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Abstract

Background and Aims: Electronic cigarettes (e-cigarettes) have been steadily increasing in popular-
ity among smokers, most of whom report using them to quit smoking. This study systematically
reviews the current literature on the effectiveness of e-cigarettes as cessation aids.

Methods: We searched PubMed, MEDLINE, PsycINFO, CINAHL, ERIC, ROVER, Scopus, 1SI Web of
Science, Cochrane Library, the Ontario Tobacco Research Unit (OTRU) library catalogue, and vari-
ous gray literature sources. We included all English-language, empirical quantitative and qualita-
tive papers that investigated primary cessation outcomes {smoking abstinence or reduction) or
secondary outcomes (abstinence-related withdrawal symptoms and craving reductions) and were
published on or before February 1, 2016.

Results: Literature searches identified 2855 references. After removing duplicates and screening
for eligibility, 62 relevant references were reviewed and appraised. In accordance with the GRADE
system, the quality of the evidence in support of e-cigarettes’ effectiveness in helping smokers quit
was assessed as very low to low, and the evidence on smoking reduction was assessed as very
low to moderate. The majority of included studies found that e-cigarettes, especially second-gen-
eration types, could alleviate smoking withdrawal symptoms and cravings in laboratory settings.
Conclusions: While the majority of studies demonstrate a positive relationship between e-ciga-
rette use and smoking cessation, the evidence remains inconclusive due to the low quality of the
research published to date. Well-designed randomized controlled trials and longitudinal, popula-
tion studies are needed to further elucidate the role of e-cigarettes in smoking cessation.
Implications: This is the most comprehensive systematic evidence review to examine the relationship
between e-cigarette use and smoking cessation among smokers. This review offers balanced and rigor-
ous qualitative and quantitative analyses of published evidence on the effectiveness of e-cigarette use
for smoking abstinence and reduction as well as important outcomes such as withdrawal symptoms and
craving to smoke. While inconclusive due to low quality, overall the existing literature suggests e-cig-
arettes may be helpful for some smokers for quitting or reducing smoking. However, more carefully
designed and scientifically sound studies are urgently needed to establish unequivocally the long-term
cessation effects of e-cigarettes and to better understand of how and when e-cigarettes may be helpful.

© The Author 2016. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco. All rights reserved. 1
For permissions, please e-mail: journals.permissions@oup.com.
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Introduction

Tobacco use, particularly cigarette smoking, remains among the top
causes of preventable death and disease. More than one-sixth of the
world’s population (1.1 billion people) currently smokes cigarettes.
It is estimated that every year 6 million individuals die worldwide
from smoking-related chronic diseases.! Although nicotine replace-
ment therapies (NRTs; nicotine gum, patch, lozenges, sprays, and
inhalers), bupropion SR, and varenicline have been approved by reg-
ulatory drug agencies as safe and efficacious in achieving smoking
cessation outcomes, cessation rates remain stubbornly low.2

Electronic cigarettes {or e-cigarettes) have become increasingly
popular among smokers in recent years.? E-cigarettes contain a heat-
ing unit that aerosolizes vegetable glycerin and/or propylene glycol
mixed with flavorings and various concentrations of nicotine (or no
nicotine). Earlier e-cigarette models resemble combustible cigarettes
in shape and are disposable, while newer types are rechargeable, use
refillable cartridges, and may have variable power settings. Many
cigarette smokers report trying e-cigarettes for the purpose of quit-
ting or reducing cigarette smoking.* The industry and some advo-
cates claim that e-cigarettes are effective cessation supports with
little or no associated risk.’

To date, five systematic reviews have been published that investi-
gate the efficacy or effectiveness of e-cigarettes for cessation. Franck
et al.* reviewed seven studies published before September 2013, of
which three were assessed using the Cochrane criteria. They con-
cluded that there remains significant uncertainty about the efficacy
of e-cigarettes for cessation due to methodological weaknesses. In
2014, the Cochrane Collaboration published a systematic review
that examined 13 completed studies, of which two randomized
controlled trials (RCTs) were synthesized in a meta-analysis, and
nine ongoing trials. The paper concluded that evidence support-
ing e-cigarettes’ efficacy for smoking cessation was low due to the
small number of well-conducted studies on the subject.” Rahman
et al.? reviewed the evidence published up to May 2014 and synthe-
sized data from six studies, only two of which were RCTs and were
included in a meta-analysis. Their findings underscored the relative
efficacy of nicotine-containing e-cigarettes for smoking cessation and
reduction when compared to nicotine-free ones; however, the review
could not establish conclusively if e-cigarettes were more efficacious
than other cessation methods such as NRTs. Conversely, Kalkhoran
and Glantz® examined the effects of e-cigarettes use on quitting and
reducing smoking in 38 peer-reviewed articles on PubMed and Web
of Science until June 17, 2015, and concluded that e-cigarette use
was associated with less quitting. The authors included 20 experi-
mental and observational studies with control groups in a random-
effects meta-analysis. Notably, a significant amount of variability
was present in these studies, jeopardizing the validity of the meta-
analysis results. Lam and West!® searched only three databases in
February 2015 to include four RCTs. Based on a qualitative analy-
sis of these studies, the authors concluded that further research is
needed to confirm the positive results of single studies.

This systematic review addresses important gaps in the litera-
ture on the effectiveness and efficacy of e-cigarettes as cessation aids.
All but one of the previous systematic reviews excluded population
cross-sectional studies and were limited to published peer-reviewed
literature. To address the rapidly changing landscape of research
on e-cigarettes in an environment where high quality evidence
remains scarce, we undertook a comprehensive review of both the
published peer-reviewed and gray literatures, until February 2016.
This review is the most comprehensive to date and includes several

studies published since the Cochrane review and others were com-
pleted. It employs a rigorous design to thoroughly assess the evi-
dence from various disciplines and methodological approaches,
taking into account methodological weaknesses of individual studies
during data synthesis. This design allows for a more careful and bal-
anced understanding of the existing knowledge. This review aims to
examine the effectiveness of e-cigarettes as smoking cessation aids
in terms of smoking abstinence and reduction, as well as two other
important cessation outcomes: alleviation of withdrawal symptoms
and urges to smoke.

Methods

The systematic review protocol followed PRISMA guidelines for
best practice in systematic reviews'! and was prospectively regis-
tered with the PROSPERO registry for systematic reviews.'? The
final PRISMA record is shown in Figure 1.

Identification

Peer-reviewed literature was searched using PubMed, MEDLINE,
PsycINFO, CINAHL, ERIC, ROVER, Scopus, ISI Web of Science,
Cochrane Library, and the Ontario Tobacco Research Unit (OTRU)
library catalogue. Gray literature was searched using Grey Matters,
OAlster, Open Grey, the NYAM Web site, the Legacy Library, BIOSIS
Previews, Conference Papers Index, ISI Proceedings, Dissertation
Abstracts International, CIHI, and Grey Net International. All search
metadata were saved. Where possible, searches queried both title
and keyword for official and slang terms related to e-cigarettes and
smoking cessation.!? Queries searched publications up to February
1, 2016. Literature searches identified a total of 2855 references, of
which 1303 were duplicates.

Eligibility Screening

The remaining 1552 references and abstracts were screened by two
reviewers using DistillerSR, an online software application for sys-
tematic reviews. We included any English-language publications that
contained original data related to e-cigarettes and smoking cessa-
tion (except studies on public awareness only), excluding literature
reviews; business reports; commentaries and discussion papers;
news articles; fact sheets; and position/policy statements. Authors
of abstracts, posters, and presentations were contacted for further
information; those who did not respond or showed potential conflict
of interest (COI) were excluded. Inclusion required one reviewer,
exclusion two reviewers (blind to each other), and conflicts were
automatically flagged and resolved through discussion or by a third
reviewer. We excluded 1048 records, leaving 504 references for
review. Of these, 62 pertained to smoking cessation. Figure 1 illus-
trates the search strategy for identification and selection of relevant
studies.

Quality Assessment

To accommodate the broad scope and methodological heterogeneity
of the literature, references were assessed using a version of Kmet
et al’s'* QualSyst tool, which we modified for the present review by
merging the quantitative and qualitative checklists and revising crite-
ria based on guidelines from the Cochrane Handbook.!* The result-
ing tool evaluates 16 indicators of reporting quality, study design
and methodology, sample representativeness, instrument validity/
reliability, statistical analysis, reflexivity, and risk of bias. For each
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Figure 1. PRISMA flowchart showing search strategy for identification and selection of relevant studies.

article, the tool generates a summary score value between 0 and 1
and a resulting rating of weak (0.00-0.49), moderate (0.50-0.74},
or strong (0.75-1.00). Ratings were calibrated to maximize inter-
rater agreement on a sample of 29 reviewed articles.”> Quality was
assessed by one reviewer; when a quality rating was overruled, a
second, blinded reviewer provided a second assessment. COI was
appraised separately but informed reviewers’ quality assessments; a
separate form on DistillerSR was created to document (COI), while
a question on the quality assessment form was used to evaluate the
potential influence of a present researcher bias. Disagreements and
final scores/ratings were decided through interreviewer discussion.

The intention of our quality assessment strategy was to ensure
that studies were evaluated on their own merit and not against
each other. In other words, a cross-sectional study with a large rep-
resentative sample and strong analytical design (eg, Brown et al.”)
and a well-designed RCT could receive a quantitative score with
an equivalent assessment of strong. Downgrading a final score was
considered when a single flaw in the methodological (eg, sampling
bias) or analytical approach (eg, choice of statistical test or lack
thereof) or limitations in the design cumulatively compromised the
validity of the findings and hence warranted lowering the score (see
Supplementary Appendix A for examples of studies whose quality
scores were downgraded and why).

Interrater agreement was tested using the intraclass correlation
coefficient (ICC)* on a random selection of 10% of references at the
beginning, midpoint, and end of the review. In test 1, the two review-
ers showed good agreement” on 10 articles, ICC(2,1) =.687,P <.01,
95% confidence interval (CI): 0.190, 0.910. In test 2, the two review-
ers showed excellent agreement on 10 articles, ICC(2,1) = .875,
95% Cl: 0.570, 0.967. The review team was then joined by a third
researcher, so the final test sample size was increased to 20 articles,
resulting in good interrater agreement, ICC(2,1) = .602, 95% CI
(0.353, 0.800). Overall agreement was good.

Due to the small number of studies added in the second phase
of data collection and inclusion which preceded the publication of
this manuscript (N = 15), we could not conduct an interclass cor-
relation analysis of interrater agreement. Instead, the two research-
ers compared their quality assessment scores for five random studies
(31% of sample), showing a score difference range of 0-0.16. The
researchers agreed on the final quality assessment for all five stud-
ies (le, weak, moderate, or strong), demonstrating confidence in the
consistency of quality assessment.

Data Analysis and Synthesis
This review examines four smoking cessation-related outcomes: two
primary (smoking abstinence and reduction) and two secondary
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(withdrawal symptoms and urges to smoke) outcomes. Abstinence
outcome measures are 7-day point prevalence, 30-day point preva-
lence, or continuous abstinence for the duration of the study. Due to
substantially higher relapse rates associated with short-term absti-
nence from smoking,? our analysis focuses only on abstinence and
reduction outcomes measured at follow-up points of at least 30 days.
Relevant findings relating to primary outcomes from moderate and
strong papers were synthesized using summary tables where appro-
priate. The body of evidence related to primary and secondary cessa-
tion outcomes was assessed using the GRADE system adopted by the
Cochrane Collaboration for evidence quality evaluation.'* Findings
from weak studies were excluded from the analysis but are presented
in data tables in Supplementary Appendices B and C. However, those
with potentially interesting hypothesis-generating findings are also
discussed.

Results

This review identified 62 articles that investigated primary (smoking
abstinence or reduction at the longest follow-up point reported) and/
or secondary (withdrawal symptoms and craving or urges to smoke)
outcomes related to e-cigarettes’ efficacy or effectiveness as a smok-
ing cessation aid. According to our quality assessment criteria, these
articles consisted of 37 weak studies, 23 moderate studies, and only
2 with a strong quality assessment result (see Table 1 for a break-
down of included papers).

Primary Outcomes: Smoking Abstinence and
‘Reduction T I

This section examines two primary outcomes for cessation, absti-
nence and smoking reduction at various long-term follow-up points
beyond 30 days. Our review identified 15 relevant studies that were
individually assessed as moderate or strong. Three relevant studies
were excluded from the analysis for various reasons. One RCT com-
paring the cessation outcomes of e-cigarettes with inhalers within
a 3-day study period is excluded from the analysis as it measured
abstinence within a period of less than 7 days.! Two other studies
by Copp et al.”” and by Kalkhoran et al.?® are also excluded from this
analysis, as they did not examine the cessation outcomes under study.
Three other studies examined specific populations or smoker groups,
such as patients with schizophrenia or cancer, or smokers enrolled
in a cessation program,*-* and are discussed in Supplementary
Appendix A. One study examined the association between e-cigarette
use duration and smoking cessation.?* Synthesized results from the

Table 1. Overview of Included Studies According to Quality
Assessment and Methodological Approach

Overview of included articles on smoking cessation (N = 62)

Primary outcomes, N = 45; secondary outcomes, N = 19

Quality assessment

Study type Strong (S) Moderate (M}  Weak (W) Total
RCT 0 5 s 10
Experimental 1 7 8 16
Longitudinal 0 5 13 18
Cross-sectional 1 6 12 19

RCT = randomized controlled trial.

remaining 11 studies (using smokers from the general population)
are expressed as ranges of values according to each reported out-
come measures (see Tables 2-5). Refer to Supplementary Appendix
A for a narrative assessment of each study.

Two studies compared the use of e-cigarettes with NRTs in terms
of smoking abstinence and reduction outcomes found that e-ciga-
rettes with nicotine may be more effective than NRTs for smoking
cessation. A well-designed cross-sectional study of 5863 English
smokers by Brown et al.! rated as strong found that e-cigarette users
were 1.63 times more likely than NRT users to quit smoking, even
after adjusting for age, sex, socioeconomic status, quit attempts in
the past year, urges to smoke, and year of the survey. In addition, an
RCT by Bullen et al.?* compared cessation outcomes of two groups
of smokers attempting to quit using nicotine e-cigarettes versus NRT,
respectively, demonstrating higher abstinence and larger reduction in
cigarettes smoked per day in the e-cigarette group (7.3% vs. 5.8%).
The results from the latter study lacked statistical significance—one
of the limitations that resulted in downgrading the study’s quality
from strong to moderate. Despite the high quality scores of these
two studies, due to a lack of other comparative studies, evidence for
e-cigarettes’ cessation aid effectiveness as compared to NRT remains
weak and inconclusive.

While the majority of the moderate to strong studies included in
this analysis of primary outcome measures yielded results support-
ing e-cigarettes, two studies did not. First, a cross-sectional survey
by Christensen et al.?* showed that use of e-cigarettes was negatively
associated with quitting (adjusted odds ratio [AOR]: 0.10; 95% CI:
0.05, 0.22). These results, however, are difficult to interpret as e-cig-

~arette users may have still beenin the process of quitting while the

survey was conducted. Another study by Grana et al.?? found that
e-cigarette users at baseline were less likely to have quit smoking
1 year later. This result was based on a small subsample of 88 smok-
ers who used e-cigarettes (including only eight quitters) and was not
statistically significant.

A study of moderate quality by Lechner et al.,** whose results
were not quantitatively synthesized, investigated the effects of e-cig-
arette use duration on smoking and found a positive association:
increased duration of e-cigarette use slightly increased the likelihood
of being an ex-smoker (OR: 1.003; P = .012) and was associated
with a greater reduction in smoking (P < .001). Another moderate
study by the same research team? confirmed this finding: among 215
vape store customers smoking abstinence was five times more likely
among prolonged e-cigarette users {OR: 4.9; 95% CIL: 2.11, 11.16;
P <.001).

Based on a GRADE analysis of the synthesized results from 10
moderately to strongly rated studies, the overall evidence supporting
the effectiveness of e-cigarettes as a smoking cessation or reduction
aid was found to be weak. Specifically, the GRADE score for evidence
of abstinence was very low to low and was very low to moderate for
smoking reduction. Although 11 of the 14 studies individually rated
as moderate or strong provide some evidence suggesting e-cigarettes’
effectiveness for smoking abstinence and reduction, it is not possible
to draw reliable conclusions from the complete body of evidence due
to serious methodological limitations, such as design weaknesses (eg,
predominance of cross-sectional surveys and paucity of controlled
studies), high risk of bias (eg, sampling problems and inadequate
blinding), and low reliability of results (eg, wide Cls or lack of statis-
tical significance). Refer to Supplementary Appendix A for a discus-
sion of the limitations of moderate and strong study.
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Table 2. Synthesized Results From Four Moderate and Strong Studies With Abstinence Outcomes {Duration Not Reported)

Outcome 1: abstinence—duration not specified {N = §)

Abstinence (%, OR, or AOR ranges)

% of study participants

Cumulative sample Individual GRADE
Comparator (P value; 95% CI) OR (P value; 95% CI}) AOR (P value; 95% CI)  Study types References size {# of studies) Device used quality score(s) quality score
No control 11% (NR)-74% (NR) Longitudinal; Refs.t425-27) 7673 (4} Newer generation M (4) Very low®
abstinence rate cross-sectional device (28)
Compared to NRT 2.23(95% CL: 0.70, 1.63(95% CI:1.17, Cross-sectional Ref.19 5863 (1) Not specified S Low"
2.93; P <.001) 2.27; P <.01)
Compared to no aid 1.38 (95% CI:1.08, 1.61(95% CI:1.19, Cross-sectional Ref.09 5863 (1) Not specified S Low*
1.76; P < .05) 2.18; P < .01)

AOR = adjusted odds ratio; CI = confidence interval; M = moderate; NR = not reported; NRT = nicotine replacement therapy; OR = odds ratio; P = P value; § = strong.
"‘Downgraded two levels to very low due to imprecision of results and the presence of high risk of bias from survey design limitations.

bAssessed as low due to the small number of studies for this outcome measure.

<Assessed as low due to the small number of studies for this outcome measure.
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Table 3. Synthesized Results From Six Moderate Studies With Abstinence Qutcomes Reported at 6-Month Follow-up or Longer

Outcome 1: abstinence—at 6-month follow-up or longer (N = 6)

Abstinence {%, OR, or AOR ranges)

Cumulative
% of study participants OR (P value; AOR (P value; sample size Individual GRADE
Comparator {P value; 95% CI) 95% CI) 95% CI) Study types References (# of studies) Device used quality score(s) quality score
No control  13.1% (95% CI: 7.3, 0.08 (95% CI: 0.04, 0.16)~ 0.10 (95% CI: 0.05, RCT; experimental; Refs,28-32) 11398 (5)  Second generation M (5) Low*
22.3)-36% (NR) 0.71 (95% Cl:0.35, 1.46; 0.22)-6.07 (95% longitudinal; (2/5 studies); not
P=.35) CL: 1.11, 33.18) cross-sectional specified by other
studies
Compared 7.3% vs. 5.8% RCT Ref.3% 657 (1) First generation M Low?®
to NRT (nonsignificant)
Compared to 7.3% vs. 4.1% RCT Ref.03 657 (1)  First generation M Low*
placebo (nonsignificant)

AOR = adjusted odds ratio; CI = confidence interval; M = moderate; NR = not reported; NRT = nicotine replacement therapy; OR = odds ratio; P = P value; RCT = randomized controlled trial.

‘Downgraded one level to low due to imprecision of results and limitations in study implementation.
*Downgraded one level to low due to imprecision of results {only one RCT and problems with statistical significance due to insufficient power).
‘Downgraded one level to low due to imprecision of results {only one RCT and problems with statistical significance due to insufficient power).
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Table 4. Synthesized Results From One Moderate Study With Smoking Reduction Outcomes {Duration Not Reported)

Outcome 2: smoking reduction—duration not specified (N = 2}

% of study Cumulative Individual

participants Decrease in CPD sample size Device quality GRADE
Comparator (P value; 95% CI) (P value; 95% CI) Study types References (# of studies) used score(s)  quality score
No control  14% (NR) Mean decrease of  Cross-sectional Refs. 2526 1555(2)  Newer generation M(2)  Verylow®

14.6 CPD survey
(P <.001)

device (28)

CI = confidence interval; CPD = cigarettes per day; M = moderate; NR = not reported; P = P value.
"Downgraded two levels to very low due to imprecision of results {one cross-sectional survey) and the presence of high risk of bias from design limitations.

Thirty-one articles with primary cessation outcomes were rated
as weak according to our quality assessment tool. Of these, one
RCT comparing the use of nicotine versus nonmnicotine e-cigarettes
is excluded from the analysis as it measured outcomes within a
shorter than 30-day timeframe.** Seven longitudinal, one experi-
mental, and two cross-sectional studies showed positive results in
terms of abstinence and/or reduction in cigarettes smoked per day.
However, these studies shared several weaknesses and limitations,
including small sample sizes ranging from 17 to 48 participants,
with the exception of three studies with 477% and 1656 participants,
respectively.3®3” A number of these did not test or report the statisti-
cal significance of results (see Supplementary Appendix B for study
results and limitations). In addition, several studies demonstrated
substantial risk of bias resulting from poor sampling techniques or
recruitment methods. Four studies of the general population®! sug-
gested that e-cigarettes did not help smokers quit or reduce smoking.
Many of these studies relied on surveys with a high risk of selection
{and researcher) bias due to convenience sampling and/or recruit-
ment from e-cigarette-related Web sites and forums frequented by
e-cigarette aficionados. Another common limitation was low inter-
nal validity, due to poorly designed analyses that failed to adjust for
baseline differences and other potential confounds. Some of these
studies did not support their results with appropriate statistical test-
ing. As a result, the following 31 weakly rated studies were excluded
from our analysis of primary outcome measures: three RCTs, %24
four experimental studies,**” 13 longitudinal studies,3-39-4148-5¢ and
11 cross-sectional survey studies.36-3857-64

Secondary Outcomes: Urges to Smoke and
Withdrawal Symptoms

Nineteen studies that investigated secondary outcomes related to
cigarette smoking withdrawal symptoms and cravings or urges to
smoke were identified. Using our quality assessment tool, only one of
these included studies was rated as strong, nine were rated as moder-
ate, and nine as weak (excluded from analysis and only discussed
briefly in this paper).

Overall, nine of the included studies demonstrated results sug-
gesting that e-cigarettes are useful in alleviating withdrawal symp-
toms and reducing urges to smoke. The consistency of results across
these studies provides some evidence suggesting that e-cigarettes
may reduce symptoms and cravings. However, the quality of the
overall body of evidence relating to these secondary outcomes was
rated as Jow (GRADE score), primarily due to the consistent pres-
ence of risks of bias within individual studies. The main findings
are discussed below (see Supplementary Appendix C for individ-
ual study limitations). Eight experimental studies, including three
RCTs, found that e-cigarettes helped reduce both smoking-related

withdrawal symptoms and urges to smoke in users.’%¢5-71 Adriaens
et al.*® in their RCT observed an immediate decrease in withdrawal
symptoms and smoking-related cravings following 5 minutes of
using a second-generation e-cigarette. The decrease in withdrawal
symptoms in the e-cigarette groups was comparable to that observed
in the cigarette-only (control) group. Another RCT by Dawkins
et al.®® found that nicotine and placebo e-cigarettes reduced the
desire to smoke and some withdrawal symptoms 20 minutes after
use. Males in the nicotine e-cigarette group experienced better out-
comes than their counterparts in the placebo group, but this effect
was not seen among females. This study also utilized a second-gener-
ation device. Comparable findings were reported by Dawkins et al.%
whose RCT found that using a first-generation e-cigarette with and
without nicotine helped alleviate reported withdrawal symptoms
and cravings with similar effects. A more recent experimental study
by Dawkins et al.¥” found that second-generation e-cigarettes with
nicotine reduced reported anxiety and smoking cravings more sub-
stantially than placebo e-cigarettes. Two other experimental studies
also reported reductions in cravings and some withdrawal symp-
toms, particularly anxiety and restlessness, after using a second-gen-
eration e-cigarette device for 10 puffs or ad libitum.$>7' A strongly
rated experimental study by Vansickel et al.” found that two differ-
ent brands of first-generation e-cigarettes reduced both withdrawal
symptoms and cravings in naive users; however, smoking one’s own
combustible cigarette brand resulted in a larger reduction in the
same outcomes.

One cross-sectional survey study by Dawkins et al.?¢ investigated
the effects of e-cigarette use on cravings among other behavioral
outcomes in e-cigarette users. An overwhelming majority of users in
their survey (91% of a sample of 1347) reported a reduction of urges
to smoke after using e-cigarettes, although these findings are mark-
edly limited by the risk of sampling bias (participants were recruited
from Web sites linked to e-cigarette companies), and lack of bio-
chemical verification of smoking abstinence.

Only one study of moderate quality reported neutral or negative
secondary outcomes. An experimental study by Norton et al.” found
that e-cigarettes did not significantly reduce participants’ urges to
smoke conventional cigarettes, whereas smoking cigarettes showed
a significant positive effect on cravings. This study relied on the use
of first-generation devices and involved significant noncompliance
with protocols—limitations that weaken the reliability of the results.

Findings from weak studies (two RCTs, six experimental, and
one cross-sectional survey) are generally in agreement with the
results discussed above.**%475%73-77 However, two of these studies
did not report a positive relationship, between e-cigarette use and
reduction in symptoms or cravings. Both of these studies utilized a
first-generation device.**”* One noteworthy study by Lechner et al.”
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Table 5. Synthesized Results From Four Moderate Studies With Smoking Reduction Qutcomes Reported at 6-Month Follow-up or Longer

Outcome 2: smoking reduction—at 6-month follow-up or longer (N = 4)

Smoking reduction (# CPD, % participants, % reduction, % >50% ranges)

% reduction in % reduction in Cumulative Individual GRADE
Decrease in CPD mean CPD median CPD % participants sample size quality quality
Comparator (P value; 95% CI) (P value; 95% CI) (P value; 95% CI)  250% reduction Study types References  (# of studies) Device used score(s) score
No control 20 CPD {P < .001) 60% decrease in 80% reductionin  30% (P <.001)  RCT; experimental Refs.003" 98 (2) Second M (2) Moderate
CPD (M = 7.66, CPD (NR) generation
SD =7.72)
Compared to NRT A larger decrease in 57% compared RCT Ref.3¥ 657 (1) First generation M Low?
e-cigarette group by to 41%
2 CPD (P = .002) (P =.0002)
Compared to Placebo 57% compared to RCT Ref.3% 657 (1) First generation M
45% (P = .08)
Compared to nonusers A larger decrease in Longitudinal Ref.® 5939 (1) Not specified M Low®

e-cigarette group
by 1.9 CPD (3.78
compared to 1.85;
P <.05)

CI = confidence interval; CPD = cigarettes per day; M = moderate; NR = not reported; NRT = nicotine replacement therapy; P = P value; RCT = randomized controlled trial; SD = standard deviation.
‘Downgraded one level to low due to imprecision of results {only one RCT and problems with statistical significance).
"Downgraded one level to low due to imprecision of results (only one study).
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compared the efficacy of a second- and a first-generation e-cigarette
in reducing withdrawal symptoms in a randomized crossover design.
Mean reduction of scores on the Mood and Physical Symptoms Scale
(MPSS) was 5.73 after using the second-generation device, compared
to 3.14 with the first-generation device. Although the study failed to
account for differences in baseline MPSS scores, the findings high-
light the potential superiority of second-generation devices in reduc-
ing withdrawal symptoms experienced by users.

Discussion

The results of this systematic review lead us to conclude that evi-
dence for the effectiveness of e-cigarettes as a cessation aid is incon-
clusive. There is too much uncontrolled variation to allow for any
general conclusion to be made. Studies are only beginning to account
for important variables related to the product (e-cigarette device,
fluid, nicotine content, nicotine delivery), characteristics of users
(cigarette use profile, quitting history, health status, demographics),
and patterns of use (frequency, duration, time period, inhalation).
The study of e-cigarettes as cessation aids is still in its infancy, and at
present there are simply too few well-designed studies to establish a
strong body of evidence.

The state of the evidence in support of e-cigarettes as effective
aids that may help smokers quit is currently assessed as very low to
Jow. This is primarily because of methodological weaknesses, such as
a lack of randomized trials, survey design limitations, and sampling
problems, and imprecision of results—both statistically and due to
a small number of relevant studies. What limited evidence there is
seems to point to e-cigarettes as potentially useful in helping some
smokers quit cigarette smoking. Evidence of a positive association
between e-cigarette use and smoking reduction is slightly better, but
also weak as indicated by a GRADE assessment of very low to mod-
erate. Our findings are supported by a Cochrane review, in which
GRADE result was also low and which forms the basis for a recent
Public Health England review.””

There is a small amount of evidence suggesting that second-
generation e-cigarettes may be more effective than first-generation
devices in helping smokets to quit or smoke less. This is supported by
the existing evidence on apparent superiority of second-generation
e-cigarettes in reducing abstinence-related withdrawal symptoms
and cravings and could be explained by their increased control over
vapor production and nicotine delivery as compared to first-gener-
ation models. An important caution is that lab efficacy studies do
not always translate into symptom and craving reduction in the real
world and over time.

The long-term effectiveness of e-cigarettes to reduce withdrawal
symptoms and cravings in real-life settings remains uncertain. RCTs
and longitudinal studies that examine the effectiveness of e-cigarettes
outside lab settings and provide insight into contextual and behav-
ioral mechanisms are needed. Moreover, it remains unclear whether
e-cigarettes are only beneficial for certain types of smokers and
whether their efficacy is enhanced or hampered when used in tan-
dem with other cessation aids such as counseling or NRT. Research
has demonstrated increased benefits of cessation aids such as NRTs
when coupled with behavioral support? Future studies should
examine the potential role of behavioral support or counseling pro-
grams in order to have a better understanding of contextual factors
that may contribute to better cessation outcomes.

Our findings have some limitations. Firstly, the lack of stand-
ardized outcome measures reported by the included studies made

it difficult to quantitatively synthesize individual findings. It is
possible that assessing the body of evidence per primary outcome
measure resulted in an underestimation of the overall strength of
the evidence, as grouping pooled measures may better demonstrate
consistency between results, increase the precision of findings, and
thereby the level of confidence in the results.!* Qur review may
have benefited from a meta-analysis of some included studies.
However, due to the heterogeneity of outcome measures and meth-
odological approaches included in the review, it was impractical
to combine the data quantitatively." Secondly, to limit the scope
of the study, our analysis did not examine adverse health effects
related to e-cigarette use for cessation or how abstinence rates dif-
fered between e-cigarettes users who reported an intention to quit
and those users who were only experimenting. Thirdly, our review
employed a comprehensive search strategy that included confer-
ence proceedings and ongoing RCTs; however, we may have missed
some unpublished results. Nonetheless, our study possesses several
strengths that support the reliability of our findings. First, and
unlike other reviews on the subject, our literature search strategy
employed numerous search engines and both peer-reviewed and
gray literature sources, ensuring that the review included virtually
all relevant evidence to date and resulting in the most comprehen-
sive to date, examining 62 studies. Second, a committee of experts
in public health and tobacco policy oversaw the development of
the study protocol, including assessment and data extraction tools,
in order to establish comprehensive and stringent review criteria.
Third, interrater agreement was rigorously tested and validated at
several stages of the review. Fourth, implementing two stages of
quality assessment when possible—the first using a tool specially
designed to assess a highly heterogeneous body of evidence, the
second to rate specific categories of evidence (GRADE)—allowed
us to carefully and stringently parse and evaluate the evidence, with
the weakest studies excluded from our analysis. These measures
bring a degree of rigor to the study not seen in other systematic
reviews on e-cigarette cessation aid effectiveness and should bol-
ster confidence in our results. Lastly, in addition to the qualita-
tive analysis, and recognizing the impracticality of conducting a
meta-analysis, this review provides a broad quantitative synthesis
of studies of fair quality regardless of study design to help stake-
holders understand the state of current evidence on e-cigarertes
as cessation aids. Further research employing robust randomized
controlled designs and population sampling strategies is needed
to enhance the current evidence and enrich our understanding of
how e-cigarettes may be utilized by smokers to reduce their con-
sumption of cigarettes or quit smoking. Such studies should use
devices that have been well characterized with effective nicotine
delivery and other effects and would benefit from more rigorous
validation methods of cessation such as biochemical verification.
Although, the development of RCTs using e-cigarettes that have
been shown to match the nicotine delivery profile of a tobacco cig-
arette is presently impractical in countries where the use of nicotine
e-cigarettes is banned (eg, Canada) or where standard devices need
be approved (eg, the United States). Such studies may help to eluci-
date the role of these products in helping smokers remain abstinent
and smoke less.

Supplementary Material

Supplementary Appendices A~C can be found online at http:/www.
ntr.oxfordjournals.org

910 ‘6T dunf U0 OMXIIN MON JO AJISISAIU() J2 /310"s[ewInofpioyxonuy/:duy woyy papeoumo(g



10

Nicotine & Tobacco Research, 2016, Vol. 00, No. 00

Funding

This work was supported by the Ministry of Health and Long-Term Care
{Ontario, Canada) through a Health System Research Fund (HSRF) award
(grant number 06699). Views expressed in this publication are the authors’
views and do not necessarily reflect those of the Province.

Declaration of Interests

None declared.

References

1.

10.

1

-

Ja
[\

13.

1

N

15.

Jha P. Avoidable global cancer deaths and total deaths from smoking. Nat
Rev Cancer. 2009;9(9):655-664. do0i:10.1038/nrc2703.

. Fiore MC, Jaén CR, Baker TB, et al. Treating Tobacco Use and

Dependence: 2008 Update. Clinical Practice Guideline. Rockville, MD:
U.S. Department of Health and Human Services, Public Health Service;
2008. http//bphc.hrsa.gov/buckets/treatingtobacco.pdf. Accessed June
2015.

. Grana R, Benowitz N, Glantz SA. Background Paper on E-Cigarettes

(Electronic Nicotine Delivery Systems). 2013. http:/fescholarship.orgfuc/
iten/13p2b72n.pdf. Accessed November 10, 2014,

. Adkison SE, O’Connor R], Bansal-Travers M, et al. Electronic nicotine

delivery systems international tobacco control four-country survey. Am J
Prev Med. 2013;44(3):207-215. doi:10.1016/j.amepre.2012.10.018.
WHO - ENDS - E-Cigarette Report [Internet]. WHO. http:/fwww.who.
int/nmh/events/2014/backgrounder-e-cigarettes/en/. Accessed October 27,
2014.

. Franck C, Budlovsky T, Windle SB, Filion KB, Eisenberg M]J. Electronic

cigarettes in North America: history, use, and implications for smok-
ing cessation. Circulation. 2014;129(19):1945-1952. doi:10.1161/
CIRCULATIONAHA.113.006416.

. McRobbie H, Bullen C, Hartmann-Boyce ], Hajek P. Electronic ciga-

rettes for smoking cessation and reduction. Cockrane Database Syst Rev.
2014;12:CD010216. doi:10.1002/14651858.CD010216.pub2.

Rahman MA, Hann N, Wilson A, Mnatzaganian G, Worrall-Carter L.
E-cigarettes and smoking cessation: evidence from a systematic review
and meta-analysis. Le Foll B, editor. PLoS One. 2015;10(3):e0122544.
d0i:10.1371/journal.pone.0122544,

. Kalkhoran S, Glantz SA. E-cigarettes and smoking cessation in real-world

and clinical settings: a systematic review and meta-analysis. Lancet.
2016;4(2):116-128. :

Lam C, West A. Are electronic nicotine delivery systems an effective smok-
ing cessation tool? Can J Respir Ther. 2015;51(4):93-98.

. Liberati A, Altman DG, Tetzlaff ], et al. The PRISMA statement for report-

ing systematic reviews and meta-analyses of studies that evaluate health
care interventions: explanation and elaboration. BMJ. 2009;339:b2700.
d0i:10.1136/bm;j.b2700.

. Schwartz R, Zawertailo L, Ferrence R, et al. Re-Cig ~ Research

on E-Cigarettes: Knowledge Synthesis [Internet]. PROSPERO;
2014. http://www.crd.york.ac.uk/PROSPERO/DisplayPDE
php?ID=CRD42014014963. Accessed July 15, 2015.

Kmet LM, Lee RC, Cook LS. Standard Quality Assessment Criteria for
Evaluating Primary Research Papers From a Variety of Fields. Alberta
Heritage Foundation for Medical Research; 2004.http://www.biomed-
central.com/content/supplementary/1471-2393-14-52-s2.pdf. ~ Accessed
November 10,2014.

. Higgins JP, Green S. Cochrane Handbook for Systematic Reviews of

Interventions. Wiley Online Library; 2008. http://handbook.cochrane.
org/. Accessed July 15, 2015.

Brown J, Beard E, Kotz D, Michie S, West R. Real-world effectiveness of
e-cigarettes when used to aid smoking cessation: a cross-sectional popula-
tion study. Addict Abingdon Engl. 2014;109(9):1531-1540. doi:10.1111/
add.12623.

16.

8.

19.

20.

21.

[y

22,

23.

ol

24.

2

n

26.

27.

2

o0

29.

3

[=1

3

—_

32.

33.

34,

Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater reli-
ability. Psychol Bull. 1979;86(2):420. doi:10.1037/0033-2909.86.2.420.

17. Hallgren KA. Computing inter-rater reliability for observational data: an

overview and tutorial. Tutor Quant Methods Psychol. 2012;8(1):23. http://
www.ncbi.nlm.nih.gov/pmc/articles/PMC3402032/pdf/nihms372951.pdf.
Accessed November 15, 2014.

Steinberg MB, Zimmermann MH, Delnevo CD, et al. E-cigarette versus
nicotine inhaler: comparing the perceptions and experiences of inhaled
nicotine devices. | Gen Intern Med. 2014;29(11):1444-1450. doi:10.1007/
$11606-014-2889-7.

Copp SR, Collins JL, Dar R, Barrett SP. The effects of nicotine stimulus
and response expectancies on male and female smokers’ responses to nico-
tine-free electronic cigarettes [Internet]. Addict Bebav. 2015;40:144-147.
doi:10.1016/;.addbeh.2014.09.013.

Kalkhoran S, Grana RA, Neilands TB, Ling PM. Dual use of smokeless
tobacco or e- cigarettes with cigarettes and cessation. Am J Health Behav.
2015;39(2):277-284. doi:10.5993/AJHB.39.2.14.

Borderud SP, Li Y, Burkhalter JE, Sheffer CE, Ostroff JS. Electronic ciga-
rette use among patients with cancer: characteristics of electronic cigarette
users and their smoking cessation outcomes: e-cigarette use in patients
with cancer. Cancer. 2014;120(22):3527-3535. doi:10.1002/cncr.28811.
Caponnetto P, Auditore R, Russo C, Cappello GC, Polosa R. Impact of an
electronic cigarette on smoking reduction and cessation in schizophrenic
smokers: a prospective 12-month pilot study. Int | Environ Res Public
Health. 2013;10(2):446-461. doi:10.3390/ijerph10020446.

Pearson JL, Stanton CA, Cha S, Niaura RS, Luta G, Graham AL. E-cigarettes
and smoking cessation: insights and cautions from a secondary analysis of
data from a study of online treatment-seeking smokers. Nicotine Tob Res
Off ] Soc Res Nicotine Tob. 2014;17(10):1219~1227. do0i:10.1093/ntr/
ntu269.

Lechner WV, Tackett AP, Grant DM, Tahirkheli NN, Driskill LM, Wagener
TL. Effects of duration of electronic cigarette use. Nicotine Tob Res.
2015;17(2):180-185. doi:10.1093/ntr/ntu061.

. Tackett AP, Lechner WV, Meier E, et al. Biochemically verified smoking

cessation and vaping beliefs among vape store customers. Addiction.
2015;110(5):868-874.

Dawkins L, Turner ], Roberts A, Soar K. “Vaping” profiles and pref-
erences: an online survey of electronic cigarette users. Addiction.
2013;108(6):1115-1125. doi:10.1111/2dd.12150.

Goniewicz ML, Lingas EO, Hajek P. Patterns of electronic cigarette use and
user beliefs about their safety and benefits: an internet survey. Drug Alcobol
Rev. 2013;32(2):133-140. doi:10.1111/.1465-3362.2012.00512.x.

. Christensen T, Welsh E, Faseru B. Profile of e-cigarette use and its relation-

ship with cigarette quit attempts and abstinence in Kansas adults. Prev
Med. 2014;69:90-94. doi:10.1016/j.ypmed.2014.09.005.

Grana RA, Popova L, Ling PM. A longitudinal analysis of electronic ciga-
rette use and smoking cessation. JAMA Intern Med. 2014;174(5):812—
813.d0i:10.1001/jamainternmed.2014.187.

. Adriaens K, Van Gucht D, Declerck P, Baeyens F. Effectiveness of the elec-

tronic cigarette: an eight-week flemish study with six-month follow-up on
smoking reduction, craving and experienced benefits and complaints. Int
] Environ Res Public Health. 2014;11(11):11220-11248. doi:10.3390/
ijerph111111220.

. Polosa R, Caponnetto P, Maglia M, Morjaria JB, Russo C. Success rates

with nicotine personal vaporizers: a prospective 6-month pilot study of
smokers not intending to quit. BMC Public Health. 2014;14(1):1159.
doi:10.1186/1471-2458-14-1159.

Biener L, Hargraves JL. A longitudinal study of electronic cigarette use in
a population-based sample of adult smokers: association with smoking
cessation and motivation to quit. Nécotine Tob Res Off ] Soc Res Nicotine
Tob. 2015;17(2):127-133. doi:10.1093/ntr/ntu200.

Bullen C, Howe C, Laugesen M, et al. Electronic cigarettes for smoking
cessation: a randomised controlled trial. Lancet. 2013;382(9905):1629-
1637. doi:10.1016/50140-6736(13)61842-5.

Tseng TY, Ostroff ]S, Campo A, et al. A randomized trial comparing the
effect of nicotine versus placebo electronic cigarettes on smoking reduction

910T ‘6T Sunf U0 09IXaJN MIN] JO AJIsIaAtu e /310" s[ewmnofpioyxo-nuy/:dny woxy papeojumoq



Nicotine & Tobacco Research, 2016, Vol. 00, No. 00

1

36.

37.

38.

39.

40.

4

jury

42.

43.

44.

45.

46.

47.

48.

oo

49.

50.

5

-

52.

among young adult smokers. Nicotine Tob Res. 2016. doi:10.1093/ntr/
ntw017.

. Etter J-F, Bullen C. A longitudinal study of electronic cigarette users.

Addict Behav. 2014;39(2):491-494. doi:10.1016/j.addbeh.2013.10.028.
Brose LS, Hitchman SC, Brown ], West R, McNeill A. Is the use of
electronic cigarettes while smoking associated with smoking cessation
attempts, cessation and reduced cigarette consumption? A survey with
a 1-year follow-up. Addiction. 2015;110(7):1160-1168. doi:10.1111/
add.12917.

Hitchman SC, Brose LS, Brown J, Robson D, McNeill A. Associations
between e-cigarette type, frequency of use, and quitting smoking: findings
from a longitudinal online pane survey in Great Britain. Nicotine Tob Res.
2015;17(10):1187-1194. doi:10.1093/ntr/ntv078.

Vickerman KA, Carpenter KM, Altman T, Nash CM, Zbikowski SM. Use
of electronic cigarettes among state tobacco cessation quitline callers.
Nicotine Tob Res. 2013;15(10):1787-1793. doi:10.1093/ntr/ntt061.
Al-Delaimy WK, Myers MG, Leas EC, Strong DR, Hofstetter CR.
E-cigarette use in the past and quitting behavior in the future: a population-
based study. Am ] Public Health. 2015;105(6):1213-1219. doi:10.2105/
AJPH.2014.302482.

Gmel G, Baggio S, Mohler-Kuo M, Daeppen JB, Studer J. E-cigarette use in
young Swiss men: is vaping an effective way of reducing or quitting smok-
ing? Swiss Med Wkly. 2016;146:w14271. doi:10.4414/smw.2016.14271.

. Manzoli L, Flacco ME, Fiore M, et al. Electronic cigarettes efficacy and

safety at 12 months: cohort study. PLoS One. 2015;10(6):e0129443.
doi:10.1371/journal.pone.0129443.

Caponnetto P, Campagna D, Cibella F, et al. EffiCiency and Safety of
an elLectronic cigarette (ECLAT) as tobacco cigarettes substitute: a
prospective 12-month randomized control design study. PLoS Ome.
2013;8(6):e66317. doi:10.1371/journal.pone.0066317.

O’Brien B, Knight-West O, Walker N, Parag V, Bullen C. E-cigarettes ver-
sus NRT for smoking reduction or cessation in people with mental ill-
ness: secondary analysis of data from the ASCEND trial. Tob Induc Dis.
2015;13(1):5. doi:10.1186/512971-015-0030-2.

Nides MA, Leischow SJ, Bhatter M, Simmons M. Nicotine blood levels and
short-term smoking reduction with an electronic nicotine delivery system.
Am ] Health Bebay. 2014;38(2):265-274. doi:10.5993/AJHB.38.2.12.
Polosa R, Caponnetto P, Morjaria JB, Papale G, Campagna D, Russo C.
Effect of an electronic nicotine delivery device (e-cigarette) on smoking
reduction and cessation: a prospective 6- month pilot study. BMC Public
Health.2011;11(1):786. doi:10.1186/1471-2458-11-786.

Wagener TL, Meier E, Hale J], et al. Pilot investigation of changes in readi-
ness and confidence to quit smoking after e-cigarette experimentation and
1 week of use. Nicotine Tob Res. 2014;16(1):108-114. doi:10.1093/ntr/
ntt138.

Stein MD, Caviness C, Grimone K, Audet D, Anderson B], Bailey GL.
An open trial of electronic cigarettes for smoking cessation among
methadone-maintained smokers. Nicotine Tob Res. 2016;18:1157~1162.
doi:10.1093/ntr/ntv267.

Prochaska JJ, Grana RA. E-cigarette use among smokers with serious
mental illness. PLoS Ome. 2014;9(11):e113013. doi:10.1371/journal.
pone.0113013.

Berg CJ, Barr DB, Stratton E, Escoffery C, Kegler M. Attitudes toward
e-cigarettes, reasons for initiating e-cigarette use, and changes in smok-
ing behavior after initiation: a pilot longitudinal study of regular ciga-
rette smokers. Open | Prev Med. 2014;4(10):789-800. doi:10.4236/
0jpm.2014.410089.

Ely J. Evaluation of the Use of Electric Cigarettes in a Rural Smoking
Cessation Program [Internet] [PhD]. Greeley, CO: University of Northern
Colorado; 2013.

. Humair J-P, Tango R. Can e-cigarette help patients to reduce or stop smok-

ing in primary care practice? Paper presented at 37th Annual Meeting of
the Society of General Internal Medicine; April 2014; San Diego, CA.

Polosa R, Morjaria JB, Caponnetto P, et al. Effectiveness and tolerability of
electronic cigarette in real-life: a 24-month prospective observational study.
Tntern Emerg Med. 2014;9(5):537-546. doi:10.1007/s11739-013-0977-z.

54.

55.

N

N

57.

58.

el

59.

6

(=3

61.

—

62.

63.

64,

65.

66.

67.

6

00

69.

7

f=1

71.

. Polosa R, Morjaria J, Caponnetto P, et al. Effect of smoking abstinence and

reduction in asthmatic smokers switching to electronic cigarettes: evidence
for harm reversal. Int | Environ Res Public Health. 2014;11(5):4965-
4977. doi:10.3390/ijerph110504965.

Harrington KE Cheong J, Hendricks S, Kohler C, Bailey WC. E-cigarette
and traditional cigarette use among smokers during hospitalization and
6 months later. Cancer Epidemiol Biomarkers Prev. 2015;24(4):762.
doi:10.1158/1055-9965.EPI-15-0109.

Polosa R, Caponnetto P, Cibella F, Le-Houezec J. Quit and smoking reduction
rates in vape shop consumers: a prospective 12-month survey. Int | Environ
Res Public Health. 2015;12(4):3428-3438. doi:10.3390/ijerph120403428.

. Strong DR, Myers M, Linke S, et al. Gender differences influence over-

weight smokers’ experimentation with electronic nicotine delivery sys-
tems. Addict Behav. 2015;49:20-25. :

Etter J-E Electronic cigarettes: a survey of users. BMC Public Health.
2010;10:231. doi:10.1186/1471-2458-10-231.

Etter J-E Bullen C. Electronic cigarette: users profile, utilization, satis-
faction and perceived efficacy. Addiction. 2011;106(11):2017-2028.
doi:10.1111/1.1360-0443.2011.03505.x.

Etter J-F, Eissenberg T. Dependence levels in users of electronic ciga-
rettes, nicotine gums and tobacco cigarettes. Drug Alcobol Depend.
2015;147:68-75. doi:10.1016/j.drugaledep.2014.12.007.

. Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, Voudris V.

Characteristics, perceived side effects and benefits of electronic cigarette
use: a worldwide survey of more than 19,000 consumers. Int | Environ Res
Public Health. 2014;11(4):4356—4373. doi:10.3390/ijerph110404356.
Kralikova E, Novak J, West O, Kmetova A, Hajek P. Do e-cigarettes
have the potential to compete with conventional cigarettes? Chest.
2013;144(5):1609-1614. doi:10.1378/chest.12-2842.,

Siegel MB, Tanwar KL, Wood KS. Electronic cigarettes as a smoking-cessa-
tion: tool results from an online survey. Am | Prev Med. 2011;40(4):472—
475. d0i:10.1016/j.amepre.2010.12.006.

McQueen N, Partington EJ, Harrington KF, Rosenthal EL, Carroll
WR, Schmalbach CE. Smoking cessation and electronic cigarette use
among head and neck cancer patients. Otolaryngol Head Neck Surg.
2016;154(1):73-79.

Rutten LJE Blake KD, Agunwamba AA, et al. Use of e-cigarettes among
current smokers: associations among reasons for use, quit intentions
and current tobacco use. Nicotine Tob Res. 2015;17(10):1228-1234.
doi:10.1093/ntr/ntv003.

Dawkins L, Kent T, Tarner J. The Electronic Cigarette: Acute Effects
on Mood and Craving. 2010 Conference of the British Association for
Psychopharmacology  [Internet].  2010.hutp://myaccess.library.utoronto.ca/
login?url=http://search.proquest.com/docview/13130120752accountid=14771.
Accessed February 5, 2015.

Dawkins L, Corcoran O. Acute electronic cigarette use: nicotine deliv-
ery and subjective effects in regular users. Psychopharmacology.
2014;231(2):401-407. doi:10.1007/s00213-013-3249-8.

Dawkins L, Turner J, Crowe E. Nicotine derived from the electronic
cigarette improves time-based prospective memory in abstinent smok-
ers. Psychopharmacology (Berl). 2013;227(3):377-384. doi:10.1007/
500213-013-2983-2. -

. Dawkins L, Turner ], Hasna S, Soar K. The electronic-cigarette: effects

on desire to smoke, withdrawal symptoms and cognition. Addict Behav.
2012;37(8):970-973.

Vansickel AR, Eissenberg T. Electronic cigarettes: effective nicotine deliv-
ery after acute administration. Nicotine Tob Res. 2013;15(1):267-270.
doi:10.1016/j.addbeh.2012.03.004.

. Vansickel AR, Cobb CO, Weaver MF, Eissenberg TE. A clinical labora-

tory model for evaluating the acute effects of electronic “cigarettes™:
nicotine delivery profile and cardiovascular and subjective effects. Cancer
Epidemiol Biomark Prev. 2010;19(8):1945-1953. doi:10.1158/1055-
9965.EPI-10-0288.

Vansickel AR, Weaver MF, Eissenberg T. Clinical laboratory assessment of
the abuse liability of an electronic cigarette. Addiction. 2012;107(8):1493~
1500. doi:10.1111/.1360-0443.2012.03791.x.

910T ‘6T duny U0 00Ixa] MoN JO ANsIoATU() Je /F10°speuinolpioyxo-sjuy/:dyy Wwoy papeo[umoc]



12

Nicotine & Tobacco Research, 2016, Vol. 00, No. 00

72.

73.

74.

75.

Norton KJ, June KM, O’Connor R]. Initial puffing behaviors and sub-
jective responses differ between an electronic nicotine delivery sys-
tem and traditional cigarettes. Tob Induc Dis. 2014;12(1):17-17.
doi:10.1186/1617-9625-12-17.

Bullen C, McRobbie H, Thornley S, Glover M, Lin R, Laugesen M.
Effect of an electronic nicotine delivery device (e cigarette) on desire
to smoke and withdrawal, user preferences and nicotine deliv-
ery: randomised cross-over trial. Tob Control. 2010;19(2):98-103.
doi:10.1136/tc.2009.031567.

Eissenberg T. Electronic nicotine delivery devices: ineffective nicotine
delivery and craving suppression after acute administration. Tob Control.
2010;19(1):87~88. doi:10.1136/tc.2009.033498.

Farsalinos KE, Spyrou A, Tsimopoulou K, Stefopoulos C, Romagna
G, Voudris V. Nicotine absorption from electronic cigarette use:

76.

77.

78.

comparison between first and new-generation devices. Sci Rep.2014;4:4133.
doi:10.1038/srep04133.

Lechner WV, Meier E, Wiener JL, et al. The comparative efficacy of 1
vs. 2 generation electronic cigarettes in reducing symptoms of nicotine
withdrawal. Addict Abingdon Engl. 2015;110(5):862-867. do0i:10.1111/
add.12870.

Dawkins L, Munafo M, Christoforou G, Olumegbon N, Soar K. The
effects of e-cigarette visual appearance on craving and withdrawal symp-
toms in abstinent smokers. Psychol Addict Bebav. 2016;30(1):101-105.
doi:10.1037/adb0000112.

McNeill A, Brose LS, Calder R, Hitchman SC. E-Cigarettes: An Evidence
Update. 2015. https://www.gov.uk/government/uploads/system/uploads/attach-
ment_data/file/457102/Ecigarettes_an_evidence_update_A_report_commis-
sioned_by_Public_Health_England_FINAL.pdf. Accessed March 15,2016.

910T ‘6T Sun{ uo 0IXSN MON JO ANSIAIU() 18 /310°S[enolpI0yx0 1u//:d1y WoXy papeo[umoq



