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Abstract: Electronic cigarettes (e-cigarettes) use is becoming increasingly common, especially among
adolescents and young adults, and there is little evidence on the impact of e-cigarettes use on
never-smokers. With a meta-analysis method, we explore the association between e-cigarettes use
and smoking intention that predicts future cigarette smoking. Studies were identified by searching
three databases up to January 2016. The meta-analysis results were presented as pooled odds ratio
(OR) with 95% confidence interval (CI) calculated by a fixed-effects model. A total of six studies
(91,051 participants, including 1452 with ever e-cigarettes use) were included in this meta-analysis
study. We found that never-smoking adolescents and young adults who used e-cigarettes have more
than 2 times increased odds of intention to cigarette smoking (OR = 2.21, 95% CI: 1.86-2.61) compared
to those who never used, with low evidence of between-study heterogeneity (p = 0.28, I? = 20.1%).
Among never-smoking adolescents and young adults, e-cigarettes use was associated with increased
smoking intention.
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1. Introduction

Although reductions in the smoking prevalence were observed at global level since 1980,
the tobacco pandemic remains a threat to the health of the world’s population [1]. As the second
most important risk factor for global disease burden, tobacco use accounted for 6.1 million deaths and
143.5 million disability-adjusted life-years (DALYs) across the world in 2013 [2]. Currently, nations are
striving to curb tobacco use and reduce its harm. Considering that the majority of smokers begin to
smoke during their adolescence [3], preventing youth initiation and transition to established smoking
are critical public health issues that deserve more attention.

Smoking intention, defined as the lack of a firm commitment not to smoke among never-smokers,
is strongly predictive of future established smoking [4-6]. A growing body of literature has
identified varying factors associated with smoking intention, such as parental or peer smoking,
exposure to secondhand smoke inside or outside the home, pro-tobacco advertising, and school
connectedness [7-9]. However, additional studies are warranted in this direction with the advent of
electronic cigarettes (e-cigarettes).

E-cigarettes are battery-powered nicotine-delivery devices that mimic conventional cigarettes by
vaporizing a liquid mixture consisting of propylene glycol, glycerin, flavorings, nicotine, and other
chemicals. Since invented in 2003, e-cigarettes have been hotly debated regarding the safety and
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efficacy for smoking cessation [10-14]. While arguments between both sides of advocates and critics
persist, e-cigarettes use has rapidly increased globally [15], especially among youth [16,17]. Moreover,
given the majority of users among youth are never-smokers [18,19], whether youth use of e-cigarettes
may serve as a gateway to cigarette smoking has been discussed in previous studies [20,21]. However,
up to date, the effect of youth e-cigarettes use on subsequent cigarette smoking remains unclear. In the
present study, we use meta-analysis method to explore the association between e-cigarettes use and
smoking intention among adolescents and young adults to contribute to the much-needed evidence.

2. Materials and Methods

2.1. Literature and Search Strategy

Epidemiological studies on the association between e-cigarettes use and smoking intention were
searched through three databases (PubMed, Springer Link, and Elsevier) from 2003 to January 2016.
Smoking intention was defined as the lack of a firm commitment not to smoke among never-smokers,
with the answer yes to one or two questions derived from previous studies [4-6]: “Do you think
you will smoke a cigarette in the next year (or two years)?” and “If one of your best friends were to
offer you a cigarette, would you smoke it?” Detailed definitions were shown in Table 1. The main

/A7 A7,

search terms included “electronic cigarette”, “e-cigarette”, “electronic nicotine delivery systems”,
“vaping”, “vaper”, “vapor”, “smoking intention”, “susceptibility to smoke”, “openness to smoke”,
and “willingness to smoke”. Reference lists of retrieved literature were also screened.

The present study was carried out following the Meta-analysis of Observational Studies in

Epidemiology (MOOSE) guidelines [28].

2.2. Inclusion Criteria and Data Extraction

Selected studies in this meta-analysis met the following criteria: (1) reporting the association
between e-cigarettes use and smoking intention; (2) providing the effect value with 95% confidence
interval (CI) or data to calculate these; (3) the study population must be never-smokers. Two authors
independently assessed the eligibility of studies and extracted information from each eligible study.
The information included (1) name of the first author; (2) year of publication; (3) participants and
sample size; (4) data source and location; (5) study type; (6) measures definition; (7) variables adjusted.

2.3. Statistical Analysis

Heterogeneity between studies was assessed using a Q-test and the I? statistic [29]. For the
Q-test, p value < 0.05 was considered statistically significant. The low, moderate, and high degrees
of heterogeneity correspond to 12 values of 25%, 50%, and 75%, respectively. If there was significant
heterogeneity, a random-effects model would be used to assign the weight of each study according to
the DerSimonian-Laird method [30]. If there was evidence of no heterogeneity, we used a fixed-effects
model with effect estimates that were given equal weight to the inverse variance of the study. To test
robustness of the present meta-analysis result, a sensitivity analysis was performed with excluding
outliers. Publication bias was assessed by Egger’s regression asymmetry test (p value < 0.05 was
considered statistically significant). All the statistical analyses were conducted with STATA Version 11
software (StataCorp LP, College Station, TX, USA).
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Table 1. Information of the studies included in the meta-analysis.
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Participants (No. of

Study (year) Source Ever e-Cigarettes Location Design Measures Variables Adjusted
Users/Participants)
Bunnell RE, et al. 2011-2013 National ~ Students in grades . 2011-2013 National Youth Tobacco Survey (NYTS) Sex, race/ethnicity, school
(2015) [22] Youth Tobacco 6-12 (541/43,873) USA Cross-sectional Smoking intentions: “Do you think you will smoke a cigarette in the next level, number of distinct
Survey (NYTS) year?” and “If one of your best friends were to offer you a cigarette, would sources of pro-tobacco
you smoke it?” Response options included: “definitely yes”, “probably yes”, ~advertisement exposure,
“probably not”, and “definitely not”. Those who responded “definitely not”  presence of a tobacco user
to both intentions questions were classified as not having intentions; in the household, and
otherwise, respondents were classified as having intentions. survey year
Ever electronic cigarettes use: students who selected “Electronic Cigarettes or
E-cigarettes, such as Ruyan or NJOY” to the question “Which of the following
products have you ever tried, even just one time?” were considered ever
e-cigarette users.
Coleman BN, et al. ~ 2012-2013 National  Young adults aged . 2012-2013 National Adult Tobacco Survey (NATS) Sex, age group,
(2015) [23] Adult Tobacco 18-29 years UsA Cross-sectional Openness to smoking: “Do you think you will smoke a cigarette soon?” and ~ race/ethnicity, educational
Survey (NATS) (341/4310) “Do you think you will smoke a cigarette in the next year?” Response options ~ attainment, US Census
were: “Definitely yes”, “Probably yes”, “Probably not”, and “Definitely not”. ~region, ever use of
A binary composite variable was created, and those who responded with any ~ smokeless tobacco, ever use
response option other than a firm intention not to smoke (“Definitely not”) of hookah, ever use of
were categorized as being open to smoking cigarettes and, therefore, cigars, and ever
considered at risk for future smoking. experimentation
Ever electronic cigarettes use: Those who had heard of electronic cigarettes or ~ with cigarettes
e-cigarettes and answered “yes” to the question “Have you ever used an
electronic cigarette, even just one time in your entire life?”
Wang MP, et al. 2012-2013 Youth Secondary 1 to 6 Hong . 2012-2013 Youth Smoking Survey Sex, age, perceived family
(2015) [24] Smoking Survey students with mean Kong Cross-sectional Smoking intentions: Students reported whether they would smoke in the next ~ affluence, peer smoking,
age of 14.6 years 12 months, and when cigarettes were offered by one of their good friendsin ~ parental smoking, and
(59/38,398) two separate items each with four response options of “definitely not”, school clustering effect

s

“probably not”, “probably yes”, and “definitely yes”. Those who chose
“definitely not” for both questions were regarded as having no intention to
smoke and otherwise as having an intention to smoke.

Electronic cigarette use: Students who reported e-cigarettes use in the past 30
days, even one puff.
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Participants (No. of

Study (year) Source Ever e-Cigarettes Location Design Measures Variables Adjusted
Users/Participants)
Moore GF, et al. 2014 Child exposure  10-11 year-old X 2014 Child exposure to Environmental Tobacco Smoke (CHETS) Wales 2 Parents smoke/use
(2014) [25] to Environmental children (77/1467) Wales Cross-sectional Smoking intentions: Future intentions were measured by the question ‘Do e-cigarettes, friends
Tobacco Smoke you think you will smoke in 2 years’ time?’, with response options of smoking, sex, family
(CHETS) Wales 2 ‘definitely yes’, ‘probably yes’, ‘maybe or maybe not’, ‘probably no’, and affluence Scale (FAS)
‘definitely no’.
Electronic cigarettes use: Children were asked ‘Have you ever used an
e-cigarette?” with response options of ‘no’, ‘yes, once’, or ‘yes, more than
once’. Children were classified as having used an e-cigarette if they
responded ‘yes, once’ or ‘yes, more than once’. E-cigarettes were defined as
electronic versions of cigarettes which do not give off smoke.
Wills TA, et al. Survey at four High school students Survey at four public and two private high schools in Hawaii Gender, ethnicity, family

(2015) [26]

public and two
private high schools

with mean age of 14.7 Hawaii
years (418/2309)

Cross-sectional

Willingness to smoking: “Suppose you were with a group of friends and there
were some cigarettes you could have if you wanted. How willing would you
be to ___:” The items were “Take one puff”, “Smoke a whole cigarette”, and
“Take some cigarettes to try later”. Responses were on four-point scales with
response points: Not At All Willing (0); A Little Willing (1); Somewhat
Willing (2); and Very Willing (3). A composite score for willingness to smoke
was the sum of the three items (x = 0.91).

Electronic cigarettes use: The item on e-cigarettes was introduced with the
stem: “Which of the following is most true for you about smoking electronic
cigarettes (E-cigarettes, Volcanos)? (check one)”. Responses were on a
seven-point scale with anchor points Never Smoked an E-cigarette in My Life
to Usually Smoke E-cigarettes Every Day.

structure, parental
education, parental
support, parental
monitoring,
parent-adolescent conflict,
academic competence,
social competence,
sensation seeking,
rebelliousness, smoking
expectancies, prototypes of
smokers, peer

smoker affiliation

Primack BA, et al.
(2015) [27]

Second and third
waves of the United
States-based
Dartmouth Media,
Adpvertising, and
Health Study

Adolescents and
young adults aged
16-26 years (16/694)

USA

Longitudinal cohort

Second and third waves of the United States-based Dartmouth Media,
Adpvertising, and Health Study

Smoking intentions: “If one of your friends offered you a cigarette,

“Would you try it?” and “Do you think you will smoke a cigarette sometime
in the next year?” Responses included “definitely yes”, “probably yes”,
“probably no”, and “definitely no”. Those who responded “definitely no” to
both measures are considered Non susceptible nonsmokers (NSNS), whereas
those who cannot rule out smoking are defined as susceptible.

Electronic cigarettes use: whether participants had ever used an e-cigarette at
baseline? (yes and no).

Sex, age, race/ethnicity,
maternal education level,
sensation-seeking tendency,
parental smoking, close
friends smoking
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3. Results

3.1. Study Characteristics

The process of study selection for this meta-analysis is shown in Figure 1. 20 articles were
excluded from 31 potentially eligible studies because they were reviews, news, studies on model
hypotheses, and/or published without English language. Additionally, it should be noted that four
duplicate articles and one article that combined e-cigarettes with other alternative tobacco products
were also excluded. The detailed information of studies was shown in Table 1. Briefly, a total of six
studies were included in this meta-analysis of e-cigarettes use and smoking intention [22-27]. Among
them, four studies were from the USA, one from China, and one from the UK. All the included studies
reported the final estimates with adjustment for specified confounders.

[ Articles identified m databases (=1933)., ]

—D[ Excluded based on screenmg of titles and abstracts (7=1902)., J

[ Articles retrieved for eligibility (7=31)., ]

A

Excluded (7=20)..

Reviews, news, letter, model hypotheses, not English language
\ 4

[ Articles evaluated m details (7=11).,

J/

/
Excluded (7=3) .

Duplicate articles (7=4).,

E-cigarettes were combmed with other altemative tobacco products (7=1)

-

A 4

6 articles mcluded m the meta-analysis .

Figure 1. Selection of studies for inclusion in meta-analysis.

3.2. Meta-Analysis of Association between E-Cigarettes Use and Smoking Intention

With low degree of heterogeneity (p = 0.28, I? = 20.1%), a fixed-effects model was used to calculate
the pooled odds ratio (OR) with 95% confidence interval (CI) for e-cigarettes use. The pooled analysis
showed that among never-smoking adolescents and young adults, individuals who used e-cigarettes
had a greater smoking intention in the future (OR = 2.21, 95% CI: 1.86-2.61; Figure 2). After excluding
the outlier, the sensitivity analysis result showed that the pooled OR was 2.46 (95% CI = 2.01-3.01) and
there was no significant study heterogeneity (p = 0.64, I? = 0%).
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Study i
No. of participants
ID OR (95% Cl)
Bunnell RE, et al. (2015) 43,873 —_— 1.70 (1.24, 2.33)
Coleman BN, et al. (2015) 4310 —— 2.40 (1.72, 3.34)
Wang MP, et al. (2015) 38398 —_— 218 (1.12, 4.24)
Moore GF, et al. (2014) 1467 —_—— 3.21(1.66, 6.22)
Wills TA, et al. (2015) 2,309 —_— 2.35(1.73, 3.19)
Primack BA, et al. (2015) 694 Y 8.50 (1.28, 56.38)
Overall (l-squared = 20.1%, p = 0.282) O 2.21(1.86, 2.61)
T 2 T
0177 1 56.4

Figure 2. Effect of e-cigarettes use on smoking intention among never-smoking adolescents and young
adults. OR refers to odds ratio; CI refers to confidence interval.

3.3. Publication Bias

As for the publication bias, the Egger’s regression asymmetry test did not give a statistically
significant result (p = 0.15).

4. Discussion

The present study uses meta-analysis method to provide a summary estimate of the effect of
e-cigarettes use on smoking intention among never-smoking adolescents and young adults. With low
evidence of between-study heterogeneity, findings from our meta-analysis confirm that never-smoking
adolescents and young adults who used e-cigarettes have more than two times increased odds
of intention to cigarette smoking (OR = 2.21, 95% CI: 1.86-2.61) in the future. Currently, there is
considerable controversy about the health effects of e-cigarettes and one potential risk that e-cigarettes
may become a new gateway to cigarette use among never-smokers has been identified as a concern by
public health professionals [31,32]. As smoking intention is a strong predictor of future established
smoking [4-6], our findings, in a way, add some tentative support for the probability that e-cigarettes
use encourages the cigarette smoking initiation among never-smoking adolescents and young adults.

Although mechanisms accounting for the effect of e-cigarettes use on cigarette smoking initiation
are complicated and still remain unclear, it is plausible that the nicotine exposure from e-cigarettes may
play an important role in the “gateway effect”. As a nicotine-delivery product, e-cigarettes may serve as
a “nicotine starter” [27]. Adolescents, who have developing brains, are especially sensitive to nicotine
exposure [12], which can create nicotine dependence and lead youth to use tobacco products [33,34].
Currently, new-generation e-cigarettes have evolved to be more efficient and nicotine delivery from
some devices may approach or even exceed that of a tobacco cigarette [35,36]. In theory, the “gateway
effect” would be more apparent in the future. Additionally, secondhand tobacco smoke (SHS) is an
important contributor to nicotine and may potentiate the smoking initiation. A recent systematic
review reveals positive associations between smoking initiation among nonsmokers and SHS and
nicotine dependence, [37]. E-cigarettes, with some of mainstream vapor exhaled, the secondhand
exposure to bystanders is no doubt inevitable and has been identified as a source of nicotine [38,39].
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Hence, we posit that the same process may promote youth who used e-cigarettes to cigarette smoking
initiation. However, given that SHS is a significant public health problem among never-smoking
adolescents [40], the effect of nicotine from e-cigarettes vapor on smoking initiation may be confounded
by SHS inevitably. Except for the biological mechanism of nicotine, psychological mechanism is also
possible. Studies have shown that the greater possibility of e-cigarette use is associated with increased
exposure to parental or peer smoking, which may foster smoking susceptibility [40—-42], suggesting
that e-cigarette use is likely to be a proxy for influences and pressures from family and peer.

The results from our meta-analysis study are subject to several limitations. Firstly, our literature
searching was conducted through only three databases and the possible bias was inevitable. Secondly,
given that most of the included studies are cross-sectional studies in the current meta-analysis, we
cannot infer whether the association between e-cigarettes use and cigarette smoking initiation is causal
or not, and as such, more prospective studies are warranted. Thirdly, the data was self-reported
and susceptible to misreporting. Fourthly, due to a limited number of participants who ever used
e-cigarettes, the observed association between ever e-cigarettes use and smoking intention should be
interpreted with caution.

5. Conclusions

From a public health perspective, our findings that e-cigarettes use by never-smoking adolescents
and young adults is associated with cigarette smoking intention have important implications for the
debates on the benefits and risks of e-cigarettes. In order to reduce the smoking intentions of youth and
prevent them from initiating the first cigarette, we propose that prevention efforts around e-cigarettes
restrictions should be enhanced.
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OR Odds ratio
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CI Confidence interval
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