
substitute47,52. Furthermore, as noted above, frequent 
use was associated with increased odds of cigarette 
smoking49,51,67,82,85. In fact, ECs and conventional 
cigarette dual use is the most frequent behavior 
among adolescent users of nicotine products47.

What are the implications of being a dual user of 
ECs and conventional cigarettes? Evidence indicates 
that dual users tend to maintain consumption of both 
products over time74. This could be explained by the 
fact that experiencing more EC-specific dependence 
symptoms was associated with lower probability of 
both wanting to quit and attempting to quit in the 
past year94. Also, dual user adolescents may view ECs 
as less harmful and therefore be less motivated to quit 
using them94.

On the other hand, and in contrast to previous 
studies1, the risk factor profiles of exclusive EC users 
were found to differ from dual and conventional 
cigarette users47,68. Several studies have found a 
sequential risk gradient for risk behaviors73 specifically 
for cannabis consumption88. But all of these studies73,88 
agree on the order of user risk led by: 1) dual users 
with the highest risk; followed by 2) traditional 
cigarette smokers only; 3) EC users only; and 4) non-
users with the lowest risk.

Limitations
This systematic review is not without limitations. The 
results obtained cannot establish causal relationships, 
as essentially more than half of the studies were 
cross-sectional. At the methodological level, all 

selected studies were of good methodological quality, 
although the quality of evidence according to GRADE 
is low or very low in most cases. This, along with the 
heterogeneity of study designs, suggests that most 
findings should be interpreted with caution. Future 
studies with better experimental designs are needed 
to confirm the observed findings, providing greater 
robustness to the evidence regarding the aspects 
analyzed in relation to EC use. Another limitation of 
the present study is the lack of a meta-analysis, which 
could be conducted in the future with higher-quality 
studies. However, given the geographical diversity 
of the samples used, the findings are not broadly 
generalizable as most come from countries belonging 
to high-income economies.

CONCLUSIONS
There is a need to improve the quality of the designs 
of future studies, to obtain more robust evidence. Out 
of the 50 studies analyzed, only 2 were randomized 
controlled trials; and among observational studies, 20 
were longitudinal studies. Despite these limitations, 
the direction of the evidence has not substantially 
changed in recent years, but rather has been 
reinforced. Regarding the risk factors to adolescents 
with the strongest empirical support, these include: 1) 
greater acceptance and use of ECs in their social circles 
(family or friends); 2) gender, indicating that males 
have a higher use of ECs; 3) low risk perception; 4) 
age, where a younger age indicates a higher risk; and 
5) greater availability of money among adolescents. 
The consumption motives most supported by the 
evidence found in this study are flavors and the 
perception of low risk. Regarding the use of ECs 
and cigarette consumption and initiation of smoking, 
the evidence found confirms previous literature. It 
also confirms its relationship with the consumption 
of cannabis and alcohol. The evidence on the use of 
ECs as a strategy to reduce harm or quit smoking 
in adolescents is contradictory. In fact, the evidence 
indicates that the use of ECs is a complementary form 
of nicotine consumption to conventional cigarettes, 
with dual use of both being observed.

Based on these findings, it is clear that tobacco 
consumption and the use of ECs are not an individual 
responsibility attributable to adolescents, but rather 
the consequence of an accumulation of factors that 
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make them vulnerable to consumption. This implies 
a community approach, with preventive policies at 
the state and municipal levels involving all social 
and educational agents, with special emphasis on the 
family, especially those who are also more vulnerable 
to tobacco consumption.
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