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Purpose

In 2013, the Tobacco Policy Review Group publiSfwzhcco Free Ireland reportwhich set a target

for Ireland to reduce smoking prevalence to less than 5% by 2025. The report identified tobacco

related harm reduction as a key issue for consideration. Singgarettes | aunch i n the Europ
Union (EU) in 2006 and in the United &&bf America (USA) in 200&searchon their potential

benefits in terms of tobacceelated harm reductionand on the public health harms ofaigarettes

has grown This systematic evidence review outlines what is known to date alsinye-cigarette

and initiation smoking tobacco cigarettes

Research gestion

TheDepar t me nt resedrch Huestidist Doés gcigarette use by adolescents who are
cigarettenaive at baseline lead to subsequent cigarette smoKing?

Methods

The researclpresents a systematic review of longitudinal cohort studies that exathivteether e
cigarette use leads to subsequent smoking in adolescents who are cigarette naive at baseline.
searchcoveled peer revieved literature published betweerl January2005and 2 October20190n e-
cigarettesretrieved from one of seven databasesd these weredOvidMEDLINECochrane Library,
OvidPsycINF(CEIsevier Embase, PROSPERO, LILACS, Google@chG@RE.ac.ukomprehensive
searches were completed and updatedce during thereviewperiod. There were three rounds of
screening, using poefined exclusion criteria, to identify the papers included in this revidve data
were extracted from the 21 included papers into the Cochrane Data Extraction Heemyuality of

the included studiesvasassessed usintfpe National Heart, LungndBl@m d | nsti tut e’ s qualit
assessment tool for observational cohort and cresstional studiesThe results were described
narratively using their summary statisticsthe context otheir associatiorwith the exposure (e
cigarettes) controlling for confouding using covariate®\ meta-analysideasibility asessmentvas
completed in order to decide whether to complete metaalysisandto decide which metanalysis
method would be most appropriate. A pairwise metaalysisto compare outcomes dfvo-armed
longitudinal studies exposurewas completed for themoking initiationoutcomesusing the primary
studies crude and adjusted odds rati@ensitivity and subgroup analyses were also conducted where
appropriate.A level of evidence and a GRABEommendation were assigned our findings

Findings

We identified 21 papers for inclusion in the stutiat comprised 14 unique longitudinal cohort
studies The data were collected between 2013 and 2016 and the longitudinal folfoperiod

ranged from 4months to 2.5 years. Only one studydisvo follow-up time points.Fifteen studies

were completed in America argixstudies were done in Europ@.variety of questions were asked
about ecigarettes:17 asked about ever use of@garettes 4 asked aboue-cigarette use in the past
30 days4 studies asked about infrequent use efigarettes and2 studies examined the use of both
nicotine and nomicotine ecigarettes None of the 21 studies provided any specific information
about the ecigarettes typegeneration, or liquidAll papers measured cigarette smoking as an
outcome variable18 papersinvestigated ever use of cigarettes by folloy, 4 also asked about past
30-day use of cigarettesand5 examined differences between groups in termsgrefjuency of
cigarette useAll publications which conducted regression analysis included potential confounding
variables as covariates in their regression model, ranging from the inclusion of 3 to the inclusion of
17. Based on research guidance, we gradifee covariates into three groupsethographic (e.g.
ethnicity, family affluence), interpersonal (e.g. number of friends/family members that smoke) or
intrapersonal (e.g. such impulsivity, sensation seeking, rebell@ng¢paper only included variables
from one domairwhile eightpapers included variables from two domaijred tenpapers included



variables from all three domain3heage of the included populatiowasbetween 13 and.9 years at
baseline

The most commonly explored association among2héncludedpaperswas between ever-e

cigarette use and subsequent use of cigarettes. All studies which explored this relationship, other
than Willset alfound that there was a significapositiveassociation between ever using an e
cigarette at baselinerad ever using a cigarette at follewp. Our metaanalysis, which included 9 of
the 14 unique studies, found that theombinedodds of trying smoking were 4.@85%CI: 3.08.48)
times higher for those who had ever usedigarettes at baseline, althoughighwas reduced slightly
(to 3.71 times theeombinedodds 95%Cl: 2.83. 86) when only the higiguality studies were
included. The main metanalysis indicated #t the model had a moderate to higitatistical
heterogeneity; however, a sensitivity analysis of only kjghlity studies had low to moderate
statisticalheterogeneity with a slightly reducembmbinedodds ratio OR. Using the formula

proposed by Hang and Y1998, an approximation of an adjustecetative risk(risk ratio was
calculated for the four higlguality studiesThis resulted in a range of values for fh&pulation
attributable fraction indicating that betweeri2%and 29%of those in the four studies who had tried
a cigarette had done stue to their initial use of €igarettes. In other words, if-eigarettes did not
exist, there would have been between 12% and 29% fewer adolescensmokersamong the study
subjects However, it must be noted that there are limitations to this methaodparticular the fact

that the incidence rate used in the calculation is not adjusted, and as such, these results should be
interpreted with cautionSubgroup analyses of these studies revealed a higiibinedORfor the
data collected after 2014, a tienpoint at which ecigarette use increased substantially, as well as for
the data collected in Europe (as compared with the JJSA

Four studies which examined the relationship between gBikstlay ecigarette use andhitiation of
cigarette useusing the primary studies adjusted @Ro found a significargositiveassociation,

although with a loweccombinedOR than ever trying-eigasettes; indeed, a metanalysis of three of
these studies found that-eigarette users had 2.14 tim¢85%Cl: 1.72.62)the odds of cigarette
smoking compared with nee-cigarette users. Three studies measured the association between ever
e-cigarette use ad past30-day cigarette use, with significapbsitiveassociations in the USA

samples but no association in a Mexican samigkdther study which measured pa36-day use of e
cigarettes and subsequent pa30-day cigarette use found a significant asatioin.

Different patterns of use and frequency of use of botbigarettes and cigarettegported significant
positiveassociations. One USA study found signifigmsitiveassociations between-eigarettes and
‘experimenters’, i ar$ of @ggrettesivto USArstlidies exantgnedediiférentu s
frequencies of ecigarette use at baseline on ever cigarette use at follgmand found significant
positiveassociations between all variations otigarette use and subsequent smokifigvo studies
which examined the relationship betweenroigarette use and daily cigarette use found a significant
positiveassociation, although this relationship was rgignificant when nomicotine ecigarettes
were examined.

Two studies explored the specific impactdfotine versusnon-nicotine ecigarettes on subsequent
conventional cigarette us®©ne study which measured evercgarette use and ever smoking found a
significantpositiveassociation between ever use ot@arettes with nicotine and subsequent
cigaette use andbetweenever use of ecigarettes without nicotinend subsequent cigarette use
although to a lesser extentowever, a study which explored the impact of nicotine versus non
nicotine ecigarettes on daily smokirfgund a significanpositiveassociatiorwith nicotine e

cigarettes but noassociation between nenicotine ecigarettes and daily smoking

We assigned a level of evidence of 3 udnigish Medical Journguidelinesas this is a systematic
review of cohort studies, some of which had high loss to fellprand/or very small sample sizes.
However,with respect to certainty of evidencéhe HRBauthors have moderate confidence that the
true effect is probably close to ¢hestimated effect fotrying smoking at followp for those who had
ever used eigarettes at baselinérhis is due to the fact thatll analyses indicate that there is a
significant association between usingigarettes at baseline and smoking cigarett followup,



and this effect size is quite large. Six studies controlled for confounding under three domains
(demographic, interpersonal, and intrapersonal) associated with smoking cigarettes, and had a
similar, but tighter, significant estimate of effie The four higkquality studies also had a similar and
tighter estimate of effect and lowestatisticalheterogeneity. The remainder of the studies were
judged to be moderate quality because of their small sample sizes and loss to-figlldwaddition,
the direction of thefindings of the HRB metanalysis are consistent with two earlier medaalyses
by Sonejiet al.and Aladeokinet al.

Conclusions

We found a foufold association between ever usingcigarettes and initiating smoking tobacco
cigareties inadolescents i combined analysis of nine cohort studies conducted with follpw

periods between 4 and 24 months. Sensitivity and subgroup analysis support the association between
ever using ecigarettes and initiating smoking tobacco cigarettdse $tudy design used to assess the
relationship between eigarette use and initiation of cigarette smoking does not allow us to say there
is a definitive causal relationship, but it does allow us to say that the findings builds a case towards a
causal redtionship as the findings are consistent across all studies included in theanatgsis.
Furthermore, the strength of association is statistically significant across all primary research studies
in the metaanalysis. In addition, the use ofcigarettesoccurred beforanitiation of smoking

fulfilling the criteria for a temporal relationshjpnd two studies have examined the dose response
relationship. Moreover, the results of this systematic review are in line with the previous systematic
reviews and reta-analysesWhether there are other additional explanatory factors or not, we need

to understand what drives the relationship betweestigarette and tobacco cigarette use and if the
effect is definitively causal. One author recommends large longitudjidemiological studies which
measure smoking onset, control for confounders, and include a propensity score measure of liability
to smoking. Other authors suggest exploring the association using qualitative research approaches.

We identified three theoies that attempt to explain the move fromagarette use to smoking

tobacco cigarettes, and these atbe gateway theorythe common liability theory, and the catalyst

model. Thegateway theorywas developedo explain the observed phenomenonpyfoung peopl e’ s
use of alcohol and drugs in specific stages and sequeacdsntimates that ecigarette use leads to
conventional cigarette useh& common liability theory states that there is an underlying common
liability within people which increasékeir propensity to use drugs and other illicit substanaesd

that the move from ecigarettes to conventional cigarettes or other drugs is part of their risk
behavioursRecently, however, some authors have proposed that the gateway theory and the
commonliability theory are not, as some say, opposing, but rather are complementary. They state
that use of drugs in general will be explained by common factors, whereas specific factors will explain
why young people use drugs in a specific sequence. In aj2dddé, two authors proposed an

alternative model, the catalyst model, to explain the path frorigarette use to conventional

cigarette use, considering numerous hypotheses and pathways. They separate the process into two
stages, from no consumption te@garette consumption, and then fromagarette use to

conventional cigarette use. Factors such as flavour, health, price, role model, concealment, and
acceptance play a role in the first stage by easing the process of initiation, as they appear healthier
and more acceptable to some, while the flavours attract others. In the second stage (i.e. the
transition from ecigarettes to cigarettes), the authors hypothesise that addiction, accessibility, and
experience may drive the subsequent move to conventiaigdrette useTwo factors which exist

outside the model but are nevertheless influentae the commonliability hypothesisand the
renormalisation [of smoking] hypothesBespite fierce debates on the merits of different theories,

no consensus has beeaached on the most likely explanation. Future research should focus on
designing studies which specifically set out to test these theories (or elements thereof). It would be
beneficial forfuture research to attempt to isolate and unpick elements of &hnd er and Di e hll
Catalyst model that describesoggarette initiation and subsequent cigarette use in order to further

our understanding of this relationship.

S

The EU has developed regulations to addresgarette manufacture, presentation, and salesian
the Tobacco Products Directive (2014/40/EMRland are in the process of implementing the
European regulations. A population health approach, similar to that successfully used in Ireland to



address tobacco, alcohol and psychoactive drug issnayg reed to be extended to tackle use of e
cigarettes; a population health approach to psychoactive substances usually involves addressing price,
availability, and marketing to limit use among young and other vulnerable populations.
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1.1 Policybackground

In 2013, the Tobacco Policy Review Group published the r@jtrdcco Free Irelandhich set a

target for Ireland to reduce smoking prevalence to less than 5% by ¥D@bacco Free Irelarnas

the first policy document to be launched under the Healthy Ireland framework, and it was endorsed
by the Government. Achieving the target in the reduction of smoking prevalence would play a major
role in realising the vision set out in Healthy Ireland

TheTobacco Free Irelan@port identified tobaccerelated harm reduction as a key issue for
consideratior? It specifically highlighted the role of electronic dgiglies (ecigarettes) as a potential
harm reduction strategy. Since the introduction e€igarettes in 2006, research has expanded on
their potential benefits in terms of tobace®lated harm reduction and on the public health harms of
e-cigarettes.

The partment of Health asked the Health Research Board (HRB) to complete a programme of
research and answer five research questions:

1. What are the public health benefits and harms edigarettes?
2. What are the public health benefits and harms of haat-burn products?

3. Whatist h e e f fi-dgarettgs irohklping people who smoke to achieve abstinence (smoking
cessation?

4. Exami ne t he -mofbiiropradycts m helpimgepadple who smoke to achieve
abstinence (smoking cessatit

5. Does ecigarette use i adolescents who are cigarette naive at baseline lead to subsequent
cigarette smoking?

1.2 Research question
We answered Question 5 in this review:

Does ecigarette use by adolescents who are cigarettéve at baseline lead to subsequent cigarette
smoking?

1.3 Background

1.3.1 Prevalence of cigarette smoking in Ireland

TheHealthy Ireland Survey 20i8ported that 17% of respondents aged 15 years and older were
current cigarette smokers and 14% smoked dailystudy carried out by thEuropean School Survey
Project on Alcohol and Other Dru@sSPAD) found that in Ireland 32.3% of sederdl students aged
15-16 years reported ever using a cigarette, while 13% had smoked at least once in the last 30 days.
Just under 7% of respondents in the ESPAD survey reported smoking daily, and of students who had
ever snoked a cigarette, almost onlealf reported that they were 1314 years old when they first
smoked?®

1.3.2 Prevalence of ecigarette use in Ireland

TheHealthy Ireland Survey 201&ported that92% of smokers were aware otigarettes® The

Healthy Ireland Survey 201€ported that 5% of the population were usinecigarettes, and a further
12% had tried them at some point in the past. Furthermore, 10% of current smokers were using e
cigarettes, 13% of esmokers were using them, and 1%never smokers were using thehihe
Prevalence of Drug Use andr@bling in Ireland and Drug Use in Northern Irelandvey carried out

in 20142015 reported that in the Republic of Ireland, 13.6% of respondagés! 15 or oldehad

ever used ecigarettes and 3.1% had used them in the month prior to the sufiéhe same survey
also found that the prevalence of ever using acigarette varied with age, with the highest use being



reported among respondents aged-Z5! years (21.5%) and the lowest use being regmbamong
those aged 65 years or older (4.698mong respondents aged 454 years, 14.7% had ever used e
cigarettes. The 2016 Irish ESPAD survey reported that 23% of skesehdtudents aged8-16 years
reported ever usingae-cigarette, and 10.1% reported using acigarette in the 30 days prior to the
survey?® Slightly more than half (52.7%) of respondents who weoggarette users reported that they
were 15 years old when they first used awigarette. The sixth Health Behaviour in Schaeajed
Children study, completed in 2018, found that the proportion of children who had ever used an e
cigarette increased with age, from 11.5% ofykEar olds to 30% of Lyear olds. The same trend was
noted for ever us®f an ecigarette in the month prior to the survey but the proportions were lower,
with 4.8% of 13/ear olds and 10.6% of 4/2ar olds reporting €igarette use?

1.3.3 Prevalence of eigarette use internationally

A study based on Eurobarometer surveys reported Btmillion people living in European Union

(EVU) member states aged 15 or older had ever useid@rettesby 2017 (95% confidence interval

[CI]: 59.9 millior66.2 million), and 7.6 million (95% CI: 6.8ion—8.9 million) were regular-e

cigarette users.Among participants who had ever usedigarettes, thoseaged32 4 year s wer e

less likely to be regular userstharots e aged 55 years or older (16.9% ve
never smokers were less likely to be regulanigarette users than current and former smokers

(12.8% versus 27.0% versus 41.3%). The proportion of people aged 15 years or older who were
regulare-cigarette users in 2017 ranged from 4.7% in the UK to 0.2% in Bulgaria.

A study examining data from a representative cross-
(95% CI: 30-682.2%) of current smokers reported ever having us@ibarettes,10.8% (95% C#

10.0-11.7%) of former smokers reported ever having used them, and 2.3% (95%-2I6%)Lof

never smokers reported ever having used them. Past experimentation (7.2% [95%-CB%)9 was

more common than both current use (1.8% [95%1(&+1.9%)]) and past use (2.6% [95% Ck-2.4

2.8%]). The authors extrapolated these findings to the whole population, estimating that

approximately 48.5 million EU citizens were eveigarette users, with 76.8% of them using nicotine

containing ecigarettes 1©

Bauldet al.reported ecigarette use among 60,000 people aged-11d years across the UKTheir

data were derived from several large surveys that were completed between 2015 and @17

Youth Tobacco Policy Survey; the School Health Research Network survey based in Wales; two Action
on Smoking and Health Smokefree Great Britain Youth Syraegishe Scottish Schools Adolescent
Lifestyle and Substance Use Survayith different designs and sampling strategies. When examining

the compiled resultsBauldet al. found thatbetween7%and 18%of 11-16-year-old children had

ever us@l e-cigarettes They also found thaietween 67% and 92% of 416-yearold regular

smokersin the UK had ever usedagarettes in 20152016, while between 7% and 38%fregular
smokershad used themonce perweek n t he same time periodofeThe survey
cigarettes among Hl6-yearolds who regularly smoked conventional cigarettes (i.e. dual users) was
between 4% and 10% in 204216, while the range for regular@garette use among the same

cohort was between 0.1% and 0.5%.

In the USA, data from €h20112018National Youth Tobacco Survdiggure 1) found that current-e
cigarette use among high school students increased from 1.5% in 2011 to 20.8% i3 [20dddition,
current ecigarette use among middle school students in the USA increased from 0.6% (60,000
students) in 2011 to 4.9% (570,000 students) in 2018.
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1.3.4 Reasons for eigarette use

The 2017 Eurobarometer reported that mostigarette users in the EU initiated use in order to try to
curb their tobacco intake; however, this was effective only for a minority of Us@pecifically, of the
15% of EU citizens who had ever usetigarettes, 61% of EU respondents and 58% of Irish
respondents who started usingagarettes did so in order to reduce stop their tobacco intake. Just

14% of EU and 23% of Iristtigarette users stated that they stopped smoking tobacco entirely due to

taking up ecigarette usage, whereas 10% of EU respondents and 15% of Irish respondents said that
they stopped smoking tadcco but then started again. Furthermore, 17% of EU respondents and 20%

of Irish respondents said that they reduced their tobacco intake but did not stop smbking.

TheHealthy Ireland Survey 201&ported that 44% of 7,500 respondents who had smoked in the 12
months prior to the survey had tried to quit during that peridMore than onehalf of current

smokers (57%) werthinking about quitting, while 40% of current smokers had tried to quit in the
past 12 months. Most of those who had tried to quit smoking in the past 12 months did so due to
concerns about their health. The possible link betweesigarette use and smakg cessation or
reduction was not presented in the report’s

The Irish ESPAD survey reported that the most common reason for those aglglyEars trying €
cigarettes was “curiosity”, at 60%, a waeusifge
t hem” , Fifty-oRelstudefts (17.3%) reported usingigarettes to quit smoking tobacco and
29 students (9.8%) reported smokingigarettes as an alternative to tobacco.
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2.1 Conceptual methods

Asinglestandard systematisearchapproach was used fahe five question®utlined in Section 1.
Published studies and other material were sourced via database and supplemental seArthks
were double-screened, until a final core set of relevant articles that would speak tdiveeeview
guestions were agreed upon. Fitre questionon smoking initiationwhich dealt with peereviewed
investigations §singlongitudinalcohort studies), data were extracted from the material usarg
adaptedCochrane Data Extraction Faoffh

2.2 Inclusion and exclusion criteria

The examinatiorof the relationship between thaitiation of smokingcigarettesamong young people
as a result of vaping-egarettesrequiredthat we included longitudinal cohort studies ongs such
studies can measure incidence.

Forthe questionon smoking initiationthe date limits usedre 20052019 as 2005 isonsidered the
date of introductionof e-cigarettesas they are currently understood.

No language limit was imposed initially (apart from the implicit limit of using databases that index
primarily Englishanguage research). However, on immersion in thiedxtent of the topic, it became
clear that a rudimentary translation of neénglisllanguage articles would not be adequate to
understand such technical material and there would not be time or resources to have all the non
English results translated piessionally. Thus, reluctantly, ndinglish language articles were
screened out from the articles put forward for full analysis. However, the authors are aware that a
body of research published in other languages exists which could add to the reviewfddyature.

Where duplicate articles occurred, only one of the two articles was included. Dédgdeplicating

the articles prior to screening, some-atuplicates we
screening stages. These are likely &wé got through the deduplication process due to inaccurate or

incomplete information in some of the search fields, for example, wrong or missing titles or authors,

missing digital object identifiers, or other information types.

The study inclusion critexi  fDoes ecigarette ug lead to subsequetrsmokingin adolescents (who
are cigarette naive at baseliri2) are described iffable 1.

Tablel PICGnclusioncriteria for review question
Element Description

Population Adolescents who are cigarette naive at baselifee gje of the included populatiowas
between 13 and.9 yearsor underat baseline

Exposure Electronic cigarette vaping at baseline or in the past
Comparators Nonrelectronic cigarette user

Outcomes Initiation of cigarette smoking at followp

Study design Cohort studies

Search dates 20052019 for ecigarettes

2.3 Information searches

Following scoping searches on the topic afigarettes and heanhot-burn products in Ovid MEDLINE
andOvidPsycINFO, and in the search engine Google, a search plan was designed by the information
specialist to capture relevant studies and other data. flam included literature searches using
bibliographic databases, registries, repositories, and search engines. Supplemental searches were
planned, including forward and backward citation searching of recent systematic reviews, and
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authoritative reports. Fthow-up searches of Ovid MEDLINE were scheduled to be carried out after the
initial main search, to maintain currency of the review.

‘“Sear ch ddatabdsawqgrkmasearried out from 4 to 10 April 201&nd the finalized
searches for each database wamun on the 15 AprilThese results were combined using EndNote X7
and uploaded to EPfReviewer 4 (V. 4.11.00Subsequent supplemental searches were carried out
on the 12 August and 2 October 20A8gust and October 2019.

2.3.1 Bibliographic databases

General scoping searches were carried out in late Mard®2&ing Ovid MEDLINE and PsycINFO, and
using the search engine Google, to estimate the size of the body of published information and to test
search terms. The primary database searches were carriedrotite 15April 2019. The databases
included were:

I ©Ovid MEDLINE (Ovid MEDLINE® and Epub Ahead of PRmchss & Other Nemdexed
Citations, Daily and Versions® 1946 to April 12, 2019)

Elsevier Embase
Ovid PsycINFO
Wiley Cochrane Database of Systematic Reviews

Wiley Cochrane Central Register of CongaITrials

= =/ =4 A =

LILACS (including the databases LILACS, IBECS, BOEEB,Nursing, BBG Dentistry, WHO
IRIS, PAHO IRIS, Index Psychel@&pjientific journaleand MedCarib)

I PROSPERO (Centre for Reviews and Dissemination, University of York)

Peer review oftie search strategy by another information specialist, as recommended in the Peer
Review of Electronic Search Strategies (PRESS) guid®lirsesnot carried out as resources were
unavailable when conducting the searches. However, every effort was made by the information
specialist to critically appraise the search strategies using the checklist outlined in the PRESS
guicelines in order to follow the PRESS recommendations.

On the 12August 2019, a twgart supplemental search was carried out. This included a literature
search using Ovid MEDLINE (with the same search terms as the original search but limited to recent
articles), and a citation search based on core reviews and reports. The list of reports and reviews used
for this search is includeid Appendix 1. The review titles were sourced by combining the Ovid
MEDLINE-eigarette and heanot-burn searches with a custosgd version of the Ovid Expert

Searches systematic review filter and then limiting them to publications from the previous five years.
The titles were screened for clinical relevance in accordance with PICO (e.g. smoking cessation,
harms, benefits, and in#tion) by the information specialist and titles were confirmed for inclusion

with the lead reviewer. The results from these searches were added to EndNote X7 and screened
initially for duplicates, then for relevance using the review PICO (see Tablal theanfor originality
(whether they were already included in the original search results).

On 20ctober 2019, a second simple supplemental search was carried out using Ovid MEDLINE, with
the same search terms as before. The results were screened yniiiathe information specialist to
eliminate articles that had already been screened in other searches, and to eliminate highly irrelevant
articles (e.g. articles not relating tecigarettesor heatnot-burn devicey The results were screened

by the resarchers and any relevant articles were retained.

The full search strategies used in the initial searches for Ovid MEDLINE and other databases are
included in Appendix.IThe MEDLINE searches used in the supplemental searches were the same as
the initial MEDLINE strategy.

The searches were broadly comprehensive but not exhaustive. The use of journaddwmting,
follow-up of relevant authors, and more exhaustive searches with other databases were considered
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for this review, but due to time consideratioriswas not possible to incorporate all these methods in
this project.

2.3.2 Keywords

Keywords for these searches were compiled from scoping searches on the topic carried out in
MEDLINE and Google, and with the assistance of PubMed PubRéMeRubMed teximining
software. This software allowed the easy capture of relevant medical subject headings (MeSH) terms.

The keywords used in building the searches were based on variations of termsif@rette and
heatnot-burn products, for example,-eig*, eliquid, vae, vaping, cigalike, Hr(Beat-not-burn
products, heatsticks, electronic nicotine delivery system (ENDS), and electroniticatime delivery.
Non-English terms for these concepts were also included, for examdigiaeet*, Ezigarette, and e
papieros.Some higkprofile brand names such as JUUL and IQOS were included.

For databases with a controlled vocabulary, such as MEDLINE, Cochrane, PsycINFO, PROSPERO and
Embase, terms from the relevant thesaurus (MeSH, Emtree, PsycINFO Thesaurus) were also
incorparated.

Given the considerable body of literature published to date mentionieggarettes and heahot-

burn products and the limited amount of time available to complete the review, additional search
terms were used to broadly exclude some categoriesuadys for example, MeSH and free terms for
animal studies and cell line studies.

Rather than split the single-@garette/heatnot-burn products search into three separate searches

for smoking cessation, harms and benefits, and initiation studies, a siegteh was used for all

three subtopics, and results were filtered via the screening process to the appropriate subtopic. It was
anticipated that several results would be relevant to more than one question.

2.4 Screening

A comprehensive screening process wagied out. Results (n5%L0 after deduplication) from the

literature searches were exportedtoEFPE Vi ewer 4. *Title and abstract’
by two researchers (AMcC and DOB) and the information specialist (CL). A pilot group caufsisting

10% of the results were initially screened to test the screening questions and process. The remainder

of the results was then screened using the same criteria. The screening questions comprised the five

review questions. Where there was doubt about tiedevance of an article, it was included for the

next round of screening.

Inclusionand exclusiortriteria for the title and abstract screening process wirese outlined in
Section 2.2.

After the title and abstract stage of screening, 130 papers rejdtirthe research question were

retained. The full texts of the relevant 130 papers were sourced and then screened to answer specific
inclusion queries that could not be answered using the published abstract alone. This screening was
carried out by two ofhe researchers (AMcC, and DOB), using the same inclusion and exclusion
criteria as before.

After this extended preliminary screening, 46 papers were carried forward to thektilscreening
process. Despite a thorough screening process, some artictesohze excluded on deep

examination during the data extraction process, as on close reading, they did not fulfill the inclusion
criteria of the study. In some cases, details of study type or methods were unclear. Some of the
articles included inadequateedcriptions of the analyses carried out, which required contact with the
original authors to obtain full details. Following ftakt analysis, 18 papers were included for data
extraction.

The results of théwo supplemental searcheslescribed in SectioB.3.1)were screened by title and
abstract by the information speciali eliminate obviously ouof scope results. ®entially relevant
results were then screened layresearche(DOB) Of 109 supplementaksults, only three additional
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relevant resuls were retrieved. These were added to the 18 papers remaining after screening and
resulted in 21 papers eligible for data extraction

2.5 Data extraction

Oneresearchel(DOB) extracted data from the 21 included papers intoliespokeCochrane Data
ExtractionForm*under thefollowingheadi ngs: ‘study matinanf,jerstudygene
characteristics’, ‘participants’, ‘amarganaysi¥ e group 1
and ‘other information’. JL validated the extractio
consensus. DOB noted during extractiontthanumber of the papers/ere based ordata from the

same datasetand so identified studies that were linked and groupledm for analysis and

presentation As stated above, the fintdtal included 14 unique studies published in 21 journal

papers.

2.6 Quality assessment

DOB and Jassessd the quality of the included studiaessingthe National Heart, Lun@nd Blood
I n st i(NHLBI)®akty assessment tool for observational cohort and creesstional studied®
This tool used 4items to assess the quality of cohort studi@gppendix?).

Each study was independently assessed by two researchers (DOB and JL), with any disagreements
beingresolved by consensughe results of the quality assessment are presented in Appéndix

Quality assessment results were not used to exclude studies from the main analysis, but the
assessment was used to describe the main strengths and limitations of the studies. In addéion, t
quality assessment results were used to inform our choice of-gigility studies for one of the
sensitivity analyses.

2.7 Data analysis

The results were described narratively using summary statisticglasctibing the influence of
covariates. They are gsented according to different categories of frequency of betligaretteuse
at baseline and tobacco smoking at follon, taking account of different followp periods.

Meta-analysis is the statistical pooling of two or more trials comparing the samérnterventiors.*®

A core assumption undpinning metaanalysis is thathe studies being pooled are homogeneous; all
sources of heterogeneitgind variationmust beassessed before metanalysis can be carried oth?°

A feasibility analysis an assessment ofariationin study and patient characteristics across
comparisons that affect the summary measures of effestell as thedds ratio) for theexpcsure or
interventions of interest relative to an overall referenegposure otreatment.2>2? The feasibility
assessmenivas completedn orderto decide whether to complete metanalysis, as wedls to

decide which metanalysis method would be most appropriate. The feasibility analysis considered
outcome, exposure, unit of measuremeand length of time to followup (Appendix3). Based on
these criteria, 12 studies were considered eligible fpairwisemeta-analysisso as tacompare
outcomes of two armed longitudinal studies exposurkseparate metanalysis was done using
both the primary studiescrude odds ratio and their adjusted odds raf®ORf or ‘ ever wuse’ of e
cigarettesand cigarete ( n=9) , a-ddy f o scigdrepes tn+33 B/€also completed
sensitivity analysis and subgroup analysis on'dver usédata. We usedhe ‘Me t a gackage for
the R programming languagé?* This package uses the inverse variance method for weighting of
studies?® 24 Thel? statisticdescribes the percentage of the variabilitytinatment effectsthat is due

to statisticalheterogeneity rather than sampling error (chané&Random and fixed effects models
were run, although the random effects model is preferred due the underlyiatistical

heterogeneity in the studies. Oddatios and their associated 95% confidence intervals (CI) were
calculated Where datafrom the included studies werenclear we did not includehem inmeta-
analysis

One of our sensitivity analyses explored the impact of studies which appropriatdhplbed for
confounding. Based oBlasseet al., wedefined the three domains of covariatgsvhich may be
confounders)n the ecigarette and cigarette us®pic area as demographisych asethnicity or
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family affluence), interpersonasgch asiumber offriends/family members that smokeyx
intrapersonal $uch asmpulsivityor sensation seeking¥.Studies which included covariates in all
three domains were considered wabntrolled studies.

We calculatedhe population attributable fraction (PAF) for the higjuality studies included in the

main metaanalysisThePAF is the excess risk of disease in the study population due to the presence
of the exposure (in this case-cigarettes). It is used to assess fhablic health impact of the

exposure (ecigarettes) on conventional cigarette use. It is the percentage of cigarette smoking
among the study population that usedoggarettes that could be prevented if-eigarettes were
removed?® In order to calculate the fraction for the included stesliin this report, the following

three steps were taken:

1. Used four higlguality studies
2. ConvertedAOR4o risk ratios?” and
3. CalculatedPAFusing risk ratiog8 26

However, it must be noted thahere are limitations with the method used in this analy3is
particularly the fact that the incidence rate used in the calculation is not adjusted, and as such, these
results should be interpretedith caution?°3°

2.8 Level of evidence

We used theBritish Medicalournalguidelines to assign the level of eviderféand the GRADE
certainty of evidencé?to write our strength of evidence recommendation. The levels of evidence
range from one to four. The certainty of evidence carhlggh, moderate, low or of very low quality.
The quality of evidence drives the strength of recommendation, which is onedésh translational
steps of research, most proximal to patient care.
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3.1 Descriptive characteristics of included studies

The PRISMA flow chart (Figure 2) shows the numbers of articles examined at each stage of the review
processFrom an initiab,619 studies(6,510 papers from the initial searches, plL@ papersfrom
supplemental searches]4 unique studies 21 papersnet the inclusion criteria for this systematic

review. Of thesgoapers the majority (n22) were fromthe USA3 were from the UK2 were from

Canadal was from Finlandl was from Germanyl. was from Mexicpand 1 was from the

Netherlands. As per the inclusion criteria, the age of the included populatési9 yearsor underat
baseline Most studies had one folle-up period, although one reported followp data at two time

points 32 The followup periods ranged frod months to 25 years, with data collected between 2013

and 2016 (Tale 2).

Records identified through database, search engine and repository sear
(N=14,673

(DatabasesMEDLINEN=3874; Embase: n5212;PsycINFn=1519;
CochraneCentralRegister of Controlled Trials:527; Cochrane Database of
Systematic Reviews=14; LILACS: n842; PROSPER®&93)

l

Records after duplicates removed
(N=6510)

Duplicate records excluded
(N=8,163)

v

Records included after title and Records excludedNES675
abstract screening

v

Records assigned to other review
(Smoking initiation: N=130) questions: N=705

v

Records included after fulext _
screening > Reco_rd_s_ e>_<c|uded from smoking
initiation set: N=849
(N=46)
A 4 ’ Records included from supplemental
Papers included in final analysis |~ searches:N=3)
(N=21) . .
Records excluded from final analysis
(N=29

Figure2 PRISMA flow chart
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3.1.1 Measurement of exposure

The exposure variable for all papers was the use@farettes at baseline, although the frequency of
exposure differed among studies. The majofity17)asked about ever use of@garettes at
baseling®**’, four studiesasked about eigarette use in the past 30 da§%*® %! “3two studies asked
about any prior use of-eigarettes® 52 andfour studies asked about infrequent use otigarettes®
524748 and frequent use of -eigarettes®® 524748 Two studies examined the use of both nicotine and
non-nicotine ecigarettes* “° None of the 21 studies provided any specific information about the e
cigarette type, generation or liquid. Apart from Treatral ** and Kinnuneret al.°, all other authors
assumed that eigarettes contained nicotine.

3.1.2 Measurement of outcome

All papersmeasuredcigarette smoking as an outcome variable. The maj¢nitiL8) investigatedever
use of cigarettes by followp; 33 34 3848 5052 however, some alsasked aboupast30-day use of
cigarettes(n=4§" 384143 or examineddifferences between groups in terms of frequency of cigarette
use(for example experimenters, infrequent smokerer frequent smokery (n=5) 3539495053

3.1.3 Covarides

All publications which conducted regression analysituded potential confounding variables as
covariates in their regression model, ranging from the inclusiddwafriable$® to the inclusion of 17
variables®”

Based orGlasseet al, we defined the three domains of covariates in this topic area as demographic
(e.g. ethnicity, family affluence), intgersonal (e.g. number of friends/family members that smoke)
andintrapersonal (e.g. impulsivity, sensation seekiftgdlthough the majority included covariates
from all three domains,iterewas some diversity ithe number ofcovariates included in eacktudy;

one paper® only included variableBom one domain eight papers included variablgsom two
domaing* 424446 47481 gand 10 papers included variables from all three domaifis4t 43454853

Of the 19 papers that conducted reggsion analysis on the association betweerigarette use and
conventional cigarette use, 10 studies controlled for covariates in all three main domains:
demographic, interpersonal, and intrapersonal.

3.1.4 Quality assessment

Overall, using the NHLBI qualitysassment tool, we determined that there was a variation in the
quality of our included paper$.We judged thathere werefour high-quality studiesas theyhad a
representative and clearly defined sample with atmdpation rate of more than 50%, a loss to follow

up rate of 20% or less, and a sample size justification or variance calculation for the main outcomes.
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Table2 Characteristics of included studies

Mean age
(agerange)or Loss to Baseline
school grade  follow-up sample
baseliney

Years Follow-up

Study ID Study design Objective Country

followed period

The authorexamined whether baseline
Prospective  use of ecigarettes among a Canadian
Aleyanet al. cohort study sample of susceptible and nesusceptible 2013~ 9th-12th

0,
(201833 (COMPASS  neversmoking youth was associated with 2016 2 years S grade 20.1% 9,501
study) cigarette smoking initiation over ayear
follow-up.

The authors examinee-cigarette use in a
Cohort study large longitudinal sample of Canadian

Hammondet al. (COMPASS  youth, including the extent to which-e 2013- 1 year Canada 1418 23.0% 19,310
(201730 . : L 2015
study) cigarette use was associated with cigarett
smoking initiation at dyear followup.
Prospective
(C((:)Eﬁ)crtt setugy' The authors evaluatethe association of
. baseline ecigarette use (never or ever) Followu
Barrington ALl ST with cigarette use frequency at foll P
Arring Happiness g quency oWP- 2013 Not 9th-12th 16.1%
Trimiset al. and Health Also, to evaluate transitions between 2016 reported USA rade 6,147
(201833 ) baseline ever or pas30-day single or dual P 9 Followup
Study; Yale : 240%
product use and pas30-day single or dual ®
Adolescent
product use at followup.
Survey
Study)
The authorexamined the sensitivity,
Prospective  specificity, and predictive value of the
Barrington cohort study  susceptibility to smoking index in a 2014 Approx. 16 11th and 12th
Trimiset al. (Child e n’ prospective cohort study of nesmoking 2016 m%Fr)lths. USA rade 25.3% 1,266
(201836 Health Southern California adolescents as they 9

Study) turned 18 the legal age for smoking at the
time of the study.
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Mean age

: C Years Follow-up (agerange)or Lossto Baseline
ey e STEYEEELn  CHEETE followed period CELR7 school grade  follow-up sample
baselineY
30%e-
Prospective  The authorsexamined whether eigarette cigarette
Barrington cohort study use among older adolescents in the 2014 Approx. 16 17.4 (1th users;
Trimiset al. (Child e n’ transition to adulthood leads to greater 2016 months. USA and 12th 27. ™ 298
(201634 Heath likelihood of initiation of cigarettes as they grade) never e
Study) reach the legal age to purchase cigarettes cigarette
users
Cohortstudy
(Population  The authorsevaluateal the associations of
Berryet al Assessment  prior ecigarette and other noncigarette 2013
’ of Tobacco  tobacco product use with subsequent 2 years USA 13.4 (1215) 19.1% 6,123
(201937 - o - 2016
and Health cigarette initiation over approximately 2
(PATH years
Study)
The authors snultaneously assessed e
cigarettes, hookah, noncigarette
combustible tobacco, and smokeless
Watkinset al. Cohort study tobacco as determinants of future cigarettt 2013-
(201838 [PATH Study] smoking, including whether poly use of 2015 1year USA LG Ry 10,384
noncigarette products has a greater
association with future smoking compared
with use of 1 product alone
Longitudinal  Thjs study investigated the extent to whict
study baseline ever use ofeigarettes was
Conneret al. (controls associated with the initiation or escalation 2014- 13.8 (1314)
(20182 froma of cigarette use (objectively validated) 12 2015 12months UK (never 21.%% 2,836
randomised  months later in a sample of UK adolescen smoker$
controlled aged 1314 years. The impact of controlijn

trial (RCT))  for various smoking risk factors such as
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Mean age
(agerange)or Lossto Baseline
school grade  follow-up sample
baseliney

Years Follow-up

Study ID Study design Obijective Country

followed period

friends and family smoking and their
moderating effects was also explored

IS‘SPV%;Udmal This studyexplored the associations
=l Cehnen e SHEEEIS UES el Sne iy 2016  46months Credt (11-18) 50% 2,916
(201840 . initiation among young people in Great Britain
Smoking and Britain
Health) ’
This study investigated whether
adolescents entering the 9th grade in Los 14.06 (9th 3% at 6
Lewenthaletal.  Longitudinal Angeles, California, who reported ever ~ 2013- 6 months ' month 2,530 (never
. . . USA grade) [never
(201538 survey using ecigarettes were more likely to 2014 and1 year 1 smokerg
. ! smokers] 3.4at 12
initiate the use of combustible tobacco month
during the subsequent year
Leventhakt al. Longitudinal Assoc_;latlons G Tl supsequent 2014~ < years 2,966 (never
. smoking frequency and heaviness pattern 6 months USA [analytic 3%
(2016> study : 2015 smokerg
among adolescents were examined sample]
The aim of this study was &valuate if e
cigarette trial among Mexican youth who (11-13)
Lozancet al. Longitudinal  had not previously smoked cigarettes or 2015~ . ’
(201741 survey used marijuana increased the likelihood of 2016 20 months  Mexico [analytic 3% 10435
) ) . sample]
trial and use of conventional cigarettes or
marijuana use at 2@onth followup.
This studyprospectively examind vaping
Miechet al. Longitudinal ~ &s a predictor of future cigarette smoking 2014 13.4 42% modal
3 i i USA age 19 at 58% 347
(201751 survey among youth with and without previous  2g15 months
cigarette smoking experience. A secondar follow-up

aim is to investigate whether vaping may

21



Mean age
(agerange)or Lossto Baseline
school grade  follow-up sample
baseliney

Years Follow-up
followed period

Study ID Study design Obijective

Country

desensitise youth to the dangers of
smoking.

The aim of this study was to evaluate
Morgensternet Longitudinal  whether ecigarette use in adolescence ca 2015~
al. (2018%2 survey increase the risk of conventional cigarette 2016
use.

6 months Germany 15.61 7.3% 2,358

The present study examined the extent to

which ecigarette use among never

cigarette smokers at time 1 of thetudy

was predictive of cigarette smoking status

at time 2 (one year later), while controlling

for other relevant variables that

independently may predict the uptake of
Spindleet al. Longitudinal cigarettes. A secondary purpose of this 2014 1 vear USA 18.5 [analytic
(201743 survey study was to examine if several factors 2015 y sample]

previouwsly predictive of the onset of

cigarette smoking (anxiety, depression,

peer deviance, stressful life events,

impulsivity, and the use of other tobacco

products and marijuana) predicted the

onset of ecigarette use among initial nevel

users of either cigatees or ecigarettes

35% 5,779

The authorsaimed to 1): investigate the
prevalence and sociodemographic 138
atterning of three major types of .
'(I'ng;;z al. Cohort study glternativ?a tobacco (@{gagtﬁes with ;gig_ 6 months Netherlands [complete 69.3% 6,819
nicotine, ecigarettes without nicotine and sampe]
waterpipe) and 2): investigatine
association between alternative tobacco
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Study ID

Study design

Objective

and conventional smoking, cressctionally

in the total sample and longitudinally in a

subsampl e whereby w
propensity to smoke into account

Years

followed

Follow-up

period

Country

Mean age
(agerange)or
school grade
baseliney

Loss to
follow-up

Baseline
sample

Willset al.
(20194

Willset al.

(20179%

Willset al.
(201747

Longitudinal
study

Longitudinal

study

Longitudinal
study

The authorgested the role of cognitive anc
social factors for mediating the relation
between ecigarette use and smoking
onset.

The authorgested whether the effect of €
cigarette use for smoking onset differs for
youth who are lower versus higher on
propensity to smoke

The authorgrimary aim was to test
whether ecigarette use is related to the
onset of smoking; thus, among adolescen
who had never smoked at time 1 (T1), we
determined the likelihood o$moking at
time 2 (T2) as a function of previous e
cigarette use. A second aim was to
determine longitudinal predictors for-e
cigarette uptake

2013-
2014

2013-

2014

2013-
2014

1 year

1 year

1 year

USA

USA

USA

14.7 (1416)

14.8

14.7 (1416)

44.%%

44.4%

44.4%

1,984

1,984

1,984

Bestet al.
(20188

Prospective
cohort study

This studyexamineal whether young never
smokers in Scotland, UK who have tried a
e-cigarette are more likely thathose who
have not, to try a cigarette during the
following year.

2015-
2016

1 year

Scotland

14.4 (1118)

29.6%

3,001

Kinnunenet al.
(2019920

Longitudinal
study

Thislongitudinal studyexplored whether
nicotine and normicotine ecigarette uses
predict the daily use of two different

2014~
2016

2.5years

Finland

15-16

55.1%

7,738
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Study ID Study design Obijective M el

followed period

Country

Mean age
(agerange)or
school grade
baseliney

Loss to
follow-up

Baseline
sample

nicotine products, namely conventional
cigarettes and nicotine-eigarettes

Y Gradeisshown as a proxy forge when data on ageere not provided
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3.2 Findings

3.2.1 Ever ecigarette use/ever cigarette use

Fourteen papersl(l unique studies) explored the relationship between evarigarette use at

baseline and subsequent trial of cigarettedaltow-up. Most of these papers used regression models
to produce adjusted odds ratios (A€ Rncluding varyingumbersof covariates, with all excepills

et al. (2016}° finding significant associations (TaB)e

In the USA, using data from the Chilé rHeatth Study, Barringteifirimiset al. (2016$* measured

ever use of cigarettes at a 46onth follow-up among baseline evercigarette and cigarette useis
two different models®* Boththe model vihichincluded demographic covariates offOR: 6.17; 95%
Cl: 3.311.6) ard the model which also included use of alternative tobacco products as covariates
(AOR: 5.48; 95% ClI: 2-84.2), found a significanpositiveassociation betweeeveruse ofe-

cigarettes at baseline ariditiating smoking cigarettes at followp.3*Berryet al.(2019), uing data

from the USA PAT8udy, produced a model which adjusted for all three domains of covariates
finding a significanpositiveassociation betweeevere-cigarette use andhitiating cigarette use
duringa 2-year followup (AOR4.09 95%Cl 2.97-5.63)3” Watkinset al.(2018)-who used the same
cohort, although with data from a 1&honth follow-up point—also found a significargositive
associatiorhetweenevere-cigarette use andhitiating smokingcigarettes duringfollow-up (AOR

2.53 95%Clt 1.8-3.56)3 Leventhakt al. (2015) explored the association at av®nth and 12month
follow-up in aconvenience sampleased inCalifornia®® Using a model which adjusted for variables in
all three domainsandaveraged across the two time points, they found agigant positive

association (AQRL.75 95%Ct 1.1-2.77)32 Spindleet al. (2017), againusinga sample population

from the USA, also found a significgmsitiveassociation between ever@garette use and ever
cigarette use AOR 3.37: 95%Cl 1.91-5.94).42 One Hawaiian study, controlling for demographic and
intrapersonal variables, also found a significafiéet (AOR2.87, 95%CLt 2.03-4.05)*” Willset al.
(2017a) explored the same relationship in the same sample, this time including propensity to smoke
as a variableandalso found a significarositiveassociation (estimate 0.8, SE 0.18).

Willset al. (2016), using the same Hawaiian sample as above, explored the mediating effect of social
and cognitive factors on the relationshiptieeen ecigarette use and subsequent cigarette use (Table
3).%5 Their autoregressive model showed thatigarette 1se was related to all the mediators (in
particular marijuana use{r 0.51) and smoking expectancie$$0.4))collected atthe secondime

point, resulting in a nossignificant direcpositiveeffect between ecigarette use and cigarette use, in

a modelwhich accounted for 34% of the variancé<0.34). In order to address temporal ambiguity,

the authorsalso produced a model in which data for the mediators collectetti@first time point

were considered, whicfound a significant direcpositiveassociation between-eigarette use and
subsequent smoking%=0.18)“® The discrepancies in these results demonstrate that more complex,
or sophisticategdmeasures of confounders (including different data collection points) can alter causal
interpretations®*

In the UK, Connest al. (2018) exploredassociations betweehaseline ecigarette use with ever
cigarette use at a Xthonth follow-up, adjusting for covariates across the thm@aindomains3® They
found that there was a significant difference between those who had usgdarettes and those

who had not in terms of subsequent cigarette use (AQBG 95%Cl 2.94-5.6) 3 Eastet al. (2018)

also explored this relationship in the UK, although at&#honth follow-up, controlling ér variables
across the three main domains, and found a signifigasitiveassociation (AOR.0.57 95%Ct
3.33-33.5)#% Similarly, Bestt al. (2018), controlling for interpersonal and intrapersonal variables in a
UK sample, also found a significauisitiveassociation all year (AOR2.42, 95%Cl:1.63-3.6)8

Two studies analysed the relationship between baselioggarette use with ever cigarette use using
adjusted risk ratio (ARR) as outputs (Taf)ld.ozancet al.(2017) explored the association between
evere-cigaretteuseat baseline andhitiated evercigarette use at a 2thonth follow-up in Mexicag*?
Using a model which adjusted for variables in all thresgn domains, they found that the risif
cigarette usencreased for ecigarette users (ARR.4; 95%Cl 1.22-1.6). Morgensterret al. (2018)
explored the association betweaver use of-cigarettes and subsequent cigaretteeat a6-month
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follow-up in a German sampl@ Controlling fordemographic and intrapersonal variables, they also
found a significanpositiveassociation (ARR.18 95%Cl 1.68-2.83)*?

One Dutch study explored the relationship between both nicotine andmioatine ecigarette use at
baseline and subsequent use of cigarettéAdjusting for demographic and intrapersonal variables,
the authors found a significargositiveassociation between ever use ot@arettes with nicotine and
subsequent cigarette use (AOR..9, 95%Ct 3.36-42.12) and for ever use ofagarettes without
nicotine (AOR5.36, 95%Cl 2.73-10.52)#
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Table3 AOR for ever eigarette and cigarette usamong adolescents in the selected longitudinal cohort studies

Outcome  Exposure (e Lower Upper . . Intraperso
Study ID (cigarette) cigarette) AOR 95%C] 95%C] Covariates Demagraphic  Interpersonal nal
Barrington
Trimiset al. Everuse Everuse 6.17* 3.3 11.6 Gender; ethnicity; grade; highest parental education Y N N
(2016)34
Barrington . S o o
Trimiset al. Everuse  Ever use 548" 269 11.2 Gender.,ethnluty,_gra.de, hlghe_st parental education; use of v N v
o hookah; use of cigar; use of pipe
(2016)
Sex; age; race/ethnicity; parental education; urban or rural
residence; living with tobacco user; noticing tobacco warnings;
tobacco advertisement receptivity; ever alcohol use; ever
Berryet al. Everuse Ever use 2.09 297 563 mgruu?r}e} useprescrlptlon.c.irug abu;e; enqulng frlghtenlng v v v
(2019)37 things; liking new and exciting experiences; preferring
unpredictable friends; willingness to smoke in next year; curiosi
about cigarettes; susceptibility to cigarette peer pressure from
friends
Hodkah use; norcombustible cigarettes; smokeless tobacco use
Watkinset al gender; age; race/ethnicity; parental education; urban residenc
" Everuse Everuse 2.53 1.8 3.56 sensation seekingver usel alcohol; living with tobacco user; Y Y Y
(2018758 . : . ) o -
notice of cigarette warning labels; tobacco advertising receptivi
summer season
Conneret al Friend smokers; gender; family smokendention; attitudes;
(20187° ’ Initiation Ever use 4.06* 2.94 5.6 norms; perceived behavioural control; sefficacy; free school Y Y Y
meals
Age; gender; school performance; problem behaviour; monthly
alcohol use; smoking susceptibilityciarette susceptibility;
Eastet al. e some friends smoke; some friends useigarettes; at least one
(2018y0° Initiation Everuse 10.57 3.33 335 parent smokes; at lest one parent uses-eigarettes; sibling(s) Y Y Y

smoke; sibling(s) useagarettes; public appravof smoking;
public approwal of e-cigarettes
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Outcome  Exposure (e Lower Upper
(cigarette) cigarette) 95%Cl 95%Cl

Intraperso

Study ID nal

Covariates Demagraphic  Interpersonal

Age; gender; school performance; problem behaviour; monthly
alcohol use; smoking susceptibilitycigarette susceptibility;
Eastet al. e some friends smoke; some friends useigarettes; at least one
(2018y0 Initiation Everuse LY B2 SN parent smokes; at st one parent uses-eigarettes; sibling(s)
smoke; sibling(s) useagarettes; public approve of smoking;

public approwal of e-cigarettes; followup e-cigaretteuse

Gender; ethnicity; living with biological parents; substance use;
family history of smoking; age; parental education; peer smokir

Lewnthal et Everuse  Everuse 1.7% 1.1 2.77 scalefor depressive syptoms;subscale for impulsivity; Y Y Y
al. (2015)3 . - . S .
delinquentbehaviour; smoking susceptibility; smoking
expectanciestime; ever ecigarette useiytime
Gender; age; ethnicity; depression; anxiety; negative urgency;
Spindleet al. Ever use  EVer use 337 1901 504 posmv_e urgency; Iteu:k of premedtlon; Ia.ck of pers_evera_nce; v v
(2017)43 sensation seeking; stressful life events; peer deviance; other
tobacco use
Treuret al Ever usef
' Everuse nicotine e 11.9 3.36 42.11
(201834 .
cigarette ) _ _ _
Sex; age; educational level; propensity to smoke; interaction Y N Y
Treuret al SR
' Everuse  non-nicotine 5.36* 2.73 10.52
(2018y4 .
e-cigarette
Willset al. Everuse Ever use 2 87 203 4.05 Age; gender; ethnicity; parental education; parental support; v N v
(2017b)47 rebelliousness
Sex age family affluence scalethnic group schoo]
Bestet al susceptibility to smoking at baseline; any family member smoke
(20185 ’ Everuse Ever use 5.97% 3.12 11.40 at baseline; at least some friends smoke at baseline; interactior Y Y Y

between ecigarettes and susceptibility; interactisbetween e
cigarettesand friends smoking

* Qatistically significant at the level determined by the study.
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Table4 Ever use of eigarettes and cigaretteamong adolescents in the selected longitudinal cohort studiesng statistical measures such as ARR, estimates, or
standardised coefficient

Outcome  Exposure (e Lower95% Cl  Upper95% Cl Standardised Estimate Covariates Interperson Intrapers

Syl coefficient (SE) al onal

(cigarette) cigarette)

Sex; age,; pa
socioeconomic status (SES
sensation seeking; friends
Lozancet al. that smoke; parents that
(2017)4 ST S TTES e e e smoke; siblings that smoke
tried alcohol; binge
drinking;Internet tobacco

product advertising

Sex; age; federal state;
school type; migration
background; schodkaving
qualification of parents;
SES; sensation seeking;
impulsivity; anxiety;
sensitivity; hopelessness;
Ever use Ever use 2.18* 1.68 2.83 extraversion; Y N Y
agreeableness;
conscientiousness;
neuroticism;openness;
ever ecigaettes use; ever
alcohol use; ever binge
drinking; ever cannabis use
ever other illegal drugs use

Morgenstern
et al. (2018}2

Smoker prototypes;
smoking expectancies; pee
Willset al. Everuse Ever use Y smoker affiliations;
(2016)%> ' marijuana score; gender;
ethnicity; family structure;

parental education
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Willset al.
(2016)%>

Willset al.
(2017a)%

Ever use

Initiation

Ever use

Ever use

0.18*

0.8
(0.18Y

Gender; ethnicity; family
structure; parental
education

Gender; ethnicity; father
education; propensity to
smoke; ecigarette useby
propensity

*Jatistically significant at the level determined by the studyNon-significant resultst the level determined by the study.
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3.2.1.1 Meta-analysis

In order to ascertain whether a me&nalysis was feasibler indeed appropriate, a feasibility
analysis was conducted, taking outcome, exposure, unit of measuremettength of time to
follow-up into accounts they employed the same ntaid of analysisBased on these criteria, nine
studieswith 16,808 participantsvere considered eligible for metanalysis Appendix3 presents the
full feasibility analysisSeveral subgroup and sensitivity analyses were conduoctedsess the
influence of issueésuch as quality, control for covariates, time to follow, study locationand data
collection yearyaised in the feasibility assasent, as described below.

Ushgthe ‘Metageri  p a & Kwegenducted aneta-analysis on studies which explored the
association between ever use ot@arettes at baseline and ever use of cigarettes at follpyin
cigarette-naiveadolescents at baselingigures).

Study Odds Ratio OR 95%=Cl Weight
Barrington—Trimis 2016 —E 548 [2.69; 11.18] 9.1%
Berry 2019 —- 409 [2.97; 5.63] 15.4%
Conner 2018 —- 406 [2.94; 5.60] 15.3%
East 2018 : = 10.57 [3.33;33.52]) 5.0%
Leventhal 2015 —— 1.75 [1.10; 2.78] 12.9%
Spindle 2017 —— 3.37 [1.91; 5.94] 11.2%
Treur 2018 = 11.90 [4.44;31.88)] 6.2%
Wills 2017b —- 2.87 [2.03; 4.05] 14.9%
Best 2018 —— 5.97 [3.12; 11.41] 10.0%
Random effects model o 4.06 [3.00; 5.48] 100.0%
Heterogeneity: 1= G8%, = 0.1269, p < d o1 ! rol

1 5 10 20 30

Figure3 Meta-analysis resultsusing individual study AORor association between ever-eigarette
use and subsequent smoking

The metaanalysis displays statisticallysignificantpositiveeffect on ever ecigarette use and
subsequent smoking (AOR06 95%Ct 3-5.48 1% 68%), usind\ORsn a random effects model,

which estimates different, yet related, intervention effe¢tee Appendix3 for a meta-andysis of

crude or unadjusted odds ratipsA random effects analysis allows us to addstasistical
heterogeneity that cannot be readily explained by other facf8r3he f of 68% indicates that there

is moderate to higtstatisticalheterogeneity between studies. In examining the model, it is apparent
that Eastet al,, Teeur et al.and Leventhagt al. are outliers in the group®* %° 44This may be explained,
in part, by the fact that Eagtt al.had very small numbers in the exposed grotfTreuret al.

examined ecigarettes with nicotine specifically and the number in the exposed group is unkffown,
and Leventhagét al.used a convenience sampfe

3.2.1.2 Sensitivity analysis

In addition to the main analysis, two sensitivity analyses were conducted; one to assess the impact of
the low-quality studies on the overall result, and one to assasdmpact of the studies which did not
control for the three confounder categories (degraphic, intrapersonal, and interpersonal factors)

in the regression models results.

Four studies werequaleimeyd t oahewerdi ddi‘gyhes’ t at
guestionslisted below, and thugdicating a highyuality studydesign3’ 434748 A question addressing
the inclusion of confounding variables was not includesithis was accounted ffin the second

sensitivity analysis.

(o]
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=a

Were all subjects selected or recruited from the same or similar populations (including same time
period)?Were inclusion and exclusion criteria for being in the study prespecified and applied
uniformly to allparticipants?

=

Was the participation rate of eligible persons at least 50%7?

=

Was loss to followp 20% or less?

=a

Was a sample size justification, power description, or variance and effect estimates pravided
This final question was weighted more heavdlgany st udy whi ch a@uedioner e d
was excluded from the metanalysis subgroup?®

no

Four studie® 434748 were included in the metanalysis for higlyuality studiesand theAORwas
3.71 95%CI:2.83-4.86; 12 35%), which represents a reducedR with narrowerCls once the lower
quality studies are removed. Of note, the levebtdtisticalheterogeneity is almost halved at 35%
indicating low to moderatstatisticalneterogeneity which may be explained by representative
sampling and adequate sample sizes. A further sensitiviyyais was conducted on the six studfes
873940 43 48 hich appropriately controlled for théhree domainsof covariates-that is, demographic,
interpersona) and intrapersonal factorsThe results of this analysi8@®R 3.82 95%Cl 2.66-5.48 I
69% were very similar to the resulfsr the high-quality studies assessmeiut the level of
heterogeneity remains moderate to high

3.2.1.3 Subgroup analyses

In addition to the sensitivity analyses, three subgroup analyses were conducted. The first considered
studies which collected data p@0143 3" in comparisorwith thosewhich collected their initial data
post2014343°40434448 dye to the increase in-eigarette use that was observed around this tife

As seen imableb, the AORfor studieswhichcollecteddatafrom 2014 onwards increased

substantially.

Table5 Subgroup analyses of data collected prend post2014

Subgroup AOR Lower 95%CI Upper 95%CI
Pre2014 2.81 2.45 3.72
Post2014 5.16 3.69 7.21

The second subgroup analysis considered ¢éimgth of time to followup, as studies included in the
analyses had followp periods which ranged from 4 months to 2 years. However, as only two studies
had followup periodsof less thanl year,*’ 4 including one study which haaverysmallsample size

the meta-analysis did not provide meaningful results.

Finally, given the importance of the context of these studiesluding social norms, regulatory
environment, etc.), we conducted alsgroup analysis of the European studésscomparedvith the
studies from the USA. As seeriliable6, the AORis higher in the European studig$*° 444 as
comparedwith the USA studies? 34374347 However the confidence intervals overlap.

Table6 Subgroup analyses ofada collected from the USA and Europe

Subgroup AOR Lower 95%CI Upper 95%CI
USA studies 3.18 2.26 4.47
European studies  6.22 3.73 10.38

3.2.1.4 Populationattributable fraction

We calculatedhe population attributable fractionRAF for the highquality studies included in the
main metaanalysisThePAF is the excess risk of disease in the study population due to the presence



of the exposure (in this caseaigarettes). It is used to assess the public health impact of the exposure
(e-cigarettes) on conventional cigarette use. It is the percentage of cigarette smoking among the
study population that used-eigarettes thatcould be prevented if €igarettes were removeéf In

order to calculate the fraction for the included studies in this report, the following steps tagen:

1. Used four higklguality studies

2. ConvertedAOR4o risk ratios(RRs¥/ and
3. Calculated PAF usifRRs® 28

Table7 PAF for four studies

Study ID Country AOR RR PAF

Berry(2019)37 USA 4.09 3.66 14.89%
Spindle(2017)%3 USA 3.37 2.69 18.48%
Wills (2017147 USA 2.87 2.61 12.04%
Best(201848 UK 5.97 3.65 29.35%

Table7 shows that in the USA studies, between 12% and 18% of conventional smoking is attributable
to e-cigarette sméing, while in the one UK study, this increases to 29% population attributable risk.
However, it must be noted that there are limitatiotsthe method used in this analysisparticularly

the fact that the incidence rate used in the calculation is not adjusted, and as such, these results
should be interpreted with cauticii*®

3.2.2 Past30-day ecigarette use

Four studies examined the impact of p&tday ecigarette use at baseline and subsequent cigarette
smoking at followup (Table8). Using a adjusted model (including covariates from two of the three
main domains), Hammonet al. (in a Canadian sampl&und that those who had smoked e
cigarettes in the past 30 days at baseline were more likely to have initiated snmogargttesat
follow-up (AOR2.12 95%Cl 1.68-2.66)%° Watkinset al.conducted their analysis using two separate
models, adjusting for different amounts of covariates in each, also findpagiiveassociation
between past30-day ecigarette use and conventional cigarette ug€R 3.61; 95%Ct 1.82-7.16

with 3 covariatesand AOR 2.65 95%Cl 1.38-5.1 with 14 covariates¥ Miechet al. also explored

the association between those who had recently vaped (B8stay use) and cigarette use at a
follow-up (13.4 months later) in SA sample(Table9).5! Controlling for demographic and
intrapersonal variables, they foul a significanpositiveassociatiorhetween vaping and smoking
(ARR: 4.7895%Cl 1.91-11.96)%! Finally, Spindlet al.(again in a USA samplesing a model which
controlled for three of the main variable domains, also found a signifipasitiveassociation

between past30-day ecigarette use and ever cigarette useR 3.41; 95%Ct 1.57-7.41)%

A metaanalysis was conducted, includi8f,018 participants fronthree of four studiesmeasuring
past30-day ecigarette use at dseling andfound a significanpositiveassociation betweepast30-
day ecigarette use at baseline and subsequent cigarette smalkitigtion at follow-up (AOR2.14;
95%Ct 1.75-2.62 12 0%)38 43 ST heforest plot is presented iAppendix3.

3.2.3 Past30-day cigarette use

Four papers (three unique studies) explored the association betwesgagette use and pasiO-day
cigarette usgTable8). Berryet al. used a model which ad§ted for all three domains of covariates in
a U sample the PATHRudy) and found a significamtositiveassociation between-eigarette use
and past30-day cigarette use ahe 24-month follow-up point QOR 2.75, 95%Ct 1.6-4.73)%
Watkinset al.used the same cohort, although with data from am®nth follow-up point, to
investigate the relationship between different categories dfigarette use and cigarette use at
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follow-up, using one model which adjustexhly for alternative tobacco products and onmedel
which adjusted for covariates in all three domaffi&cigarette use at baseline was associated with
past30-day cigarette use at followp (AOR 2.39, 95%Ct 1.42-4.00with 3 covariatesand AOR

1.87: 95%Cl 1.15-3.05 with 14covariate$.3® Spindleet al., using a sample from the BSexplored
the associations between ever and p&€§kday ecigarette use with ever and pa80-day cigarette
use at followup.** Using a model which controlled for thremovariae domains, they found a
significantpositiveassociation between ever@garette use and current (pa80-day) cigarette use
(AOR3.3; 95%Ct 1.2-9.05)43

Lozancet al** explored the association betweevere-cigarettes abaseline and pasd0-day

cigarette use at a 2thonth followrup in Mexico(Table9). Using a model which adjusted for variables
in all threecovariatedomains, they found aon-significantincreaseamonge-cigarette usersn

cigarette use in the past 3Gagis(ARR1.43 95%Clt 0.94-2.16)#

3.2.4 Past30-day ecigarette and past30-day cigarette use

Two studies explored the association between p2@tay ecigarette use and pasi0-day cigarette
use (Table). Spindleet al., using a sample from the BSound that theassociation between past
30-day ecigarette use and pasg0-day cigarette use was not significa@iR 1.15 95%Cl 0.15-
9.06)# Similarly, Wattinset al., using data from the USPATHRudy, found no associatiorfor 3
covariates AOR 2.48 95%Cl 0.91-6.78) or for 14 covariate$AOR 2.08 95%Cl 0.81-5.4).38

3.2.5 Frequency ok-cigarette and cigarette use

Fivestudies eplored the association between baselineigarette use and frequency of subsequent
smoking at followup (Table8). Hammondet al>° and Kinnuneret al*® analysed the relationship
between ecigarette use abaseline and daily cigarette use, Hammaatdhl. at a1l-year followup,

and Kinnuneret al. at a 25-year followup, both adjusting for demographic and intrapersonal
variables®® *°Hammondet al.found a significanpositive association between baseline pe3@-day e
cigarette use and daily smoking initiatioh@R 1.79, 95%Cl 1.41-2.28)>° while Kinnuneret al.

found a significanpositiveassociation betweerver use ohicotine ecigarettes and daily smoking
(AOR2.92 95%Cl 1.09-7.85)but no association betweeever use ofon-nicotine ecigarettes and
daily smokingAOR 0.94; 95%CI 0.22.08)%°

BarringtonrTrimiset al., using three cohort studies in California and Connectiexplored the
association between everggarette users at baseline and cigarette use (to varying degrees) at
follow-up. Theyexaminedthose who subsequently experimented with cigaretté®OR 4.57; 95%Cl
3.56-5.87),those whowere infrequent users ofigarettes AOR 4.27; 95%Cl 2.5-6.62) and those
who frequently used cigarette\OR 3.51; 95%Clt 1.97-6.24), controlling for demographic variables
only; all findings demonstrated an increased likelihood of cigarette smoRing

Willset al.explored the impact of different frequencies ofcearette use at baseline on smoking
onset at followup.*” They found significarfiositiveassociations foone to twotimes ecigaretteever
use OR 2.88 95%Cl 1.96-4.22), forthree to fourtimes ecigarette use @R 2.29 95%Clt 1.35-
3.87), for yearly/monthly usedR 4.17: 95%Cl 2.03-8.57) and for weekly/daily ecigarette use QR
4.09 95%Ct 2.43-6.88)#’ Leventhakt al., using a USconvenience sample, explored associations
across differat frequencies of eigarette use at baseline and cigarette use at follgm?? They found
a positive association between baseline vaping and folgpvsmoking frequencyAOR 2.51; 95%Ct
2.30-2.75), controlling for covariates in the three main domains.

3.2.6 Nicotineversusnon-nicotine ecigarettes

Two studies explored the specific impadtnicotineversusnon-nicotine ecigarettes on subsequent
conventional cigarette us€Table8). Adjusting for demographic and intrapersonal variables, one
Dutch study found a significapbsitiveassociation between ever use otegarettes with nicotine
and subsequent cigarette us®R 11.9 95%Ct 3.36-42.12) ando a lesser extenbetweenever use
of e-cigarettes without nicotinend subsequent cigarette u§®R 5.36, 95%Cl 2.73-10.52)#
Kinnunenet al. explored the association between ever trying either nicotine or-n@otine e
cigarettes at baseline and daily smoking @& &year followup in a Finnish sampié.Using a model
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which controlled for demographic and intrapersonal variables, they foupdsitive significant
association betweeever use ohicotine ecigarettes and daily smokin@R 2.92 95%Ct 1.09-7.85)

but noassociation betweerver use ohon-nicotine ecigarettes and daily smokin®R 0.94, 95%Cl
0.22-4.08)#



Table8 AORdor different frequencies of ecigarette and cigarette usamong adolescents in the selected longitudinal cohort studies

Upper
95% Covariates
Cl

Outcome Exposure (e Demayr Interpers Intrapers

Study ID aphic onal onal

(cigarette) cigarette)

Hammoncet al.

(201750 Initiation Past30-day use 21> 168  2.66
H @tal  Dai " Schools; age; sex; race/ethnicity; spending mgseyoking status Y Y N
ammondet al. aily smoking
(20175 initiation Past30-day use  1.79 141  2.28
Barrington
Trimiset al. Experimented  Ever use 457 3.56 5.87
(201833
Barrington
Trimiset al. Infrequent Ever use 4.27 2.75 6.62 Sex; race and/or ethnicity; grade; study (e.g. cohor? byr 3) Y N N
(201839%
Barrington
Trimiset al. Frequent Ever use 3.51 1.97 6.24
(201839%
Sex; age; racel/ethnicity; parental education; urban or rural
residence; living with tobacco user; noticing tobacco warnings;
tobacco advertisement receptivity; ever alcohol use; ever
Berryet al. Past30-day use Ever use 2 75 16 4.73 mgruu.ar_lg useprescrlptlon_(jrug abus_e; enqulng frlghtenlng v v v
(201977 things; liking new and exciting experiences; preferring
unpredictable friends; willingness to smoke in next year; curios
about cigarettes; susceptibility to cigarette peer pressure from
friends
Watkinset al.
E F 2.58 1.77 3.761 .
(20188 Veruse ormer use Hookah use; noitombustiblecigaretteuse smokeless tobacco
) use; gender; age; race/ethnicity; parental education; urban
Watkinset a. Ever use Past30-day use  1.87 115 305 residence; sensation seekirgyeralcohol use; living with tobaccc Y Y Y
(201838 user; notice of cigarette warning labels; tobacco advertising
; receptivity; summer season
\(l;lgil;g:e tal. Past30-day use Ever use 2.65" 138 5.10
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Study ID

Watkinset al.
(201838

Watkinset al.
(20188

Lewenthalet al.

(201652

Spindleet al.
(20173

Spindleet al.
(20173

Spindleet al.
(2017)*

Willset al.
(2017h*

Willset al.
(2017h*"

Willset al.
(2017h*7

Willset al.
(2017bh*"

Kinnuneret al.

(2019%
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Outcome

(cigarette)

Past30-day use

Past30-day use

Smoking
frequency

Ever use

Past30-day use

Past30-day use

Ever use

Ever use

Ever use

Ever use

Daily smoking

Exposure (e
cigarette)

Former use

Past30-day use

Ever use

Past30-day use

Ever use

Past30-day use

Use 12 times

Use 34 times

Use
yearly/monthly

Use weekly/daily

Ever use non
nicotine e
cigarettes

1.84*

2.08¢

2.51

3.41*

3.3*

1.15¢

2.88°

2.29*%

4.17*

4.09*

0.94¢

1.07

0.81

2.3

1.57

1.2

0.15

1.96

1.35

2.03

2.43

0.22

3.15

54

2.75

7.41

9.05

9.06

4.22

3.87

8.57

6.88

4.08

Demayr Interpers

Covariates .
aphic onal

Age sex ethnicity; highest parental educatigiwhether student
lived with both parentsever use of alcohol or drugsver use of
combustible tobacco produgfamily history of smoking
depressive symptomémpulsivity: lack of premeditatign
impulsivity: sensation seekingelinquent behaviourpeer
smoking smoking susceptibilitysmoking expectancies

Gender; age; ethnicity; depression; anxiety; negative urgency;
positive urgency; lack of premeditation; lack of perseverance;
sensation seeking; stressful life events; peer deviance; other
tobacco use

Age; gender; ethnicity; parental education; parental support;

: Y N
rebelliousness

Gender; socioeconomic background (measured by parental

background); other tobacco produase school clustering Y N

Intrapers
onal




Upper

Study ID Qutcome Exposure (e 95%  Covariates Demagr  Interpers  Intrapers
(cigarette) cigarette) Cl aphic onal onal

Kinnuneret al. . . Ever use nicotine "

(20197 Daily smoking e-cigarettes 2.92 1.09 7.85

*Jatistically significant at the level determined by the studyNon-significant resultst the level determined by the study.

Table9 ARRdor different frequencies of ecigarette and cigarette use

Study ID Outcome  Exposure (e ARR Lower Upper Covariates Demagra Interpers Intrapers

(cigarette) cigarette) 95%Cl 95%Cl phic onal onal

Lozanet Past30- Sex; age; parent SES; sensation seeking; friends that smoke; parents that
Ever use 1.43¢ 0.94 2.16 smoke; siblings that smoke; tried alcohol; binge drinkintgrnet tobacco Y Y Y
al. (2017*t  day use -
product advertising

Miechet al. Everuse Past30-day use 4.78* 101 11.96 Binge _drln.klng in |f’:1$t 30 Qaﬂsasellne]; marijuana used in last 30 days
(20175t [baseline]; female; nonvhite

*Jatistically significant at the level determined by the study.

¥ Non-significant resultat the level determined by the study.
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4 5Aa40dzaarzy
4.1 Summaryfindings

The most commonly explored association among the included studies was betweenagaraite use and
subsequent use of cigarettes. All studies which explored this relationship, otheMfill®t al,*> found that there
was a significanpositiveassociation between ever using aftigarette at baseline and ever using a cigarette at
follow-up. Ourmeta-analysiswvhich included® of the 14 unique studiesand was lased on primary study adjusted
odds ratios found that thecombinedodds of trying smoking were 4.06 times higher for those Wwhd everused e
cigarettes at baseline, although this was reddslightly (0 3.71 times the odds) when only the higjuality studies
were included. The main metnalysis indicated that the model had a moderate to tstgtisticalheterogeneity
however, a sensitivity analysis of only higfuality studies had low tanoderatestatisticalheterogeneity with a
slightly reduceadcombired OR Using the formula proposed byZng and Yu (1998),an approximation of an
adjusted relative riskrisk ratio]was calculated for the four highuality studies®” 434748 This resulted in a range of
values for thePAF indicating ttat between12%and29%of those in the four studies whibadtried a cigarettehad
done sodue to their initial use of €igarettes. In other words, if-eigarettes did not exist, there would have been
between12%and29% feweradolescensmokers. However, it must be noted that there are limitatidmshis
method, in particular the fact thathie incidence rate used in the calculation is not adjusted, and as such, these
results should be interpreted with cautidii®°Subgroup analyses of these studiesealed a highe©ORfor the data
collected after 2014, a time point at whickoggarette use increased substantialfas well as for the da collected
in Europe (as comparedlith the USA

Based on primary study adjusted odds ratitmsyr studies examined the relationship between p&étday e

cigarette use andhitiating cigarette use also foundsignificantpositiveassociation, although with a lower
combinedORthan ever trying ecigarettes; indeed, a metanalysis of three of thesgtudiesfound that ecigarette
users had 2.14 times thmombinedodds of cigarette smoking comparadth non-e-cigarette users. Three sties
measured the association between evecigarette use and pasi0-day cigarette use, with significamgositive
associations in the USA sampfe§ *3 but no association in a Mexican samptdeither study which measured past
30-day use of eigarettes and subsequent pa30-day cigarette use found a significgmisitiveassociatiorf 38

Different patterns of use and frequency ufe ofboth e-cigarettes and cigarettes retained significqusitive
associations. One USA study found signifigensitiveassociations between-eigarettes andexperimenters,
infrequent and frequent usrs of cigaretts.®® In the inverse, two USAulies examined different frequencies of e
cigarette use at baseline on ever cigarette use at follgpnand found significanpositiveassociations between all
variations of ecigarette use and subsequent smokiti§? Two studies which examined the relationship between e
cigarette use and daily cigarette use found a signifipasitiveassociation® *Calthough this relationsip was non
significant when nomicotine ecigarettes were examinet.

Two studies explored the specific impact of nicotueesusnon-nicotine ecigarettes on subsequent conventional
cigarette use**4° Ore study which measured everaigarette use and ever smoking foundignificantpositive
association between ever use ot@arettes with nicotine and subsequent cigarette Leed betweenever use of e
cigarettes without nicotin@nd subsequent cigaredtuse although to a lesser extefit However, a study which
explored the impact of nicotine versus naicotine ecigarettes on daily smokirfgund a significanpositive
associatiorwith nicotine ecigarettes but noassociation between nomicotine ecigarettes and daily smokirf§

We assigned a level of evidence of 3 udnigish Medical Journguidelines® as this is a systematic review of

cohort studies, some of which had high loss to folapvand/or very small sample sizes. Howewéth respect to
certainty of evidencé? the HRBauthors have moderate confidence that the true effect is probably close to the
estimated effecffor trying smoking at followp for those who had ever usedaigarettes at baselines allmeta-
analyses indicate that there is a significaositiveassociation between usingagarettes at baseline and smoking
cigarettes at followup, and this effect size is quite largie findings arestatistically significanonsistent and the
exposure occurred beferthe outcome Six studies controlled for confounding under three domains (demographic,
interpersonal, and intrapersonal) associated with smoking cigarettes, and had a diuiltghter, significant

estimate of effect in metanalysis. The four highuality studies also had a similar and tighter estimate of effect and
lower statisticalheterogeneity. The remainder of the studies were judged to be moderate quality becauseiof t
small sample sizes afat highloss to followup. Thefindings of the HRB metanalysisare consistent withtwo

earlier metaanalysesy Sonejiet al. °¢ and Aladeokinet al.5”
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4.2 Comparison with previous research

4.2.1 Comparison with other systematic reviews

A previous systematic review antketa-analysis, conducted in 2017, also examined the association between initial
use of ecigarettes and subsequent smokiffgdlthough this studynvestigatedooth adolescents and youraglults

(with an age range of 80 years), many dhe studiesinvestigatedwere similar to the ones in the present review,
albeit without the more recently published pape&milarly to the HRB review, Sorsgjial. found that ecigarette

use is associad with an increased risk of future cigarette smoking initiation and current cigarette smoking, even
after adjusting for potential confoundingy demographic, psychosocial and behavioural risk fadta3R 3.5; 95%

Cl 2.385.16, 1> 56%) The Sonejet al. meta-analysis included seven studjeshereashe HRB metanalysis

included nine studie. We did not include threef the studies from the Soneit al. meta-analysisMiechet al.was

not included inthis meta-analysis because the data were analysed using RR aARRand we could not convert

the ARR to arAOR®! The two Primack studies were excluded because their respondavesage age exceeded 19
years. The results also correspond to a more recent raetaysis which found a significambsitiveassociation

between ecigarette use and subsequent smoking in a UK context%llithough we focused on adolescents only,
other studies have found thigositiveassociation in older aggroupssuch afrimacket al.and Ungeret al.

descrbed in the metaanalysis by Sonegt al.>® A narrative review conducted by Glass¢ml. (2019) concluded that
while ecigarette use is associated with subsequent smoking, it is difficult to drawgtonclusions because of
methodological limitationsand urged future research to address vulnerabilities in young people which may explain
the relationship?®> The World Health Organization based on the Academies of Sciences systematic narrative review
reported thatthere is moderate evidence that youngversmokers who experimemith electroniccigarettesare

at least twice more likely to experiment with smokitager.>®

4.2.2 Public health considerations with respect to@garette use

Sonejiet al,, in their systematic reviepsuggested that in order tminimisethe potential publichealth harmfrom e-
cigaretteuse,regulatory authorities and public health agencies need to enfagaimitationswhen buying e
cigarettes, placeestrictions on adveising campaignthat may be viewedby adolescentslimit charactersing
flavours, and reportnicotine content ine-liquid.>® Aladeokinand Haightonsuggested thapublic health policy
makers in theJK still need clear conclusions about the effects and safetycafarettes®” The EU has developed
regulatiors to address €igarette manufacture, presentation and sales under Tldacco Products Directive
(2014/40/EUY? The Directive lays down rul@sohibiting sales to persons under 18 years. In addition, Article 20 of
the new regulations prohibitfmmotional elements on €igarette packaging, and crebsrder advertising and
promotion of ecigarettes sets limits on maximum concentrations of nicotine in liquids, limits maximum volumes of
liquid that can be sold in a single container, requires childproof and tafpyoef padkaging of liquid, sets
requirements on purity of ingredients, requires that the devices deliver consistent doses of vapour, requires
disclosure of ingredients and nicotine content, and allows member state regulators to act if the regulations are
violated.In addition, warning labels can be placed ecoigarettes However, he regulations do not ban vaping in
public places®Ireland are in the process of implementing the European regulatiamspulation health approach,
similar to thatsuccessfullyised in Irelando addresgobacco, écohol and psychoactive drugsuesmayneed to be
extendedto tackleuse of ecigarettes a population health approach to psychoactive substances usually involves
addressing price, availability, and marketing to limit use among young and vulnerable populdgongdyet al.
reviewed the global approaches to regulatingigarettes and foundhat 22 countries regulate-eigarettes using
existing regulations/ countries made amendments to existing legislatiand14 countries use a combination of
new/amended and existing regulatiom addition,25 countries enacted new policies to regulateigarettes®®
Kennedyet al.identified severalregulationdomainsincluding product prohibitions or restrictions related te e
cigarette manufacturing, distribution, importation, sale and minimum afjpurchaseThey also identifiedise
restrictionson useincluding vapdree public placesThey identified that a number of countries prohibited or
restrictedadvertising, promotion, andr sponsorshig® Some countries introducethxation of e-cigarettes to
increase price or affordabilityfSome countries introduced requirements suchhaalth warning labellindisting of
ingredientsincludingflavours, listing nicotine volume/concentrationreporting of adverse events associated with e
cigarettes and their liquidsandthe introduction ofchild-safety packagind<ennedyet al.also found that-
cigaretteswere banned in 25 countrieand market authorisationwas required in 17 other countri€.The authors
go on to say thaminimum ageof-purchase policiesascommonin countries permitting the sale of@garettes

(with the age of purchaseangingbetween the age of 18 and 21 yearkcigarette usewas banned in enclosed
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public spaces such as bars, restaurants and other workplaces in 25 countries. Advertising anthgmwgigarettes
were banned in 35 countri¥.

Kennedyet al.identified 14 countries that requirge-cigarettes to havéiealth warning labelsand 13 that regulatel
ingredients and flavours thatere tobe used in ecigarettest In 14 countriesnicotine concentrationslid not
exceed 20ng/mL of eliquid. Childsafety standards for-eigarettes and/or diquid bottleswere required in 11
countries.Regulations on importation of-eigaretteswere in place in 14 countriedlanufacturing standards foe-
cigarettes marketed as medicinegre required in 13 countrie®. The distribution of ecigarettes marketed as
medicineswasregulated in 21 countries. Manufacturers/retailers are required to ndtily appropriate authority
prior to marketing ecigarettes in 13 countrie§Specificsafety standardsvere required for ecigarettes or diquids in
26 countries. Venezuela prohibi the registration of ecigarettes as a brand/paten&ix countrieappied a tax to e
cigarettes.The list of regulairy optionsidentified by Kennedst al. provides policy makers wita broad menu of
possibilities?®

4.3 Theoretical implications

Itis clear from the aboveesults that there is a strongositiveassociatiorbetween ecigarette use and subsequent

cigarette trial; however, it is not clear what is driving this association. One commonly proposed explanation is the
‘gateway theory’' , whiKarklimbesdas asvadypathrasdo ekplain thecobsersed
phenomenon of young people’s use of afThetheoryhasbeeh dr ugs
developed since then, most recently exploring the effects of nicotine on the brains of mice, and had beentapplied

the ecigarette debate

~d

N
Our findings also provide initial biologic insights that may help inform the current
debate about electronic cigarettes, which have been promoted as a tool to stop
smoking and reduce the harmful effects of combustible tobacco use in the
population. Althouty e-cigarettes eliminate some of the morbidity associated with
combustible tobacco, they and related products are pure nicetievery devices.
They have the same effects on the brain as those reported here for nicotare
they pose the same risk afidiction to other drugs and experiencé&™®

However, the gateway theory has received criticism, both in general and in relationigaeettes®? 53 A commonly
reported refrain from detractors of the gateway theory is that it is difficult to f8¢tter states that Hill €945
nine aspects of causality need to be employed in order to decide whether an association is Qasisaigth of the
association; pconsistency (across trials, investigators, individuals, research methods, replicatipggcidicity (can
other thingscause it?); #itemporal precedence (do we know if cause precedes effecj?loge responsivity; 6
plausibility (biological and psychological)cdherence (consistent with other lines of evidence)egperiment;and
9) analogy (do similar agents adtrslarly?)53

In order to try to explore the roots of causalitigfter recommends large longitudinal epidemiological studies which
measure smoking onsgetontrol forconfoundersand include a propensity score measure of liability to smoking.
Many of thestudiesincludedin this revieware designed as such; indeebme(such asTreuret al*4) haveexplicitly
addressecE t t suggessions of study characteristics that are needed to provide evidendiis theory#*©3

Others, such aBerryet al.,*” have demonstrated thapropensity for risk is unlikely to be the sole reason for
initiation in this gatewayasthe associatiorin their studywas especially pronounced in the levgk group Some
studies have evaluated other aspects, such as desgonsivity Willset al.*” and Leventhaét al.>? provided some
evidence for differenfrequencies of vaping at baseline, but this result needs to be further expldtes study

design used to assess the relationship betweeamgarette use and initiation of cigarette smoking does not allow us
to say there is a definitive causal relationshiut it does allow us to say that the findings build a case towards a
causal relationship as the findings are consistent across all studies included in thamadtsis. Furthermore, the
strength of association is statistically significant across afigw research studies. In addition, the use of e
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cigarettes occurred before initiating smoking fulfilling the criteria for a temporal relationship and two studies have
examined the dose response relationship.

Whether there are other additional explanatofgctors or not, ve need to understandvhat drives the relationship
between ecigarette andobaccocigaretteuse and if the effect is definitively caus@titics of the gateway theory
often propose the common liability theory, which states that theransunderlying common liability within people
which increases their propensity to use drugf$’ Despite this, one strong argument against the common liability
theory is that some studies have shown that young people with typically low risk of initiating smokingepaxted
the strongest association betweencigarette use andubsequensmoking Indeed studies included in this review
have found thisfor example, Morgensteret al. found, in a German sample, that the association between e
cigarettes and subsequent smoking initiation was stronger among adolescents with low sers&aidmg scoreand
without any experience of alcohol intoxicatiéhSimilarly, in a Caalian sample, Aleyaet al.® found that the
relationshipbetween ecigaretteuseand subsequent smokingas strongemmongnon-susceptibleyoung people
than susceptiblgzoungpeople—a result that mirrored Barringtoffrimiset al” @016¥*finding that associations
were strongerm adolescents with no intention of smoking at initial evaluatiBarryet al. also found that the
association of prior €igarette use with cigarette initiation was stronger among-ask youths, and Willset al.
(20179 found that the relation between €igarette useat one time pointand smoking onsett a subsequent time
point was stronger among participants with lower levels of rebelliousness and willingness and higher levels of
parental supporf” 46 Conrer et al. (2018 found that the association between ever use efigarettes and initiation

of cigarette e was particularly strong among adolescents with no friends who smoked, a group usually considered
to be less susceptible to smoking initiatigiFurthermore, Miectet al. found that among nesr-smokers at baseline,
recent vapers were more thaiour times more likely to move away from the perception of cigarettes as posing a
‘great ri sk’ of har m, a satfon pnodeis$ These findings asetcancetnirapthey h a de s
highlight the risk that ecigarettes, and subsequently cigarettes, may beddtrced to a population who otherwise
would never have uske-cigarettes? It also highlights that propensity for risk may not be driving the association
between ecigarettes and subsequent smokifg.

Recentlyhowever, some authors have proposed that the gatewagory and the common liabilityheory are not,
as some say, opposing, but rather are complementé&rJhey state that use of drugs in general will be explained by
common factors, whereas specific factors will explain why young peopldrugs in a specific sequenée.

4.3.1 Catalyst model

In a 2016 paper, Schneider and Diehl proposed an alternative model for the path ftayarette use to
conventional cigaretteise considering numerous hypotheses andipaays. They separate the process into two
stages, from no consumption tea@garette consumption, and then fromagaretteuseto conventional cigarette
use(Figure4).52r85DFactors such as flavour, health, price, role model, concealpaeat acceptance play a role in
the first stage by easing the process of initiatiaa they appear healthier and neacceptable to some, while the
flavours attract others. In the second stage (i.e. the transition frecigarettes to cigarettesjhe authors
hypothesise that addiction, accessibiliasnd experience may drive the subsequent move to conventional cigaret
use®?

The addiction element of this model hypothesises that the addictive nature of nicotinpaigihtially encourage
young people who have developed a tolerance to the nicotine provideddigagettes to transition to conventional
cigarettes due to a desire to increase thieotinedose.This hypothesis is particularly relevant in relation to
adolescents, due to the believed sensitivity of the developing brain to the effects of nicotine. The experience
element hypothesises that familiarising young people with the habitual rituals associated-eijarettes could
familiarise and ingratiate them i the similar processesssociated with conventional cigarettdsnally, the
accessibility and proximity of both@garettes and cigarettes may work to promote conventional cigarettes to e
cigarette users. For young people, the proximity to smokers, ascgeeette user, may be particularly important.
This model deronstrates thatthere are a number of paths wherebycggarette use mighéncouragesmoking
uptake.

Two factors which exist outside the model but are nevertheless influeatéethe liability hypothesisand the
renormalisation hypothesis. THbility hypothesisstatest h andividual predisposition and specific socialization
make the initiationof e-cigarette and tobacco use more likely, especially ammjo | e $%5Eand the'
renormalisation hypothesis t a t e the ihcleasing rate of-eigarette use leads to the renormalizatioh
smoking and to more people initiating tobacco smokiegpeciallla mong ad o’#®% cent s . ”
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Figure4 Schneider and Die&illustration of the possible catalyst function ad-cigarettes, along with possible
reasons for potential transitions

Used with permission. © The Author 2015. Published by Oxford University Press on behalf of the Society for
Research on Nicotine and TobacBourceSchneider and DielifPs51)

4.4 Limitations

As with any research study, there are some limitations to thé$esnatic review, with regartb both the overall
review and the included studies.

4.4.1 Ecigarettes as standaréxposure

One limitation of the research in this area is the lack of specificity of the expésargarette)in terms of

generation, product typee-liquid and its nicotine contentetc. None of the included studies asked specific
guestions, andnly two** 4°of the 21 studies measured the differences between nicotine and-naotine e

cigarettes. This is particularly pertinent as the world @igarettes is fasmoving, wih new products developing
rapidly. As the data in this reviewere collected between 2013 and 2016, it is possible that the collected data refer
to e-cigarette products which are no longer in widespread use. Future cohort stwilleseed to collect more
detail ed i nfor mat icigaretteasen ordertorngreapeeowur knbvdedge in ¢his area.

In addition, given that the baselirdataof many of these studies wemllectedin locations and at times when
there were no age restrictions ondgarettes, it is possible that theagarette use pattern may already have
changedf® &

4.4.2 Exposure and outcome measures

The most common measure of bothcei gar et t e and cigarette uyasmeasweawhich ever
has been criticised by commentatdts. P 88Gdayu s e’ has recei v,aditdéebrotiderdifne cr i t i
whether people usd the product once in the past 30 days, or if they used it regularly. However, the use of these
measureshasbeen justifiedby a number of publications, with a recent study Biygeet al. reporting thatmore than

two-thirds of smokers who tried as little as a single gliffing adolescencbecame, for a time, regular smokefdn
adolescents specifically, Dierketral. (2012) report that a usual trajectory of smoking proceeds from

experimentation to nordaily smokingand thento daily smoking?
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Furthermore,one of the studies included in this revie®astet al., used a causal mediation analysis, finding that e
cigarette escalation did not act as a mediator between s ofcigarettes and subsequent smokinghich
suggess that it is primarily ever use of-eigardtesthat contributes to initiation ofuse ofcigarettes.*°

Given the limited data collection points in these studies, it is possible that a propaftienigarette nonusers at
baselinemay have initiated eigarette use during the followp periodsof the studies butwill continue tobe
labelledasnon-users thereby underestimating the exposur8econdly, as pointed out by Beg¥al., by examining
an exposure that is already estadtled at baseline anadjusting foralcohol and marijuana usa that time point
studiesmay fail to accountor variables that fall in the pathway between exposure and outcéhievidence from
Willset al. demonstrates that the temporal sequence of confounders can have an iMipBature research should
focus on following young people for longer, collecting more detailed data at multiple poiotslerto assess the
patterns of use.

Finally, in all the studies in this area, it must be noted thatigglbrting of smokingmayresultin underreporting of
smoking levels byoung people?

4.4.3 The issue of confounding and causality

It should benoted that all of the studies included in this review are observational prospective cohort studies with
one or two followup points. As suclihese studies argood for testinghe sequence of events but cannot explain
why this association is happenif$ylany of thesestudies included the known potential efbunding variables (e.g.
social status, smoking susceptibility, peers who smdka)of course, there could be other underlying
characteristics with have not been accounted for in these models. One study, funded hyltiaeco industry,
conducted many exploratory analyses of the B HRudy datain orderto better understand the impact of
confounding variables in general, with a particular foougpropensityto-smoke scoresTheyconcluded that
reported estimates of the gateway effect are too high and adjhat the effect may not be seen if all confounding
variables are fully accounted 6t Furthermore it has been noted thatlthough several studies asfiestions
assessing the r espoimpubsinity a febeliosmessheiractualillisitsuddtanae gséwhich
was less frequently includ@dhay be a bettermore tangiblemeasure’™

As it is unlikely thaRCTsvould be possible in this area (due to the ethical conundrum of providing young people
with e-cigarettes), causality will be difficult to pro§&however, autoregressive and causal mediation analyses, such
as those carried out by Wil al*>and Easet al.** may help us to unpick the underlying factors which drive the
association betweenseof e-cigarettes and subsequent smokirichese may help to further the case for causality.

4.4.4 Limitations of specific studies

Four studies that measured use ofaigarettes at baseline and evemokingbetween baseline and followp were
considered to be ofiigh quality®” 434748 and were included in our sensitivity analysis.

A recurring issue across our studies was the usmp¥enience, matchear quota samples, which restricts the
representativeness of the finding®:3° 3° 40582 A further common limitation was the high loss to follayp rates in
the included studies, with only five papers retaining more than 80% of their sample at-ghioif37 38 42 52

In addition to the more common issues, some studies had specific problems which may inhibit interpretation of their
findings. One study, conducted in the Netherlanchried outits longitudinal analysis on a subsetitsf sample (less

than onethird). However, althouglthe authorsprovided demographic information on the overall sample, they did

not provide information on this subset. This is problematic for assessing the: depréssntativenesé? Finally,

one USA study, conducted by Spinéltal.,, presented incorrect data in the Table 2 presented in their pdper.

4.5 Future research

4.5.1 Cigarette escalation

In this review, we specifically investigated cigaretsveyoung people at baseline. However, interesting studies
such asthose conductedy Boldet al.”® Conneret al.,*® and Chaffeest al.,”® haveinvestigatedescalation of cigarette
use among young-eigarette usersFor example, Chaffest al. (2018) found that eigarette use was associated
with progressiorfrom experimental smokintp established cigarette smoking among adolescentreiga
experimenters, demonstrating that this area needs further exploratfon.
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4.5.2 Future patterns of smoking

As outlined by Etter, one of Hill’'s requir efreguentys f o
response’® Kinnuneret al. state that in order to test the gateway theory, initiation, ever use, and regular use need
to be explored®® They found thanicotine ecigarette experimentation or use, but not navicotine ecigarette
experimentation or use, predicts the onset of daily cigarette smoking, aadrticotine ecigarette experimentation
predicts the daily use of nicotine@garettes.

This study provides evidence towards establishing the link betwegigarette use and the onset of smoking. The
next stage of this association is to consider whetheigarette use at a young age has any impact on the
subsequenfrequencyof, and dependency orcigarette smoking. Some studies have already investigatedhhis
further work needs to be doni orderto synthesise these results, facilitatingleeper ad more robust
examination of this relationship.

The studies which examined different frequencies of the exposunig@ette vaping) and the outcome (cigarette
smoking) found significanositiveassociations, but further research is neededrderto build a body of
knowledge Furthermore, exploration of whether smoking during the follaw period is associated with later
dependent smoking is warranted.

4.5.3 Vaping and smoking idifferent contexts

Givendifferencesbetween USA and Europe results, future research should consider the impact of c&umqiean
adolescents who appear to have a higher incidence of smoking initiation followdiggeette use than adolescents
in the USA.

Recent research hdeund that adolescent €igarette users, which are generally considered less susceptible and at
lower risk potentially, demonstrates the strongest association betweeigarette use and subsequent smoking

such as that reported by four of our included skesf? 3° 46 51 Consequently, we can see that this may result in a
generation of vapers and smokers who would otherwise not have ever used cigarsthesething which needs
careful consideration at a flic health level. That said, some authorenthe need to take a population health
approachwhen examining the potential impaqgtpinting outthat even ifthe gateway theorys true, there are such

low numbers of vapers among neuwgsers ofcigarettes that the aggregate risk is smadhd questioringwhether it is
ethical to restrict ecigarette use® % However, in reponse, Chapmaet al. warn that even if the numbersf e-
cigarette usersre currently lowthis may change in response to the industrgarketing efforts®> They sate:

ﬁ The public health test of the importance of this if it occurs will be the absolute
numbers involved. The current evidence about this issue is limited by the short time
frame of the introduction of ecigarettes into a market that hagther nicotinebased
products, to fully understand their effects on these products and their users. It is
also limited by the fast evolution oflejuids, and their delivery technology, as well
as the scarcity of evidence regarding the potential effectegtilations on the role
of these products in the marketplace for nicotine. Notwithstanding, the available
evidence provides an unequivocal cause for caution abenigarettes role as a
harm reduction product given the emerging evidence in support off thateway
potential for cigarette smokingP®%")

4.5.4 What is causing the association?

It is very clear that there isositiveassociation betweense of e-cigarettes andise ofcigarettes. However, there is

a need to better understand the roots of this associatias there a gateway, or a common liability hypothesisis

it explaired by the catalyst modebr combinations of these theori@Despitefierce debates on the merits of

different theories, no consensus has been reached on the most likely explanation. Future research should focus on
designing studies which specifically set out to test these theories (or elements thereof). It would beciaé fefi
future research to attempt to isol at einaededo testithpmand el
further our understanding of this associatiéh.
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Willset al. (2016) used structural equation modelling analysis to unpick social and cognitigesfan the

relationship between eigarette use and subsequent cigarette #s&hey found that tlere was no significant direct
effect of ecigaretteuseon subsequent smoking, with marijuana use and smoking expectancies accounting for much
of the variance, potentially supporting the common liability modt&dwever, others, such @&erryet al. (2019)
demonstrated thatpropensity for risk is unlikely to be the sole reason for initiation in this gateasgssociation

was especially pronounced in the levgk group and Easet al. used a causal mediation analysisstiggest that it is
primarily ever use of-gigarettes that contributes tothe initiation of cigarettesmoking®” *°Chapmaret al. report

that there is both discordance and disagreement in this field, with authors engaged in a debate as to whether the
gateway theoryapplies to ecigarette users who go on to initiate smoking cigaretiéd is possible to test, or if

there are other theories which would better explain the relationship betweargarette use and subsequent
smoking?

Unfortunately for policymakers, we need to conduct more research which attempts to unpick the specific social and
cognitive covariates which contribute (or drive) the relationship between-eigaretteuseand subsequent

smoking, such as thetructural equation modellingonducted by Will§2016).° In order for policymakers to make
decisions about the impact of@garettes, theyneedto understand whye-cigarettesare associated with smoking

We suggest exploring the association using both explorative quantitativeaaldative research approaches.

What do we know andvhat do weneed to do now?

We know that there is an association between usiAggarette andnitiating smoking cigarettes
among adolescenidut we need to:

I Understandwhat drives the associatiorr @elationship between eigarette and cigarettes

1 Explore the frequency and patterns of use afigarettes and explain their relationship
with subsequent smoking cigarette

1 Explore the role of €igarettes and illicit substance use

1 Examine wat works to educe ever ecigarette use for previously nevemokers

Conclusions

We found a fowfold association between ever usingcigarettes and initiating smoking tobacco cigarettes in
adolescents im combined analysis of nine cohort studies conducted with felipwperiods between 4 and 24
months.Sensitivity and subgroup analysis support the association between ever usiggrettes and initiating

smoking tobacco cigarettes. The study design usesbsess the relationship betweercgarette use and initiation

of cigarette smoking does not allow us to say there is a definitive causal relationship, but it does allow us to say that
the findings builds a case towards a causal relationship as tlimdjs are consistent across all studies included in

the meta-analysis. Furthermore, the strength of association is statistically significant across all primary research
studies in the metaanalysis. In addition, there use otearettes occurred before itiating smoking fulfilling the

criteria for a temporal relationship and two studies have examined the dose response relationship. Moreover, the
results of this systematic review are in line with the previous systematic reviews andamefigses. Whetherhiere

are other additional explanatory factors or not, we need to understand what drives the relationship between e
cigarette and tobacco cigarette use and if the effect is definitively causal. One author recommends large longitudinal
epidemiological studig which measure smoking onset, control for confounders, and include a propensity score
measure of liability to smoking. Other authors suggest exploring the association using qualitative research
approaches.

We identified three theories that attempt to explain the move from usirgjgarette use to smoking tobacco

cigarettes, and these aréhe gateway theorythe common liability theory, and the catalyst model. Jateway

theorywas developedo explaintheo b s er ved phenomenon of young peopl e’ s
stages and sequencesnd intimates that ecigarette use leads to conventional cigarette usee Tommon liability

theory states that there is an underlying common liability withgople which increases their propensity to use
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drugs and other illicit substancesd that the move from eigarettes to conventional cigarettes or other drugs is

part of their risk behaviour®kecently, however, some authors have proposed that the gatéiveyry and the

common liability theory are not, as some say, opposing, but rather are complementary. They state that use of drugs
in general will be explained by common factors, whereas specific factors will explain why young people use drugs in
a specift sequence. In a 2016 paper, two authors proposed an alternative model, the catalyst model, to explain the
path from ecigarette use to conventional cigarette use, considering numerous hypotheses and pathways. They
separate the process into two stages,frano consumption to €igarette consumption, and then fromagarette

use to conventional cigarette use. Factors such as flavour, health, price, role model, concealment, and acceptance
play a role in the first stage by easing the process of initiatioth@sappear healthier and more acceptable to

some, while the flavours attract others. In the second stage (i.e. the transition froigeeettes to cigarettes), the

authors hypothesise that addiction, accessibility, and experience may drive the subsegosnto conventional

cigarette useTwo factors which exist outside the model but are nevertheless influeatéthe [common]liability
hypothesisand the renormalisation [of smoking] hypothedBespite fierce debates on the merits of different

theories, no consensus has been reached on the most likely explanation. Future research should focus on designing
studies which specifically set out to test these theories (or elements thereof). It would be benefidiglLfer

research to attempt to isolateandn pi ck el ements of Schneider and Diehl’
cigarette initiation and subsequent cigarette use in order to further our understanding of this relationship.

The EU has developed regulations to addresigarette manufacture, msentation, and sales under tfi@bacco
Products Directive (2014/40/EUjeland are in the process of implementing the European regulations. A population
health approach, similar to that successfully used in Ireland to address tobacco, alcohol and gidyeltlvag issues
may need to be extended to tackle use otigarettes; a population health approach to psychoactive substances
usually involves addressing price, availability, and marketing to limit use among young and other vulnerable
populations.
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List of databases and resources used

Ovid Medline

Cochrane Library

Ovid Psyclnfo

Elsevier Embase

NHS NIHR PROSPERO

LILACS

Google Scholar

CORE.ac.uk

List of reviews and reports used for citation searching

Results from each database

=

©oNok~wWDN

Database Articles before Articles after de Duplicates excluded from eact
deduplication duplication database

Total 14676 6510 8166
Ovid Medline 3874 3690 184
Cochrane Central 527 274 253
Cochrane Systematic 14 12 2
Reviewdatabase

Psycinfo 1519 369 1150
Embase 4212 1391 2821
PROSPERO 93 93 0
LILACS 4042 558 3506
Google Scholar 200 43 157
CORE 192 80 112

1. Ovid Medline search strategy and results

Ovid Medline: Eeigarettes and heanot-burn products

Database Ovid MEDLINE(R) and Epub Ahead of PrisRrdgess & Other Nelmdexed Citations,
Daily and Versions(R) 1946 to April 12, 2019

Date of Search 15.04.2019

Age limits None used in theearch
Geographic None
limits

Language limits None used in the search

Date limits None, apart from the limits set by the invention otigarettes (2003}) andheat-not-
burn productgapproximately 1988 in their current forms)

Study types Exclude animlamodels, cell lines

Publication Exclude commentary, editorials, replies. Letters are not outright excluded as researct

types letters are in scope.
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Concept Search Search term Results

number
E-cigarettes 1 Vaping/ 291
2 Electronic Nicotin®elivery Systems/ 2293
3 "Nebulizers and Vaporizers"/ and (nicotine or tobacco).mp. 155
4 e-cig$.mp. 3087
5 Ecig$.mp. 80
6 (Vape or vaping or vaper or vapers).mp. 853
7 (Vapori#e$ adj3 (cigarette$ or nicotine)).mp. 77
8 ((electric orelectronic) adj2 (cig$ or nicotine or tobacco or 3496
smoking)).mp.
9 (e-sigaret$ or "esigarett$" or een sigaret$ orHgarette$ or 55
"cigarette$ électronique$"” or "L'eigarette” or vapoteuse$ or
"cigarrill$ electrénico$" or sigarett$ elettronic$ or aigtt$
elettronik$ or sigarett$ elettroniche$ or elektronik$ sigar$ er ¢
savuke$ or @okok$ or rokok$ elektronik$ or-papieros$ or e
ugwayi).mp.
10 (mods adj5 (tobacco or nicotine)).mp. 2
11 Juul$.mp. 40
12 (e-juice$ ore-liquid$).mp. 392
13 (ciga-like$ or cigalike$ or cigike$).mp. 36
14 (e-hookah$ or electronic hookah$ or "hookah pens").mp. 19
15 (ENNDS or electronic nancotine delivery).mp.
16 ((NMNDS and nicotin$) or namedicinal nicotinelelivery 0
system$).mp.
17 or/1-16 4520
Heat-not-burn 18 (Heated tobacco product$ or tobacco heating product$ or 118
products tobacco heating system$).mp.
19 ("heat-not-burn” or "heat not burn" or "heat notburn" or 83
"heatnot burn”).mp.
20 (Heatsticks or heasticks or tobacco sticks or Neosticks).mp. 13
21 ((HEETS or Fiit or glo) adj3 (tobacco or nicotine or smok$)).n 2
22 (IQOS or iFuse or Ploom).mp. 70
23 (electricallyheated smoking system and (nicotin$ or 1
tobacco$)).mp.
24 (Vapotage or "tabac chauffé" or "verhitte tabak" or "riscaldatac 11
di tabacco" or "tabacco riscaldato" or "erhitzter Tabak" or
"verhit tabak" or "zahftaty
"oppvarmet tobakk" or "uppvarmd tobak" dkuumutatud
tubakas" or "pinainit na tabako" or "lammitetty tupakka" or
"shan taba mai tsanani " or
or "tembakau di panaskan" or
yang di panaskan" or "te taa
tfabaco aquecido" or "Tncal zi
"ogrevani tobak" or "tabaco
"ugwayi ovuthayo" or "thudc
25 or/18-24 218
Ecigarettes or 26 17 or 25 4645
heat-not-burn
products
Basicanimal 27 animals/ not humans.sh. 4536484
and CE" studies 28 exp animals, laboratory/ or exp Animal experimentation/ or e) 1563266
searc

Models, animal/ or Disease Models, Animal/ or exp Animal
Diseases/
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29 (animal adj2 (model$ or stud$ experiment$ or 231870
laboratory)).ti,ab,kf.

30 (Cat or cats or feline or dog or dogs or canine or rat or rats or 3615741
Wistar or Spragu®awley or rodent$ or mouse or mice or
murine or zebrafish or fish or chicken$ or horse$ or rabbit$ ol
"C. elegans" ocaenorhabditis elegans or nematod$ or Xenopi
or bird or birds or reptil$ or livestock or larva$).ti,ab,kf.

31 exp In Vitro Techniques/ or exp Biological Assays/ or exp cell 4144439
cultured/ or exp clinical laboratory techniques/ or Chemistry
techniques, analytical/ or chemistry techniques, synthetic/

32 ("in vitro" or biological assay$ or cell culture or cultured cells ' 1414252
cell lines or cell transformation assay$).ti,ab,kf.
33 27 or 28 or 29 or 30 or 31 or 32 8519746
(Ecigarettes or 34 26 not 33 4284
heat-not-burn
productg NOT
cell or animal
studies
Publication type 35 (comment or editorial or note).pt. 1105825
36 (reply or commentary or comment or editorial).ti. 135049
37 35 or 36 1158642
(((ecigarettes 38 34 not 37 3874
or heat-not-
burn
producty NOT
cell or animal
studies) NOT
letters,
commentary)

2. Cochrane Systematic Reviews and Cochrane Central search strategy and

results
Cochrane Library:-&igarettes and HeatNotBurn devices

Database John Wiley & Sons Cochrane Library
Date of Search  15.04.2019

Age limits None used in the search
Geographic None
limits

Language limits None used in the search

Date limits None, apart from the limits set by the inventionetigarettes (20031) and HeatNotBurn
(approximately 1988 in their current forms)
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Concept

E
cigarettes

Heat-not-
burn
products

E
cigarettes
ORheat-
not-burn
products

Search
number
#1

#2

#3
#4
#5
#6
#7
#8
#9

#10

#11

#12
#13
#14
#15
#16

#17
#18
#19
#20

#21
#22

#24

#25
#26

#27
#28

#29
#30

Search terms

MeSH descriptor: [Vaping] explode all trees

MeSH descriptor: [Electronic Nicotine Delivegstems] explode all
trees

MeSH descriptor: [Nebulizers and Vaporizers] explode all trees
((nicotine OR tobacco)):ti,ab,kw

#3 AND #4

(e-cig®):ti,ab,kw

(ecig®):ti,ab,kw

((vape OR vaping OR vaper ¥@Rers)):ti,ab,kw

(((vaporise OR vaporised OR vaporiser OR vaporize OR vaporized
vaporizer) NEAR/3 (cigarette* OR nicotine))):ti,ab,kw

(((electric or electronic) NEAR/2 (nicotine or tobacco or smoking or
cig*))):ti,ab,kw

((e-sigaret* OR "esigarett*" OR Eigarette* OR "cigarette*
électronique*" OR "L'eigarette" OR vapoteuse* OR "cigarrill*
electronico*" OR sigarett* elettronic* OR sigarett* elettronik* OR
sigarett* elettroniche* OR elektronik* sigar* ORsavuke* OR -®okok*
OR rokok* elektronik* OR-papieros* OR @igwayi)):ti,ab,kw

((mods NEAR/5 (nicotine OR tobacco))):ti,ab,kw

(Juul*):ti,ab,kw

(e-juic* OR diquid*®):ti,ab,kw

((ciga-like* OR cigalike* OBigalike*)):ti,ab,kw

(e-hookah* OR "electronic hookah" OR "electronic hookahs" OR
"hookah pen" OR "hookah pens"):ti,ab,kw

(ENNDS OR "electronic naitotine delivery"):ti,ab,kw

((NMNDS AND nicotin®)):ti,ab,kw

(non-medicinal nicotine delivery system*):ti,ab,kw

#1 OR #2 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #
#13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19

("heated tobacco" OR "tobacco heating"):ti,ab,kw

(Heated tobacco product* OR tobacco heating product* OR tobaccao
heating system*):ti,ab,kw

("heat-not-burn” OR "heat not burn" OR "heat notburn" OR "heatnot
burn" OR "heatnotburn”):ti,ab,kw

(Heatsticks OR hesticks OR "heatticks" OR tobacco sticks OR
Neosticks):ti,ab,kw

(IQOS or iFuse or Ploom):ti,ab,kw

((Vapotage OR "tabac chauffé" OR "verhitte tabak" OR "riscaldatori
tabacco" OR "tabacco riscaldato” OR "erhitzter Tabak" OR "verhit

t abak" ORbaK' DR 'ogvarmeytobaka OR "oppvarmet
tobakk" OR "uppvarmd tobak" OR "kuumutatud tubakas" OR "pinair
na tabako" OR "lAmmitetty tupakka" OR "shan taba mai tsanani" OF
"hitad tobak" OR "apsildama ta
"§il domas tembbhkakyang dipaaskan” OR "te taakapa”
OR "podgrzewany tytohn" OR "tab
"zahriaty tabak" OR "ogrevani
tatan" OR "ugwayi ovut hayo" OR
((HEETSr Fiit or glo) NEAR/3 (tobacco or nicotine or smok*)):ti,ab,k\
(("electricallyheated smoking system" AND (nicotin* OR
tobacco*))):ti,ab,kw

#21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28

#20 OR #29

Results

10
72

2218
10856
31
309
309
66

18

321

9

N

1
1

103

541

(of which
14
reviews,
527
central)
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3. Ovid PsyclInfeearch strategy and results

Ovid Medline: Eeigarettes and HeatNotBurn devices

Database
Date of Search

Age limits

Geographic limits

Language limits

Date limits

Study types

Publication types

Ovid PsyclInfo
15.04.2019

None used in theearch

None

None used in the search

None, apart from the limits set by the invention otigarettes (2003!) and HeatNotBurn

(approximately 1988 in their current forms)

NOTE: did natemove animal or publication type items from Psycinfo as after testing, very fewn

animal studies, and publication types filter removed useful items also.

Exclude commentary, editorials, replies. Letters are not outright excluded as cbdetters are in

scope.

Concept  Search
number

E 1
cigarettes 2

3

® N o g A

Heat- 17
not-

burn 18
products

exp Electronic cigarettes/
((Nebulizer$ or Vaporizer$) adj5 (nicotine or tobacco)).mp.

e-cig$.mp.
Ecig$.mp.

(Vape or vaping or vaper gapers).mp.
(Vapori#e$ adj3 (cigarette$ or nicotine)).mp.
((electric or electronic) adj2 (cig$ or nicotine or tobacco or smoking)).mp.

(e-sigaret$ or "esigarett$" or een sigaret$ orHgarette$ or “cigarette$
électronique$" or “L'ecigarette” or vapoteuse$ or “cigarrill$ electrénico$” ¢
sigarett$ elettronic$ or sigarett$ elettronik$ or sigarett$ elettroniche$ or
elektronik$ sigar$ or-savuke$ or eokok$ or rokok$ elektronik$ or-e
papieros$ or eugwayi).mp.

(mods adj5 (tobacco or nicotine)).mp.

Juul$.mp.

(e-juice$ or eliquid$).mp.

(ciga-like$ or cigalike$ or cigigke$).mp.

(e-hookah$ or electronic hookah$ or "hookah pens").mp.

(ENNDS or electronion-nicotine delivery).mp.

((NMNDS and nicotin$) or nemedicinal nicotine delivery system$).mp.

or/1-15

(Heated tobacco product$ or tobacco heating product$ or tobacco heatin

system$).mp.

("heat-not-burn” or "heat not burn" or "heat notburn" or "heatnot

burn").mp.

(Heatsticks or heasticks or tobacco sticks or Neosticks).mp.
((HEETS or Fiit or glo) adj3 (tobacco or nicotine or smok$)).mp.
(IQOS or iFuse éloom).mp.

(electricallyheated smoking system and (nicotin$ or tobacco$)).mp.

(Vapotage or "tabac chauffé" or "verhitte tabak" or "riscaldatori di tabaccc
riscaldato”
tabak" or "opvarmet tobak" or "oppvarmet tobakk" or "uppvarmd tobak" o
"tabaco aquecido” or "kuumutatlitubakas" or "pinainit na tabako" or
"lammitetty tupakka" or "shan taba mai tsanani" or "hitad tobak" or

or

Search terms

tabacco

REIS

1215

N O o O N



"apsildama tabaka" or "tembakau
"tembakau yang di panaskan" or "t ¢
"tabacoaque i do" or "Tncalzit tutunul™
tobak" or "tabaco caliente" or "I
"thudc | & nédng" ). mp.
24 or/17-23 20
E 25 16 or 24 1518
cigarettes
ORheat-
not-
burn
products

4. Elsevier Embassearch strategy and results
Elsevier Embase:digarettes and HeatNotBurn devices

Database Elsevier Embase
Date of Search 15.04.2019

Age limits None used in the search
Geographic None
limits

Language limits None used in the search

Date limits None, apart from the limits set by the invention otigarettes (2003}) and HeatNotBurn
(approximately 1988 in their current forms)
Study types Exclude animal models, cell lines
Publication Exclude commentary, editorials, replies. Letters areqtight excluded as research letters are in
types scope.
Concept Search Search terms Results
number
Ecigarettes #1 ‘vaping'/exp OR 'vaping’ 1,014
#2 ‘electronic cigarette'/exp 4,468
#3 ‘e cig*:ti,ab,kw 3,604
#4 ecig*:ti,ab,kw 212
#5 vape:ti,ab,kw OR vaping:ti,ab,kw OR vaper:ti,ab,kw OR vapers:tia 803
#6 vapori?e$ NEAR/3 (cigarette* OR nicotine) 79
#7 ((electric OR electronic) NEAR/2 (cig* OR nicotine OR tobacco OF 3,046

smoking)):ti,ab,kw

#8 'e sigaret*:ti,ab,kw OR 'e sigarett*:ti,ab,kw OR ‘e zigarette*:ti,ab,k 9
OR 'cigarette* électronique*"ti,ab,kw OR 'l e cigarette"ti,ab,kw OR
vapoteuse*:ti,ab,kw OR 'cigarrill* electronico*"ti,ab,kw OR 'sigarett
elettronic*":ti,ab,kw OR 'sigarett* eltronik*':ti,ab,kw OR 'sigarett*
elettroniche*:ti,ab,kw OR 'elektronik* sigar*'ti,ab,kw OR ‘e
savuke*':ti,ab,kw OR 'e rokok*':ti,ab,kw OR ‘rokok*
elektronik*':ti,ab,kw OR 'e papieros*"ti,ab,kw OR 'e ugwayi':ti,ab,kv

#9 (mods NEARY/5 (tobacco ORatin* OR smoking OR 2
cigarette)):ti,ab,kw

#10 juul*ti,ab,kw 42

#11 ‘e juice*":ti,ab,kw OR ‘e liquid*':ti,ab,kw 548
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Hurn
products

E-cigarettes
ORheat-
not-burn
products

Animal, in
vitro or cell
line studies

59

#12

#13

#14
#15

#17
#18

#19

#20

#21
#22

#23

#24
#25

#26

#27
#28

#29

#30

#31

‘cig-a-like*:ti,ab,kw OR 'cigalike*":ti,ab,kw OR 'citike*":ti,ab,kw OR
‘cig-alike":ti,ab,kw

‘e hookah*':ti,ab,kw OR ‘electronic hookah*":ti,ab,kw OR ‘electric
hookah*":ti,ab,kw OR 'hookah pen*'ti,ab,kw ORskisha':ti,ab,kw OR
‘electronic $isha':ti,ab,kw OR 'electric shisha':ti,ab,kw

‘ennds':ti,ab,kw OR 'electronic namicotine delivery'ti,ab,kw
nmnds:ti,ab,kw AND nicotine:ti,ab,kw

#16 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 O
#11 OR #12 OR #13 OR #14 OR #15

'heated tobacco':ti,ab,kw OR 'tobacco heating':ti,ab,kw

'heat-not-burn”:ti,ab,kw OR 'heat not burn':ti,ab,kw OR 'heat
notburn':ti,ab,kw OR ‘heatnot burn'ti,ab,kw

'heatsticks':ti,ab,kw OR 'heatstick':ti,ab,kw OR 'hstitk’:ti,ab,kw OR
'heat-sticks':ti,ab,kw OR 'tobacco sticks':ti,ab,kw OR 'tobacco
stick':ti,ab,kw OR 'neostick':ti,ab,kw OR neosticks:ti,ab,kw

((heets OR fiit OR glo OR ifuse) NEAR/3 (tobacco OR nicotine OR
smok?*)):ti,ab,kw

iqos:ti,ab,kw OR ploom:ti,ab,kw

‘electricallyheated smoking system':ti,ab,kw AND (nicotin*:ti,ab,kw
OR tobacco*:ti,ab,kw)

vapotage:ti,ab,kw OR 'tabac chauffé':ti,ab,kw OR 'verhitte
tabak":ti,ab,kw OR 'riscaldatori di tabacco':ti,ab,kw OR 'tabacco
riscaldato’:ti,ab,kw OR 'erhitzr tabak':ti,ab,kw OR 'verhit
tabak':ti,ab,kw OR '"zahtaty te
tobak':ti,ab,kw OR 'oppvarmet tobakk':ti,ab,kw OR 'uppvarmd
tobak':ti,ab,kw OR 'kuumutatud tubakas':ti,ab,kw OR 'pinainit na
tabako':ti,ab,kw OR 'lammitetty tupakka;db,kw OR 'shan taba mai
tsanani ' :ti,ab, kw OR 'hitado t¢
tabaka':ti,ab, kw OR 'tembakau
tabakas':ti,ab,kw OR 'tembakau yang dipanaskan'ti,ab,kw OR 'te
taakapa':ti,ab, kw OkwOR'tabdapr z ev

aquecido'" :ti,ab,kw OR "Tncal zi
tabak':ti,ab,kw OR 'ogrevani tobak':ti,ab,kw OR 'tabaco
caliente' :ti,ab, kw OR "1 si1ti1ln

ovuthayo':ti,ab,kw OR 'thic 14 néng':ti,ab,kw
#17 AR #18 OR #19 OR #20 OR #21 OR #22 OR #23
#16 OR #24

‘animal'/exp NOT ‘human'/exp

‘experimental animal'/exp

‘animal experiment'/exp

‘nonhuman’/exp

‘animal model'/exp

‘animal tissue, cells or cell components'/exp

86

17

6
0
5,675

183
104

17

55

263
5,850

5,227,7
28

623,633

2,359,9
62

5,756,9
36

1,244,8
03

3,618,5
29



(Ecigarettes
ORheat-
not-burn
producty
NOT animal,
in vitro or
Cell lines

Editorials,
replies,
commentari
es

(E
cigarettes
OR HnB)
NOT animal,
in vitro or
Cell lines)
NOT
Editorials,
replies,
commentari
es

60

#32
#33

#34

#35

#36
#37

#38

#39

#40

#41

#43

#44
#45
#46
#47
#48

#49

‘veterinary clinical trial'/exp

animal NEAR/2 (model* OR stud* OR experiment* OR laboratory)

cat:ti,ab,kw OR cats:ti,ab,kw OR feline:ti,ab,kw OR dog:ti,ab,kw OF
dogs:ti,ab,kw OR canine:ti,ab,kw OR rat:ti,ab,kw OR rats:ti,ab,kw (
wistar:ti,ab,kw OR 'sprague dawley'"ti,&y OR rodent*:ti,ab,kw OR
mouse:ti,ab,kw OR mice:ti,ab,kw OR murine:ti,ab,kw OR
zebrafish:ti,ab,kw OR fish:ti,ab,kw OR chicken*:ti,ab,kw OR
horse*:ti,ab,kw OR rabbit*:ti,ab,kw OR 'c. elegans':ti,ab,kw OR
‘caenorhabditis elegans':ti,ab,kw OR nematod*:tiJakh OR
xenopus:ti,ab,kw OR bird:ti,ab,kw OR birds:ti,ab,kw OR reptil*:ti,ak
OR livestock:ti,ab,kw OR larva*:ti,ab,kw

'human tissue, cells or cell components'/exp

'bioassay'/exp

'in vitro study'/exp

'in vitro"ti,ab,kw OR 'biological assay*"ti,ab,kw OR 'cell
culture':ti,ab,kw OR 'cultured cells":ti,ab,kw OR 'cell lines":ti,ab,kw C
‘cell transformation assay*":ti,ab,kw

#26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR
#35 OR #36 OR #37 OR #38

#25 NOT #39

‘editorial'/exp
#42 'note'lexp
(‘editorial'/it OR 'note’/it) AND ([editorial)/lim OR [note]/lim)

reply"ti
commentary:ti
editorialti
note:ti

#41 OR #42 OR #43 OR #44 OR #45 OR #46 OR #47

#40 NOT #48

2

2,716,1
11

4,327,8
95

2,434,6
43

250,786

5,605,0
74

1,769,3
94

11,508,
677

4,844

603,392
706,258

1,337,1
86

77,815
51,142
72,014
28,805

1,506,9
14

4,212



5. NHS NIHR PROSPERO
NHS NIHR PROSPER@&ettes ancheat-not-burn products

Database NHS NIHR PROSPERs://www.crd.york.ac.uk/prospero/#searchadvanced

Date of Search 15.04.2019

Note “All statusreviews, All fieldsused
Age limits None used in the search
Geographic None

limits

Language limits None used in the search

Date limits None, apart from the limits set by the invention otigarettes (2003}) and HeatNotBurn
(approximately 1988 in their current forms)

Study types None

Publication None
types
Concept ST RE I
Ecigarettes e-cig*
#2 ecig* 3
#3 MeSH DESCRIPTOR Vaping EXPLODE ALL * 6
#4 e-juic* 2
#5 e-liquid* 4
#6 ciga-like OR cigalike OR €tike OR cigéike 0
#7 e-hookah 5
#8 juul 26
#9 vape 11
#10 vaping 22
#11 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 1 92
OR #9 OR #10
HnB #12 "heated tobacco" OR "tobacco heating"
#13 "heat-not-burn” OR "heat not burn" OR "heat
notburn" OR "heatnot burn"
#14 heatsticks OR "heatticks" OR "tobacco sticks" 0
OR neosticks
#15 igos OR ploom OR iFuse
#16 "electrically heated smoking system" AND
tobacco
#17 #16 OR #15 OR #OR #13 OR #12 4
Ecigarettes OReat-not- #18 #17 OR #11 93

burn products
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https://www.crd.york.ac.uk/prospero/#searchadvanced

6. LILACS (Latin American and Caribbean Health Sciences Literature)

Database

Date of Search
Age limits
Geographic
limits

Language limits

Datelimits

Study types

Publication
types

Search number
1

LILACS:-&igarettes ancheat-not-burn productsdevices

LILACS (Including databases: (LILESS, CUMED, BDENRIrsing,BBO- Dentistry,
WHO IRIS2AHAIRIS, Index Psycholog$cientific journals, MedCarib)

15.04.2019
None used in the search

None

None used in the search

None, apart from the limits set by the invention otigarettes (2003}) and HeatNotBurn
(approximately 1988 in their current forms)

Exclude animal models, cell lines

Exclude commentary, editorials, replies. Lettars not outright excluded as research
letters are in scope.

SEEUREIINS Search results
(tw:(("Ecigarette"OR"€ i gar et t es" OF
“ecigarettes” OR vaping
nicotine" OR "cig-like" OR'e-hookah" OR "Hiquid" OR
"E-juice") ))

“cigarrillo electrdénico”

“@€igarrocsi'"gaOR 0e OR "ci g

OR "cigarettes -l gatebne

sigaret” OR “si g‘asriegtatrae tel

el ettroniche”

"heated tobacco" OR "tobacco heating" OR "heat-

burn" OR "heat not burn" OR IQOS OR heatsticks OR

"heat-sticks" OR "tobacco sticks"

Vapotage OR "tabac chauffé" OR "verhitte tabak" OR

"riscaldatori di tabacco" ORabacco riscaldato” OR

"erhitzter Tabak" OR "verwarmde tabak" OR "tabaco

aquecido”
Database results Show in
graphical form:

total n=4061
MEDLINE (4019)

IBECS (21)

LILACS (14)

DeCS Descriptors in Health
Sciences (2)

WHO IRI®)

BRISA/RedTESA (1)

LIS-Health Information
Locator (1)

PAHQIRIS (1)
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7. Google scholar

Google Scholar:-€igarettes ancheat-not-burn products

Search Engine  Google Scholar on Firefox 66
and Browser

Date of Search 15.04.2019

Note Due to the simple search interface, reduced searches were used for the two researct
concepts. Limitation of using Google Scholar include limited search faceting and the
unknown algorithm sorting the results.

Age limits None used in the search
Geographic None
limits

Language limits None used in the search

Date limits None, apart from the limits set by the invention otigarettes (2003!) andheat-not-
burn productgapproximately 1988 in their current forms)

Study types Exclude animal models, cellém

Publication Excluded patents

types

Concept Search terms Results Results considered

Ecigarettes (Ecigarette OR ecigarette OR Vape Ol About 28,700 results First 100 results (first
Vaping OR Vaper OHuice OR diquid  (0.56 sec) 10pages of results)
OR ehookah)

heat-not- "heated tobacco" OR "tobacco heating About 4,140 results (0.34 First 100 results (first

burn OR "heatot-burn” OR "heat not burn" sec) 10 pages ofesults)

products OR "IQOS" OR "heatsticks" OR "heat
sticks" OR "tobacco sticks"

8. CORE.ac.uk

CORE.ac.ukdigarettes ancheat-not-burn products
Repository CORE.ac.uk (The Open University 438G J
Date of Search  15.04.2019

Note Due to the simple search interface, reduced searches were used. Search terms were
limited to ecigarette and vaping terms.

Age limits None used in the search

Geographic None

limits

Language limits None used in the search.

Date limits None

Study types None excluded in the search

Publication None excluded in the search

types

Search terms Results Selected After deduplication



title:((Ecigarette OR Over 2 million results First 100 (default sorting: 100

ecigarette OR Vape OR relevance)

Vaping OR Vaper))

title:(("heat-not-burn" 158 100 (default sorting: 92
OR "tobacco heating" Of relevance)

"heated tobacco" OR
"heat not burn" OR 1QO¢
OR heatnotburn)

9. List of reviews and reports used for citation searching in supplemental

searches
Reviews

1. El Dib RSuzumura EA, Akl EA, ef@Electronic nicotine delivery sgsns and/or electronic nomicotine
delivery systems for tobacco smoking cessation or reduction: A systematic review andmagtsis.
BMJ Operr017;7(2):e012680. doi: 10.1136/bmjop@016012680 [published Online First: 23 Feb
2017]

2. Evans SE, Hoffma&€78 Electronic cigarettes: Abuse liability, topography and subjective eff€ots Control
2014;23 Suppl 2:ii29. doi: 10.1136/tobaccocontre?013051489 [published Online First: 14 Apr
2014]

3. Glasser A, Abudayyeh H, Cantrell J, &Rdtterns of ecigarette use among youth and young adults: Review
of the impact of ecigarettes on cigarette smokinijlicotine Tob Re2019;21(10):132480. doi:
10.1093/ntr/nty103 [pwblished Online First: 17 May 2018]

4. Glasser AM, Collins L, Pearson JL,’8Qalerview of electronic nicotine dekry systems: A systematic
review.Am J Prev Med017;52(2):e3366. doi: 10.1016/j.amepre.2016.10.036 [published Online
First: 30 Nov 2015]

5. HartmanrBoyce J, McRobbie H, Bullen C, &? &llectronic cigarettes for smoking cessati@ochrane
Database Syst R&016;9:Cd010216. doi: 10.1002/14651858.CD010216.pub3 [published Online First:
13 Sep 2016]

6. Kalkhoran S, Glantz $4=cigarettes and smoking cessation in realrld and clinical settings: A systematic
review and metaanalysisLancet Respir Me2016;4(2):11628. doi: 10.1016/s2212600(15)00524
[published Online First: 14 Jan &)1

7. Khoudigian S, Devji T, Lytvyn L, ét @he efficacy and shoterm effects of electronic cigarettes as a method
for smoking cessation: A systematic review and a ragtalysisint J Public HealtR016;61(2):25%67.
doi: 10.1007/s0003®16-0786-z [published Online First: 29 Jan 2016]

8. KnightWest O, Bullen & Ecigarettes for the manageent of nicotine addictionSubst Abuse Rehabil
2016;7:1118. doi: 10.2147/sar.S94264 [published Online First: 18 Aug 2016]

9. Liu X, Lu W, Liao S, et4Efficiency and adverse events of electronic cigarettes: A systematic review and
metaanalysis (PRISM#ompliant article)Medicine (Baltimore2018;97(19):e0324. doi:
10.1097/md.0000000000010324 [published Online First: 11 May 2018]

10. Livingston CJ, Freeman RJ, Costales VCG? &edtronic nicotine delivery systems ccigarettes: American
College oPreventive Medicine's practice statemetn J Prev Med019;56(1):16778. doi:
10.1016/j.amepre.2018.09.010 [published Online First: 17 Dec 2018]

11. Malas M, van der Tempel J, Schwartz R, &tEéctronic cigarettes for smoking cessation: A systematic
review.Nicotine Tob Re2016;18(10):19266. doi: 10.109/ntr/ntw119 [published Online First: 25
Apr 2016]

12. O'Leary R, MacDonald M, Stockwell T, & @learing the air: A systematic review on the harms and benefits
of e-cigarettes and vapour devices Victoria, Canada: Canadian Institute for Substance Use Research,
University of Victoria, 2017.

13. Rahman MA, Hann N, Wilson Aak¥ Ecigarettes and smoking cessation: Evidence from a systematic
review and metaanalysisPloS On@015;10(3):e0122544. doi: 10.1371/journal.pone.0122544
[published Online First: 30 Mar 2015]

Reports

1. Bals R, Boyd J, Esposito S, & HRlectronic cigarettes: A task force report from the European Respiratory
Society Eur RespJ019;53(2):1801151. doi: 10.1183/13993003.01-PR18 [published Online First: 31
Jan 2019]

2. Health Information and Quality Authority, (HIGRAHealth technology assessment (HTA) of simpkessation
interventions Dublin, Ireland: Health Information and Quality Authority (HIQA); 2017 [Available from:
https://www.hiqa.ie/sites/default/files/201704/Smoking%20Cessation%20HTA.pdf.
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3. McNeill A, Brose L, Calder R, ét &vidence review of-eigarettes and heated tobacco products 2018. A
report commissioned by Public Health England LondoraBdgPublic Health England; 2018
[Available from: https://www.gov.uk/government/publicationsfeigarettesand-heatedtobacce
productsevidencereview.

4. National Academies of Sciences, Engineering, Medi€iRablic health consequences otmarettes.
Washington DC, USA: The National Academies Press; 2018 [774pp]. Available from:
https://dx.doi.org/10.17226/24952

5. Wells C, Farrah®RElectronic cigarettefor the reduction or cessation of smoking: clinical utility, safety, and
guidelines [Rapid Response]. Ottowa, Canada: Canadian Agency for Drugs and Technologes in Health
(CADTH); 2017 [Available from: https://www.cadth.ca/electresigarettesreduction-or-cessation
smokingclinicatutility-safetyand-guidelines0.
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LILIS ViR AVEdzE £ A (el 2 28 SR SNB & dzf
Was the research question or objective in this paper clearly stated?

Was the study population clearly specified and defined?

Was the participation rate of eligible persons at least 50%?

Were all the subjects selected or recruited from the same or similar populations (including the
same time period)? Were inclusion and esibn criteria for being in the study prespecified and
applied uniformly to all participants?

Was a sample size justification, power description, or variance and effect estimates provided?

For the analyses in this paper, were the exposure(s) of intenestsured prior to the outcome(s)
being measured?

Was the timeframe sufficient so that one could reasonably expect to see an association between
exposure and outcome if it existed?

For exposures that can vary in amount or level, did the study examirezatifflevels of the
exposure as related to the outcome (e.g., categories of exposure, or exposure measured as
continuous variable)?

Were the exposure measures (independent variables) clearly defined, valid, reliable, and
implemented consistently acrosd atudy participants?

Was the exposure(s) assessed more than once over time?

Were the outcome measures (dependent variables) clearly defined, valid, reliable, and
implemented consistently across all study participants?

Were the outcome assessors blindedthe exposure status of participants?
Was loss to followup after baseline 20% or less?

Were key potential confounding variables measured and adjusted statistically for their impact on
the relationship between exposure(s) and outcome(s)?

a



Quality assessment

Study ID

Aleyan 2018

Hammond
20170

Barrington
Trimis 20188

Barrington
Trimis 2018Pf

Barrington
Trimis 201&*

Berry 20197
Watkins
2018%

Conrer 2018°

East 201®
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QA1 QA2 QA3
Y Y Y

Y Y Y

Y Y CD
Y Y (no mearage) NR
Y Y Y

Y Y Y

Y Y Y

Y Y CD
Y Y N

QA4

CD

QA5

NR

N [Variance cannot
be used as this is a

convenience
sample]

N [Variance cannot
be used asttis is

includes a
convenience
sample]

NR

N [Justification for
matched casg not
provided- sample

size restricted
inappropriately]

Y

Y

N [Variance cannot
be used as this &
sample of controls

in an RCT]

N-this was a non NR [Variance

probability sample cannot be used as

QA6 QA7
Y Y
Y Y
Y cD
Y Y
Y Y
Y Y
Y Y
Y
Y Y

QA8

N

QA9

Y

QAl0 QAll QA12
N Y N/A (selfreport)
N Y N/A (selfreport)

Y Y
N Y
Y (but not
reported)

Y (but not
reported)

N Y
N Y
Y Y

N/A (selfreport)

N/A (selfreport)

N/a (self report)

N/A (selfreport)

N/A (selfreport)

N/A (selfreport)

N/A (self report)

QA13 QAl4
N N/A

N Partial
N N

N N/a

N Partial
Y Y

Y Y

N Y

N Y



- quotas set by this is a quota
age gender, GOR sample]

N [Variance cannot

Leventhal be used as this is a
?
20153 Y Y Y Y convenience Y Y N Y Y Y N/A (selfreport) Y Y
sample]
N [Variance cannot
Leventhal beused as this is a
20162 Y Y Y Y convenience Y Y Y Y N Y N/A (selfreport) Y Y
sample]
Lozano 2017 Y Y Y Y Y Y Y N Y N Y N/A (selfreport) N Y
Miech 20171 Y Y Y Y Y Y Y N Y N Y N/A (selfreport) N Partial
g"g{gﬁ”“em Y Y y Y Y Y Y N Y N Y N/A (self report) Y Partial
Spindle 201 Y Y Y Y Y Y Y N Y Y Y N/A (selfreport) N Y
N (schools
Y [but not .
Treur 2018* Y N ratherthan CD Y Y Y Y Y Y N/A (selfreport) N Partial
reported]
persons)
wills 20165 Y Y Y Y Y y v N vy Ybutnot N/A (seltreport) N Y
reported]
Wills 20174 Y Y Y Y Y y v N vy  Ylbutnot NJA (selfreport) N Partial
reported]
Wills 201787 Y Y Y Y Y Y Y Y Y Y Y N/A (selfreport) N Partial
Best 20188 Y Y Y Y Y Y Y Y Y N Y NA (seHreport) N Y
g(')”lgg“e” Y Partial Y Y Y Y YIY Y Y Y Y N/A (selfreport) N Partial
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Feasibility analysis

69

1. Collapsed duplicates14 unique studies
2. Separated studies by outcome and exposure

a. Will look at ever smoked (outcome) and ever trzdigarette at baseline
(exposure) as there is data to look at this
b. Chose studies that report AOR
Chose studies with longest follow up period
d. Cannot look at past 30 day use of smoking as only Watkins/Spindle have complete
data andhave had to correcTabk 2 inSpindle2017843
Separated studies by length of follow up period
a. Decided to include all time lengths as could not find evidence suggesting when
effect should haveéaken place
b. Will do subgroup analyses
Cannot separate studies bycggarette type as information is not available
a. Will do subgroup of pre/post 2014s this is the point at which-eigarette use
rapidly increased in US.
Separated studies by way measured
a. Can calculate ORs for most
b. Can only use those with AOR in main analyses (n=10)
All together will use 9Barringtorr Trimis(2016) Berry(2019) Conrer (2018) East(2018)
Leventhal2015) Spindlg2017) Treur(2018) Wills(2017b) Best(2018) 3437394033 43 44 47 48

o



Meta-analysis results

Unadjusted metaanalysis: ever eigarette use

EverEcig NeverECig Weight Weight
Study Events Total Events Total Odds Ratio OR 95%=Cl (fixed) (random)
Barrington-Trimis 2016 59 146 16 152 —— 576 [3.12: 10.66] 6.4% 8.9%
Berry 2019 108 527 201 5290 - 6.53 [5.06; 8.41] 19.7% 17.2%
Conner 2018 118 343 124 1383 - 5.32 [3.99; 7.11] 22.0% 16.3%
East 2018 11 21 74 902 ——————— 1231 [5.06;29.94] 1.1% 5.4%
Leventhal 2015 17 222 74 2240 —@— 243 [1.41; 4.19] 8.4% 10.2%
Spindle 2017 45 153 230 2163 —— 3.50 [2.41; 5.09] 14.6% 14.1%
Wills 2017b 42 215 50 926 —a— 4.25 [2.74; 6.61] 10.3% 12.4%
Best 2018 74 183 249 1942 —— 462 [3.34; 6.38] 17.4% 15.4%
Fixed effect model 1810 14998 -> 4.92 [4.31; 5.62] 100.0% -
Random effects model - 4.81 [3.79; 6.12] - 100.0%

Heterogeneity: 12 = 64%, © = 0.0704, p < 0.01 !
1 35

Sensitivity: only 3domain covariate adjusted studies retained

Weight Weight
Study Odds Ratio OR 95%=Cl (fixed) (random)

Berry 2019 4.09 [2.97; 5.83] 32.2% 22.0%
Conner 2018 4.06 [2.94; 560] 31.8% 22.0%
East 2018 s 10,57 [3.33;33.52] 2.5% 7.1%
Leventhal 2015 ‘ 1.75 [1.10; 2.78] 15.5% 18.5%

Spindle 2017 : 337 [1.91: 5.94] 10.2%  16.0%
Best 2018 : 597 [3.12: 11.41] 7.9%  14.3%
Fixed effect model - 3.70 [3.09; 4.44] 100.0% -
Random effects model - 3.82 [2.66; 5.48] == 100.0%
Heterogeneity: [% = 69%, = 0.1271, p < 001 | rol

1 5 10 20 30

Sensitivity: only highquality single timepoint studies retained

Weight Weight

Study Odds Ratio OR 95%—-Cl (fixed) (random)
Berry 2019 B 409 [2.97; 563] 41.3%  357%
Spindle 2017 —i— 3.37 [1.91; 5.94] 13.1% 17.2%
Wills 2017b — 287 [203; 405] 354% 33.0%
Best 2018 - 597 [3.12,11.41] 101% 14.0%
Fixed effect model - 3.65 [2.97; 4.49] 100.0% —
Random effects model > 3.71 [2.83; 4.86] == 100.0%

Heterogeneity: I° = 35%, ©'= 0.0267, p =020 | 1
1 5 10 2030
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Subgroup: pre/post 2014

Weight Weight
Study Odds Ratio OR 95%—Cl (fixed) (random)
Berry 2019 } 409 [297,563] 42.8% 35.6%
Leventhal 2015 —— 175 [1.10:278] 205% 29 8%
Wills 2017b —— 2.87 [2.03;4.05] 36.7% 34.6%
Fixed effect model - 3.02 [2.45; 3.72] 100.0% —
Random effects model —~— 2.81 [1.79; 4.41] —  100.0%
Heterogeneity: 12 = 78%, 7= 0.1228, p = 0.01 ! 1
1 5 10 20 30

Weight Weight
Study 0Odds Ratio OR 95%—Cl (fixed) (random)
Barrington—Trimis 2016 — 548 [269;11.18] 104% 14 9%
Conner 2018 - 406 [294; 560] 511% 322%
East 2018 - 10.57 [3.33;33.52] 4.0% 71%
Spindle 2017 —I— 3.37 [1.91; 5.94] 16.5% 19.8%
Treur 2018 —=——— 1100 [4.44;3188] 55% 92%
Best 2018 — 597 [3.12;11.41] 126% 16.9%
Fixed effect model - 4.70 [3.73; 5.91] 100.0% -
Random effects model g 516 [3.69; 7.21] -—  100.0%
Heterogeneity /2 =38%, °'= 0.0833, p =015 | [

1 5 10 20 30

Subgroup: greater and less than 12 months follow up

Weight
(random)

42.2%
57.8%

100.0%

9.2%
18.4%
18.3%
14.4%
11.9%
17.6%
10.3%

00.0%

Weight

Study Odds Ratio OR 95%-Cl (fixed)

East 2018 ——@—— 1057 [3.33;3352] 42.2%

Treur 2018 ——@— 1190 [444;3188] 578%

Fixed effect model ————— 11.32 [5.35; 23.95] 100.0%

Random effects model —_—— 11.32 [5.35; 23.95] -

Heterogeneity ?= 0%, 24 0,p=088 T T 1

1 5 10 20 30
Weight  Weight
Study QOdds Ratio OR 95%=Cl (fixed) (random)
Barrington—Trimis 2016 —~—I— 548 [2.69;11.18] 4.9%
Berry 2019 - 4.09 [2.97; 5.83] 24.5%
Conner 2018 — 4.06 [2.94; 5.60] 24.1%
Leventhal 2015 —— 1.75 [1.10; 2.78] 11.7%
Spindle 2017 —a— 3.37 [1.91; 5.94] 7.8%
Wills 2017b —- 2.87 [2.03; 4.05] 21.0%
Best 2018 — 5.97 [3.12; 11.41] 6.0%
Fixed effect model -‘ 3.51 [2.99; 4.11] 100.0%
Random effects model ~ 3.54 [2.70; 4.65] |
Heterogeneity: I° = 62%, <= 0.0786, p =001 | ol
1 5 10 2030
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Subgroup: USA and Europe
USA
Weight Weight
Study TE seTE Odds Ratio OR 95%—Cl (fixed) (random)
Barrington—Trimis 2016 1.70 0.3639 —!—-— 5.48 [2.69;11.18] 7.0% 13.4%
Berry 2019 1.41 01631 il 409 [297;, 563] 3/0%  251%
Leventhal 2015 0.56 0.2356 —I—! 1.75 [1.10; 2.78] 16.8%  20.3%
Spindle 2017 1.21 0.285%4 —— 337 [1.91; 584] 111% 17.0%
Wills 2017b 1.05 01782 —— 287 [203; 405 300%  242%
i
Fixed effect model - 3.19 [2.64; 3.85] 100.0% —
Random effects model e 318 [2.26; 4.47] —  100.0%
Heterogeneity: I* = 65%, ° = 0.0933, p = D.02 ' ' 1
1 5 10 20 30
Europe
Weight Weight
Study QCdds Ratio OR 95%=Cl (fixed) (random)
Conner 2018 —=- 4.06 [2.94; 5.60] 69.8% 41.1%
East 2018 ——=—— 10.57 [3.33;33.52] 54% 14.0%
Treur 2018 —'—l— 11.90 [4.44;31.88] 7.5% 17.4%
Best 2018 —l— 5.97 [3.12;11.41] 17.3% 27.5%
Fixed effect model - 4,95 [3.78; 6.48] 100.0% -
Random effects model el 6.22 [3.73; 10.38] == 100.0%
Heterogeneity: 12 = 54%, ©°'= 0.1385, p =009 | I
1 5 10 2030
Meta-analysis: past 30 day-eigarette use
Weight Weight
Study Odds Ratio OR 95%=Cl (fixed) (random)
Hammond 2017 R = 212 [168,267] 764%  764%
Watkins 2018 —e— 187 [1.15,3.05] 169%  16.9%
Spindle 2017 —_ 34 [157,741] 67% 6.7%
Fixed effect model - 2.14 [1.75; 2.62] 100.0% -
Random effects model - 214 [1.75; 2.62] -—  100.0%

Heterogeneity: ?=0%, ©= 0,p=043 T

1 5
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