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Abstract

Objective The aim of this systematic review and meta-analysis was to assess the association between
e-cigarette use and subsequent initiation or recurrence of cigarette smoking.

Data sources A systematic literature search was finalised on 11 November 2019 using PubMed (including
MEDLINE), EMBASE, Cochrane Library, Scopus, PubMed Health, NICE Evidence Search, PROSPERO,
CRD and PsycInfo.

Study selection Studies were included if meeting the following criteria: reporting empirical results;
longitudinal observational design with a minimum of 3 months of follow-up; including general population
samples; allowing for the comparison between users and nonusers of e-cigarettes. Studies rated as having
high risk of bias were excluded. Studies were independently assessed by at least two authors. The
procedures described by PRISMA were followed, and the quality of evidence was rated using GRADE.
Data synthesis 30 longitudinal studies from 22 different cohorts assessing e-cigarette use among
nonsmokers or never-smokers at baseline, and subsequent use of cigarette smoking at follow-up, were
included in this review. A random-effects meta-analysis based on 89076 participants showed a pooled
unadjusted odds ratio (OR) of cigarette smoking among baseline nonsmoker e-cigarette users compared
with nonusers of 4.68 (CI 3.64-6.02), while the adjusted OR was 3.37 (CI 2.68-4.24). These results were
consistent irrespective of whether the outcome was measured as ever-smoking or as past 30-day smoking.
The evidence was graded as moderate.

Conclusions Use of e-cigarettes may predict the initiation or recurrence of cigarette smoking.

Introduction

Since their introduction in 2003, the awareness and use of electronic cigarettes (e-cigarettes) have steadily
increased [1, 2]. Especially, the e-cigarette has gained popularity among adolescents, with rapidly rising
prevalence of past 30-day use. In the USA, over 25% of high school students report current use [3, 4], and
the prevalence of e-cigarette use now reaches similar or even higher levels than regular smoking [5, 6].

E-cigarette use is more prevalent among cigarette smokers compared to nonsmokers [6, 7]. In theory,
substituting regular smoking with e-cigarettes could lead to both individual and public health beneficial
effects. However, recent studies suggest that e-cigarette use is increasing especially among nonsmokers and
experimental smokers [8]. Furthermore, several longitudinal studies have reported that e-cigarette use is
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associated with an increased risk of cigarette smoking initiation [9-11]. In fact, studies suggest that even
youths at low risk of becoming conventional smokers find e-cigarettes appealing [10, 12—14]. Therefore, it
is possible that initiation of e-cigarette use may promote the subsequent initiation of cigarette smoking,
thus impairing further decreases in population smoking prevalence. While data from Canada seems to
support an increase in smoking prevalence [8], similar trends have not yet been reported in the USA or
England [6, 8, 15].

The increased risk for smoking initiation among nonsmoking e-cigarette users has been highlighted in
several reviews [16-19]. However, the number of publications addressing this issue is rapidly growing.
Furthermore, some of these reviews include articles with study designs that are subject to numerous
limitations and/or studies with a cross-sectional design. As the accuracy of prevalence estimates derived
from nonprobability-based samples warrants consideration, we thus conducted a systematic review and
meta-analysis of longitudinal studies with a low or moderate risk of bias that assessed the transition from
nonsmoking to cigarette smoking among e-cigarette users and nonusers. This review is based on data
previously published as a report from The Swedish Agency for Health Technology Assessment and
Assessment of Social Services (SBU) (report 312, SBU 2020/431).

Methods

Research question

The present review focused on the following research question: Is e-cigarette use among nonsmokers
associated with an increased risk for subsequent smoking? The PICO (Population, Intervention,
Comparison, and Outcome) schema used to establish the eligibility criteria is presented in table 1.

Literature search

A comprehensive literature search of PubMed (including MEDLINE), EMBASE, Cochrane Library,
Scopus, PubMed Health, NICE Evidence Search, PROSPERO, CRD (DARE) and PsycInfo was conducted
in December 2018 and updated on 11 November 2019. Search terms were based on the following
keywords: electronic cigarettes, vaping, vaporised nicotine, electronic nicotine delivery system; combined
with cigarettes, smoking, combustible tobacco. Details of the literature search can be found in table S1.

Inclusion and exclusion criteria

The studies to be included should have been published in peer reviewed journals between (1 January 1990
and 11 November 2019); have a prospective design, with at least one baseline and one follow-up measure;
including a parallel control group; allow for at least 3 months of follow-up; report the results in a way that
could allow the calculations of risk ratios or equivalent association measures (e.g. odds ratios). Exclusion
criteria were conference abstracts, book chapters or articles not reporting empirical results; studies based on
selected samples, not representative of the underlying general populations (e.g. military personnel, patients
with specific diagnoses, including psychiatric disorders). Studies reporting conflict of interest were not
excluded, but information on conflict of interests presented in the included papers are presented in
table S2. The study selection processes, and the articles excluded in each step are further outlined in figure 1.
Details on excluded articles can be found in tables S3 and S4.

Assessment of risk of bias

The literature was evaluated using a priori established protocols and was reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA; www.prisma-statement.
org/). The screening of the retrieved scientific articles was conducted using established protocols based on
Cochrane’s templates ROBINS-I and ROBINS-E. These templates have been developed by building upon
tools for risk of bias assessment of randomised trials, diagnostic test accuracy studies and observational
studies of interventions, and has been developed by members of the Cochrane Bias Methods Group and
the Cochrane Non-Randomised Studies of Interventions Methods Group. Each article was initially
reviewed by two of the authors. If the pair disagreed, a third reviewer among the listed authors resolved the
conflict. None of the reviewers had a conflict of interest regarding the articles that they rated.

TABLE 1 PICO (Population, Intervention, Comparison, and Outcome) schema

Population General population samples of nonsmokers, any age
Intervention/exposure Self-reported current or ever use of e-cigarettes, with or without nicotine
Comparison group Self-reported non-use of e-cigarettes throughout the study period
Outcome Self-reported ever or current use of conventional cigarettes at follow-up
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FIGURE 1 Study selection flowchart. Only longitudinal studies with at least three months study duration and
judged to be at low or moderate risk of bias were included in the review.

Articles read in full text but judged not to be relevant to this review are listed in table S3. Articles that
were considered relevant underwent a risk of bias assessment. Only prospective studies with a low or
moderate risk of bias were included in the analysis. If an article was considered to have a high risk of bias
in any of the assessed categories, selection, exposure, judgement or reporting, it was not included in the
analysis (figure 1). Articles excluded due to high risk of bias are presented in table S4.

Data extraction and statistical analysis

The methodology of selected studies was examined, and main features were extracted and compiled
including authors, date of publication, study design, subjects and sample size, main quantitative results and
odds ratio values. For analysis, we have used data from studies where it has been possible to retrieve either
absolute numbers or percentages for each group (unadjusted analysis), or where the study has presented the
result as adjusted or unadjusted odds ratios. All analyses were conducted according to the a priori analysis
plan, with two main outcomes: ever-smoking and current smoking. Unadjusted data and adjusted data were
analysed separately, and studies where odds ratios could not be calculated, were not included in the
meta-analyses, but included narratively. However, no such studies were included in the review.

To assess the association between e-cigarette use and subsequent smoking, relevant data were combined in
a random-effects meta-analysis, combined with inverse variance using Review Manager version 5.3 (the
Nordic Cochrane Centre, the Cochrane Collaboration, Copenhagen, Denmark). We also considered the
following subgroups: duration of follow-up (<12 months or >12 months), age (<18 years old or >18 years
old, based on the legal age in many countries) and sex (male or female). Subgroups for further analyses

https://doi.org/10.1183/23120541.00976-2020 3


http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00976-2020.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00976-2020.figures-only#fig-data-supplementary-materials

ERJ OPEN RESEARCH REVIEW

were defined a priori. During the evaluation, several studies were shown to build on the same, or
overlapping cohorts. In these cases, only the most complete dataset from the overlapping study populations
was used in the meta-analysis. One study presented several sets of adjusted data, with different numbers of
confounders. In that case the least adjusted model, which among others contained the variables sex, age
and socioeconomic factors, was chosen to make the studies included in the analysis as comparable as
possible.

A sensitivity analysis was performed comparing studies using different control groups (never-smokers
versus nonsmokers; and never-e-cigarette users versus noncurrent e-cigarette users). As the majority of
studies were conducted in North America, a sensitivity analysis excluding these studies was also
performed. A putative publication bias was assessed using a funnel plot. No study was financially
supported by companies associated with the tobacco industry or the e-cigarette industry.

Grading of evidence

We followed the GRADE guidelines to appraise the strength of evidence for the association resulting from
the meta-analysis [20-23]. In this approach, direct evidence from longitudinal studies starts at high
certainty (++++) and is subsequently downrated based on risk of bias, indirectness, imprecision, and
heterogeneity to levels of moderate (+++), low (++) and very low (+) certainty of evidence. Both
unadjusted and adjusted estimates were taken into account when grading the evidence.

Results

Description of the studies included in the review

30 peer-reviewed articles from 22 longitudinal studies were included in this review. 20 of these articles
were published in the USA [10, 12, 13, 24-40], two in Canada [9, 14], one in Mexico [41] and seven in
Europe [42-48]. The study populations included on average 48% females, varying from 42% [25] to 68%
[33]. The majority of publications (21) were based on adolescents (i.e. younger than 19 years). In six
studies the study population was older than 18 years [29, 33, 34, 37-39], while three studies included a
population with a mixed age span [28, 35, 36]. Information regarding the education level was not
explicitly expressed in the majority of studies. For studies involving adolescents, one study reported that
45% of the guardians had at least 4 years of college education [30], while two other studies report that
70% had more than 12 years education [25, 26]. For studies with a mixed population, the education level
was reported to be at level 7 of 10 [35], or that 84% had an education greater than high school [28]. For
studies involving adults, around 70% of the study population had some form of college education [34, 38].

Ten studies assembled data through questionnaires distributed during school hours [9, 12, 14, 24-26, 31,
32, 40, 42]; seven studies used questionnaires that were distributed by mail or in other ways [10, 28, 41,
45-48]; five studies collected data through in-person interviews [27, 29, 30, 34, 36]; and five studies used
web-based surveys [33, 38, 39, 43, 44]. The duration of the follow-up varied between 4 months and
2 years. 27 studies [9, 10, 12-14, 24-26, 28-31, 33-44, 46-48] emanate from never smoking individuals
at baseline. The other three studies are based on noncurrent smokers [27, 32, 45] and may thus include
former smokers even though they are based on adolescents.

Incident smoking among e-cigarette users and non-users

The exposure group is described as e-cigarette users in most studies, and as current e-cigarette users in
three studies [9, 14, 27]. In one study the exposure group is referred to as electronic nicotine delivery
system users [28], which may also include the use of other electronic noncombustible tobacco products.
The control group is referred to as never e-cigarette users [10, 13, 24-26, 28, 30-37, 39-43, 45, 47], and
as noncurrent e-cigarette users in six studies [9, 14, 27, 29, 44, 46].

Unadjusted data were presented in 17 of the included studies, including a total of 89076 participants.
Among baseline never-smokers, the unadjusted OR for cigarette smoking initiation ranged between 2.39
and 12.31 across studies for those who had ever tried e-cigarettes compared with those who had never tried
e-cigarettes (figure S1). Only one study presented unadjusted data for nonsmokers [32]. The OR was 6.70
favouring an association between smoking initiation and e-cigarette use. When combining the data in a
random-effects meta-analysis, the pooled unadjusted OR for smoking initiation was 4.68 (95% CI 3.64—
6.02) for baseline e-cigarette users compared with baseline non-e-cigarette users (figure S1).

Adjusted data were presented in 20 studies (figure 2). The data were adjusted for sex (19 out of 20), age
(15 out of 20) and socioeconomic factors (13 out of 20), but there was a large heterogeneity with respect
to how these adjustments were made. The adjusted OR ranged between 1.36 and 11.37 for baseline
never-smokers, and between 2.51 and 7.08 for noncurrent smokers (figure 2). The pooled adjusted OR for

https://doi.org/10.1183/23120541.00976-2020 4


http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00976-2020.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00976-2020.figures-only#fig-data-supplementary-materials

ERJ OPEN RESEARCH

REVIEW

0Odds ratio Odds ratio
Study or subgroup log (odds ratio) SE Weight IV, random (95% Cl) IV, random (95% Cl)
Baseline never-smokers

BARRINGTON-TRIMIS 2018a 1.4725 0.1034 6.0% 4.36 (3.56-5.34) -

BERRY 2019 1.4085 0.1633 5.6% 4.09 (2.97-5.63) —

BEST 2017 0.8838 0.2016 5.3% 2.42 (1.63-3.59) —

CONNER 2020 1.0225 0.1194 5.9% 2.78 (2.20-3.51) -

EAsT 2018 2.358 0.5893 2.4% 10.57 (3.33-33.55) L —

HAIR 2019 24311 0.1285 5.9% 11.37(8.84-14.63) -

HAMMOND 2017 0.7514 0.1187 5.9% 2.12(1.68-2.68) -

LOUKAS 2018 0.3075 0.1518 5.7% 1.36(1.01-1.83) —

LozaNO 2017 0.5752 0.1343 5.8% 1.78 (1.37-2.31) -

MCMILLEN 2019 1.5644 0.1768 5.5% 4,78 (3.38-6.76) —_

MORGENSTERN 2018 0.909 0.1612 5.6% 2.48 (1.81-3.40) -

PENZES 2018 1.2726 0.3059 4.4% 3.57 (1.96-6.50) s

PRIMACK 2018 1.9199 0.724 1.9% 6.82 (1.65-28.19) S —

SPINDLE 2017 1.2149 0.2897 4.6% 3.37(1.91-5.95) —

STANTON 2019 1.1663 0.2543 4.9% 3.21(1.95-5.28) —

WATKINS 2018 0.9282 0.1737 5.6% 2.53(1.80-3.56) —

WiLLs 2017 1.0543 0.1767 5.5% 2.87(2.03-4.06) —_

Subtotal (95% Cl) 86.7% 3.29 (2.47-4.36) X 2
Heterogeneity: t2=0.30; x2=190.05, df=16 (p<0.00001); 12=92%

Test for overall effect: Z=8.22 (p<0.00001)

Baseline non-smokers

BoLD 2018 1.9573 0.5649 2.6% 7.08 (2.34-21.42) —_—

LEVENTHAL 2016 0.9203 0.0446 6.3% 2.51(2.30-2.74) -

TREUR 2018 1.8563 0.3036 4.4% 6.40 (3.53-11.60) —
Subtotal (95% Cl) 13.3% 4.41 (1.99-9.75) e
Heterogeneity: 12=0.39; ¥2=12.53, df=2 (p=0.002); 12=84%

Test for overall effect: Z=3.66 (p=0.0002)

Total (95% Cl) 100.0% 3.37(2.68-4.24) 2

Heterogeneity: 12=0.22; x2=215.54, df=19 (p<0.00001); 12=91%

Test for overall effect: Z=10.35 (p<0.00001) T T T 1
Test for subgroup differences: x2=0.47, df=1 (p=0.49); 12=0% 0.01 0.1 1 10 100

Negative association

Positive association

FIGURE 2 E-cigarette use and subsequent initiation or recurrence of cigarette smoking. Meta-analysis of adjusted odds of smoking initiation
among e-cigarette users at baseline compared with non-e-cigarette users at baseline. Studies were adjusted for sex (19 out of 20), age (15 out of

20) and socioeconomic factors (13 out of 20).

smoking at follow-up among baseline e-cigarette users compared with baseline non-e-cigarette users was
3.37 (95% CI 2.68-4.24) (figure 2).

Sensitivity analyses were performed to assess the robustness of the estimates by omitting: 1) studies with
nonsmokers at baseline (figure S2a, b); 2) studies with noncurrent e-cigarette user as a control group
(figure S3a, b); 3) studies with never e-cigarette users as a control group (figure S4a, b); and, 4) studies
from the USA (figure S5a, b). All analyses were confirmatory of the overall findings. Stratified analyses of
studies with a short (<12 months) or a long (>12 months) follow-up (figure S6a, b), and of studies among
adolescents (<18 years old) or adults (>18 years old), showed similar results (figure S7a, b). The available
data did not allow subgroup analyses by sex.

Certainty of evidence

The strength of the evidence concerning the association between e-cigarette use and smoking initiation was
judged to be moderate (+++) due to risk of bias in any of the categories: selection, exposure, judgement or
reporting (table 2). At the same time, the material was extensive, and all studies supported a positive
association albeit with large heterogeneity with regards to the strength of the outcome. For the subgroup
adults aged 18 years or older, the number of studies was lower, and most included American college
students, which can be considered a selected population. The strength of evidence for this subgroup was
therefore downrated to low (++) (table 2).
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TABLE 2 E-cigarette use and subsequent smoking initiation

Association with Participants Number of Risk difference OR (95% Cl) Certainty of Down rating
smoking initiation studies (95% cl1)* evidence
Full material 89076 Unadjusted: 17 0.22 (0.14-0.28)  Unadjusted OR: 4.68  Moderate (+++) —1 risk of bias"
Adjusted: 20 (3.64-6.02)
Adjusted OR: 3.37
(2.68-4.24)
Short-term follow-up 64016 Unadjusted:13 0.18 (0.14-0.23) Unadjusted OR: 4.60  Moderate (+++) —1 risk of bias"
(<12 months) Adjusted: 18 (4.01-5.29)
Adjusted OR: 4.13
(3.16-5.40)
Long-term follow-up 31265 Unadjusted: 8 0.25 (0.13-0.38)  Unadjusted OR: 4.71  Moderate (+++) —1 risk of bias"
(>12 months) Adjusted: 6 (3.03-7.34)
Adjusted OR: 2.84
(1.85-4.36)
<18 years 761399 Unadjusted: 13 0.07 (0.04-0.10) Unadjusted OR: 5.11  Moderate (+++) —1 risk of bias"
Adjusted: 15 (3.89-6.72)
Adjusted OR: 2.94
(2.49-3.48)
>18 years 18438 Unadjusted: 4 0.16 (0.11-0.22) Unadjusted OR: 3.04 Low (++) —1 risk of bias"
Adjusted: 4 (2.57-3.58) —1 material with several
Adjusted OR: 3.19 limitations™®
(1.44-7.05)

#: calculated from unadjusted values; ok

!: material with several deficits and limitations; *: indirectness, three out of five studies are performed on

college students in the USA; : the analysis is based on a limited number of studies.

Current smoking among e-cigarette users and non-users

13 publications based on 10 cohorts [10, 12, 24, 25, 28-30, 34, 38, 39, 41, 47, 48] assessed the
association between e-cigarette use and subsequent current smoking. Current smoking was in most studies
defined as smoking at least once over the past 30 days and may thus include both daily smokers as well as
less-regular smokers. Most studies presented a dichotomous ‘yes’ or ‘no’ outcome in the analysis, and a
sensitivity analysis could thus not be performed based on smoking frequency. All studies were based on
baseline never-smokers, and the exposure group was e-cigarette users. The control group was
never-e-cigarette users in all studies except one, which was based on non-e-cigarette users [29]. The
follow-up period varied between 6 and 24 months.

Seven studies, with a total of 39086 participants, present unadjusted values in form of number or
percentage of the participants reporting current smoking [10, 25, 29, 30, 39, 41, 48]. Among baseline
never-smokers, the unadjusted OR for current cigarette smoking at follow-up ranged between 2.16 and
6.13 across studies for those who had used e-cigarettes at baseline compared with those who were
non-e-cigarette users (figure S8). When combining the data in a random-effects meta-analysis, the pooled
unadjusted OR for smoking initiation was 3.51 (95% CI 2.87—4.29) for baseline e-cigarette users compared
with baseline non-e-cigarette users (figure S8).

Nine studies present adjusted data [10, 25, 28, 30, 34, 38, 39, 41, 48]. The choice and number of
covariates differed between the studies. Eight out of nine adjusted for sex and age, and five out of nine
adjusted for socioeconomic status. There is a large variability in how these adjustments have been made.
The adjusted OR ranged between 1.47 and 17.33 for baseline never-smokers (figure 3). The pooled
adjusted OR for current smoking among baseline e-cigarette users compared with baseline non-e-cigarette
users was 3.89 (95% CI 2.16-7.00) (figure 3). Stratified analysis of studies with a short (<12 months) or a
long (>12 months) follow-up (figure S9), and studies assessing transitions among adolescents (<18 years
old) or adults (>18 years old) showed the same association (figure S10). Stratified data by sex were not
available.

Certainty of evidence

Due to risk of bias in any of the categories selection, exposure, judgement or reporting, the certainty of the
evidence for an association between e-cigarette use and subsequent smoking for the whole material, and
for the material entailing adolescents below 18 years old was considered to be moderate (+++). Despite a
significant heterogeneity between studies with respect to association estimates, all studies supported an
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Odds ratio 0Odds ratio
Study or subgroup log (odds ratio) SE Weight IV, random (95% Cl) IV, random (95% Cl)
Baseline never-smokers
BARRINGTON-TRIMIS 2018a 1.3788 0.1781 11.09% 3.97(2.80-5.63) —
BERRY 2019 1.0116 0.2763 11.2% 2.75(1.60-4.73) —
CONNER 2020 0.7747 0.1068 12.2% 2.17 (1.76-2.68) -
HAIR 2019 2.4311 0.1285 12.1% 11.37 (8.84-14.63) —
LozaNO 2017 0.3873 0.235 11.5% 1.47(0.93-2.33) T
McCMILLEN 2020 1.6715 0.4323 9.9% 5.32(2.28-12.41) L
NIAURA 2020 2.8524 0.3516 10.6% 17.33 (8.70-34.52) —
SPINDLE 2017 1.1939 0.5161 9.1% 3.30(1.20-9.07) —_—
WATKINS 2018 0.6259 0.2481 11.4% 1.87(1.15-3.04) —
Subtotal (95% Cl) 100.0% 3.89 (2.16-7.00) <P
Heterogeneity: 12=0.72; x2=145.45, df=8 (p<0.00001); 12=94%
Test for overall effect: Z=4.54 (p<0.00001)
Total (95% Cl) 100.0% 3.89(2.16-7.00) ’
Heterogeneity: 12=0.72; x2=145.45, df=8 (p<0.00001); 12=94% f T T )
Test for overall effect: Z=4.54 (p<0.00001) 0.01 0.1 1 10 100

Test for subgroup differences: not applicable

Negative association  Positive association

FIGURE 3 E-cigarette use and self-reported current smoking. Meta-analysis of adjusted odds of current smoking among e-cigarette users at
baseline compared with non-e-cigarette users at baseline. Studies were adjusted for sex (8 out of 9), and socioeconomic factors (5 out of 9).

association between e-cigarette use at baseline and current smoking at follow-up. For the subgroup with
longer follow-up the certainty of evidence was considered to be low (++), and very low for the subgroup
of adults (>18 years of age) (+). Deductions were connected to general limitations in the included studies,
and to the limited number of studies (table S5).

Assessment of publication bias
Funnel plots did not indicate any publications bias in the material (figures S11 and S12).

Discussion

This systematic review and meta-analysis, based on 30 studies, supports an association between e-cigarette
use and subsequent smoking, with moderate strength of evidence. E-cigarette users showed an increased
probability of future cigarette smoking even after adjusting for potential confounders, suggesting that
e-cigarette use by itself could be considered a predictor of subsequent conventional smoking. The certainty
of evidence, which was rated using GRADE, was estimated to be moderate for the full material.
A subgroup analyses based on the age of study participants supported a stronger association between
e-cigarette use and smoking among adolescents. These results are in agreement with other systematic
reviews on the subject, particularly those including longitudinal studies [16—19]. Due to the rapid increase
in published studies, the material included in this review and meta-analysis is more extensive than in the
aforementioned reviews, thereby further supporting the association between e-cigarette use and an
increased risk of subsequent smoking initiation or relapse among nonsmokers.

The associations presented in this meta-analysis are not necessarily causal. The likelihood for specific
individuals to initiate smoking, as well as e-cigarette use, may depend on multiple factors including
genetics, attitude towards smoking, harm perception, social norms, and mental health issues [49, 50]. If a
longitudinal association between two behaviours is independent of the order of onset, there is an increased
likelihood that shared risk factors may explain the association. In fact, several studies reported a
bidirectional association between e-cigarettes and other tobacco products [51]. E-cigarette use appears to
be followed by an increased probability of subsequent smoking, but there was also an increased probability
of e-cigarette initiation among current smokers [44, 52]. A similar bidirectional association has also been
found between use of other tobacco products, such as snus [53-55]. It is thus possible that a third factor,
such as the willingness to experiment with addictive substances, or factors increasing the risk of
developing nicotine addiction, contributes to both behaviours. The onset of the behaviour may then be
related to chance or unmeasured confounders [19, 56]. However, it should be noted that several studies
presented a transition from e-cigarette use to smoking especially among low-risk youths, suggesting that
e-cigarette use may not simply be a marker of liability to smoking initiation [10, 12, 14, 35]. Furthermore,
the association between e-cigarette use and smoking initiation remained after adjusting for confounding
factors, indicating robustness of the observed associations.
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Even if the included studies all showed an increased risk of smoking initiation among nonsmoking
e-cigarette users when compared to non-e-cigarette users, the data presented were heterogenous. One factor
putatively contributing to the heterogeneity could be the follow-up time, which varied from 4 months to up
to 2 years. Shorter follow-up times may putatively be more trustworthy in capturing events associated with
baseline measures. The dropout rate may also be higher when employing a longer follow-up period.
However, subgroup analysis separating the studies with regards to the time to follow-up still demonstrated
similar results, with the quality of the estimate being rated as moderate.

Age has been shown to be an important risk factor when assessing the transition from initiation to current
smoking [57-59]. The age at baseline of the study participants in this review varied between 11 [43, 48]
and 34 years [38], which might also contribute to the heterogeneity between studies. In fact,
misclassification of events typically occurring in adolescence (e.g. first smoking episodes) is common
when recalled several years later, both due to memory failure and to recanting [60]. Thus, in studies
conducted among adults some self-reported never-smokers may have already initiated smoking, albeit not
progressing to regular smoking. This misclassification may have biased the estimates of association with
e-cigarette use in any direction. In fact, even if the results obtained with stratified analyses of two age
groups (<18 versus >18 years) were consistent, the quality of the estimations was higher for studies
assessing smoking initiation and current use among adolescents. However, the fact that e-cigarette use is
prospectively associated with smoking even among adults, further suggests a role of e-cigarette use as
promoter of cigarette smoking.

In this review we separated studies assessing ever-smoking and current smoking at follow-up. As current
use often corresponds to more established smoking, these studies may more accurately reflect the transition
from e-cigarettes to combustible cigarettes. However, there was no significant difference in the associations
outcome when comparing these two subcategories of outcomes. This similarity might be due to the fact
that current smoking in most studies was defined as past 30 days’ use and may thus include both sporadic
and daily smoking because the outcome was treated as dichotomous in the analysis. It was thus not
possible to perform a sensitivity analysis to outline the impact by e-cigarette use on daily versus
less-than-daily smoking.

Regulations regarding advertisement and nicotine content of e-cigarettes vary extensively between
countries [61-63]. In the USA, the allowed nicotine concentration in the e-liquid is higher than in the
European Union. If nicotine content affects the likelihood of smoking initiation [64], the strength of the
associations might be expected to vary between countries; however, a sensitivity analysis excluding studies
from the USA yielded similar associations between e-cigarette use and increased risk of smoking initiation
as in the whole material.

Limitations and strengths

The major strength of this review is that it is based on 30 studies from different countries using a
longitudinal prospective design. Furthermore, to avoid inclusion of articles that were subject to major
limitations the review conducted here only included prospective studies with a low or moderate risk of
bias. Cross-sectional studies, or longitudinal studies with a shorter duration than 3 months were also not
included. Another strength of this manuscript is that it not only examines the association between
e-cigarette use and smoking initiation but also recurrence to smoking.

Several limitations should be mentioned. Most studies did not assess the type of e-cigarette device used,
the frequency of use, the composition of e-liquid or whether e-cigarettes contained nicotine or not.
The newer models of e-cigarettes allow exposure of higher nicotine levels as compared to first-generation
e-cigarettes, and the composition of the e-liquid used, and how it is vaped, may influence blood levels of
nicotine [65-67]. This information is especially important since nicotine exposure may be fundamental for
subsequent smoking behaviour [64]. However, it should be noted that the assessment of these features of
nicotine exposure is impaired by the fact that many e-cigarette users are unaware of the content of nicotine in
the e-cigarettes they are using, and even the exact type of electronic device may not be clear [62, 68, 69].
The frequency of use of cigarette smoking is generally not investigated, therefore the distinction between
regular and experimental use is seldom possible. Furthermore, current use is in most studies defined as any
use of cigarettes in the past 30 days, and may thus not represent regular smoking.

The adjustment for potential confounding factors was very different across studies. It was thus not possible
to grade the effect size of the association. Grading of evidence thereby relates to the certainty of evidence
for an association between e-cigarette use and smoking initiation or recurrence. The size of the exposed
populations (e-cigarette users) was generally low, and the dropout rate was relatively high, therefore
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limiting the statistical power and increasing the potential for selection bias. In this review we did not
exclude articles due solely to their attrition, but this aspect was considered in the judgement of the risk of
bias and in the grading of evidence.

Conclusions

This review and meta-analysis suggests that e-cigarette use may predict the initiation or recurrence of
cigarette smoking. E-cigarette users had an increased probability of future cigarette smoking even after
adjusting for potential confounders, suggesting that e-cigarette use by itself could be considered a predictor
of subsequent conventional smoking.
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