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BACKGROUND: Recent studies have estimated that 21% of all deaths
over the past decade are due to smoking, making it the leading cause of
premature death in Canada. To date, many steps have been taken to eradi-
cate the global epidemic of tobacco smoking. Most recently, electronic
nicotine delivery systems (ENDS) have become a popular smoking cessa-
tion tool. ENDS do not burn or use tobacco leaves, but instead vapourize a
solution the user then inhales. The main constituents of the solution, in
addition to nicotine when nicotine is present, are propylene glycol, with or
without glycerol and flavouring agents. Currently, ENDS are not regulated,
and have become a controversial topic.

OBJECTIVES: To determine whether ENDS are an effective smoking
cessation tool.

METHODS: A systematic literature search was conducted in February
2015 using the following databases: PubMed, Scopus and Web of Science
Core Collection. Randomized controlled trials were the only publications
included in the search. A secondary search was conducted by reviewing the
references of relevant publications.

RESULTS: After conducting the primary and secondary search, 109 pub-
lications were identified. After applying all inclusion and exclusion criteria
through abstract and full-text review, four publications were included in the
present literature review. A low risk of bias was established for each included
study using the Cochrane Collaboration risk of bias evaluation framework.
DISCUSSION: The primary outcome measured in all studies was self-
reported abstinence or reduction from smoking. In three of the four studies,
self-reported abstinence or reduction from smoking was verified by measuring
exhaled carbon monoxide. In the remaining study, the primary outcome mea-
sured was self-reported desire to smoke and measured desire to smoke. All four
studies showed promise that ENDS are an effective smoking cessation tool.
CONCLUSIONS: While all publications included in the present review
revealed that ENDS are effective smoking cessation aid, further evaluation
of the potential health effects in long-term use of ENDS remains vital.
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Les systemes électroniques de délivrance de
nicotine, un outil efficace d’abandon du tabac?

HISTORIQUIE : Selon les études récentes, 21 % de tous les déces depuis
dix ans sont attribuables au tabagisme, ce qui en fait la principale cause de
déces prématurés au Canada. Jusqu'a présent, de nombreuses mesures ont
été prises pour éradiquer I'épidémie mondiale de tabagisme. Récemment,
les systemes électroniques de délivrance de nicotine (SEDN) sont devenus
un outil populaire d’abandon du tabac. Les SEDN ne briilent ni n’utilisent
de feuilles de tabac, mais vaporisent une solution que le consommateur
inhale. Les principaux éléments de la solution, en plus de la nicotine
lorsque le systéme en contient, sont le propyleneglycol, accompagné ou
non de glycérol et de substances aromatisantes. Les SEDN ne sont pas
réglementés, mais sont devenus controversés.

OBJECTIEFS : Déterminer si les SEDN sont un outil efficace d’abandon du
tabac.

METHODOLOGIE : Les chercheurs ont effectué une analyse bibli-
ographique systématique en février 2015 a I'aide des bases de données suivantes
: PubMed, Scopus et Web of Science Core Collection. Ils ont inclus seulement
les essais aléatoires et controlés dans leur recherche. Dans une recherche sec-
ondaire, ils ont analysé les références des publications pertinentes.
RESULTATS : Aprés avoir terminé les recherches primaire et secondaire,
les chercheurs ont extrait 109 publications. Aprés avoir appliqué tous les
criteres d’inclusion et d’exclusion a I’analyse des résumés et des textes inté-
graux, ils ont intégré quatre publications a la présente analyse bibli-
ographique. A laide du cadre d’évaluation du risque de biais de la
Collaboration Cochrane, ils ont établi que chaque étude s’associait a un
faible risque de biais.

EXPOSE : Le résultat clinique primaire mesuré dans les études était une
abstinence ou une réduction autodéclarée du tabagisme. Dans trois des
quatre études, 'abstinence ou la réduction autodéclarée du tabagisme était
mesurée par le monoxyde de carbone expiré. Dans la derniere étude, le
résultat clinique primaire était le désir autodéclaré de fumer et le désir
mesuré de fumer. Les quatre études ont révélé que les SEDN sont un outil
efficace d’abandon du tabac.

CONCLUSIONS : Toutes les publications incluses dans la présente anal-
yse ont révélé que les SEDN sont des outils d’abandon du tabac, mais il
demeure essentiel d’en évaluer davantage les effets potentiels & long terme
sur la santé.

It has been evident that conventional tobacco smoking is harmful to
the human body since the 18th century. Although there has been a
declining trend in the number of smokers over the past many years, it
is estimated that 21% of deaths are due to smoking and that 5.8 mil-
lion Canadians (approximately 20% of the population) smoke (1). It
is well known that smoking may lead to lung cancer and other respira-
tory diseases (1). Statistics Canada reports that in 2008, there were
19,000 lung cancer deaths in Canada, and that the majority of lung
cancer patients report being current or former smokers (1).

Smoking not only affects individuals inhaling the toxic fumes, but
also affects those that are exposed to secondhand smoke. In 2013, there
were 1,069,994 nonsmoking individuals who reported being exposed
to secondhand smoke at home or almost every day (2). According
to the WHO, “second-hand smoke exposure to adults causes serious

cardiovascular and respiratory diseases, including coronary heart disease
and lung cancer” (3). Secondhand smoke exposure to infants may cause
sudden death. In pregnant women, it causes low birth weight (4). The
WHO reports smoking as a global epidemic (3).

To deter the use of tobacco, in 2007, the WHO initiated a motion in
Canada and the United States to ban tobacco advertisements, promotions
and sponsorships (3). Similarly, since 2008, all provinces in Canada have
illegalized smoking in private vehicles carrying children. Currently, a 33%
reduction in childhood exposure to secondhand smoke has been recorded
(5). Over the past 20 years, many steps have been taken to help limit
tobacco exposure to the general population, as well as to reduce the
attractiveness associated with smoking. Smoking cessation aids were
developed as early as the 1960s (6). Recently, electronic nicotine delivery
systems (ENDS) have become a popular nicotine replacement therapy.
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ENDS, of which electronic cigarettes (ECs) are the most common
prototype, are devices that do not burn or use tobacco leaves but
instead vapourize a solution the user then inhales (6). While ENDS
may not expose smokers to the harmful effects of tars and carbon mon-
oxide (CO), the liquid chemical used in ENDS consist of propylene
glycol, with or without glycerol and flavouring agent (7). The long-
term health exposure to propylene glycol has not been studied, but it
is known that when propylene glycol is heated to high temperatures
toxic compounds such as formaldehyde and acetaldehyde are formed
(8). Moreover, there is currently no research on the long-term health
effects of ENDS and its use has, therefore, become a controversial
topic. ENDS are currently unregulated in many countries and regula-
tions with regard to ENDS have become a topic of significant debate.
Currently, sales of ENDS used for nicotine delivery are illegal in
Canada. On the other hand, ECs that are not used for nicotine deliv-
ery are available for purchase (6).

In fear of potential renormalization of smoking in the younger
population and any unknown long-term health effects, it has been sug-
gested that ENDS should be under strict regulation or even completely
banned (9). It is also estimated that 30% to 50% of ENDS and EC
sales are conducted on the Internet, thus targeting the younger genera-
tions (8). Without having a full understanding of the adverse effects of
nicotine, young adults have turned to ENDS as what they perceive to
be a safer alternative to conventional cigarette smoking (8). According
to the Ontario Drug Use survey, 15% of Ontario high school students
report “ever” trying e-cigars and 27% of smokers currently use ECs (4).
Correspondingly, in April 2014, the United States Food and Drug
Administration announced that ENDS are considered tobacco products
and, therefore, limited access to individuals <18 years of age (8).
Similarly, on March 2009, Health Canada published an alert advising
Canadians not to use ENDS. Health Canada emphasizes that the
added “nicotine is a highly addictive and toxic substance, and the
inhalation of propylene glycol is a known irritant” (10).

Health Canada also advises that smoking these devices may cause
poisoning and also addiction (10). de Bobadilla et al (9) state that
there is “not enough evidence... the long-term effects are unknown,
thus until their potential carcinogenic effect has been determined,
[ENDS] should not be publicized as [carcinogen free]”. The WHO sug-
gests that the potential for nicotine poisoning is a hazard that requires
stricter regulations or a complete ban on refillable ENDS (11). ENDS
that require refilling containers with liquid chemical substances
increase nicotine poisoning reports, often involving children (6). It is
reasonable, therefore, to consider that enhanced regulations restricting
public access to ENDS is needed in light of the known adverse effects
but, most importantly, research on long-term health effects.

Paradoxically, relaxed regulation with respect to ENDS has been
recommended by some. Current research investigating EC used as a
nicotine replacement therapy has proven a substantial lower health
risk compared with smoking traditional combustible cigarettes
(8,12). Sweanor and Selby (13) emphasized “people smoke for the
nicotine but are dying from the smoke”. They further report that
conventional smokers would want to switch to ENDS because the
exposure of tar and CO is eliminated, and personalization is possible;
moreover, individuals using ENDS have the option to choose both
the appearance and the flavour of their ENDS (13). Individuals are
still able to attain the ‘[nicotine] buzz’ and it is more cost effective
compared with conventional smoking (13). ENDS also provides the
“critical sensory-motor cues associated with smoking (hand-to-
mouth action and visual cues)” (14). In an earlier commentary by
Sweanor (15), it is emphasized that “[ENDS] have become the most
popular way to try to stop smoking; the uptake of these products are
associated with increased cessation”. It is of concern that strict regu-
lations pertaining to ENDS may restrict conventional cigarette
smokers from accessing a “healthier” alternative (15). Hajek (12)
suggests that: “in the meantime, clinicians facing smokers who can-
not or do not want to stop smoking and who follow evidence and
common sense rather than ideologically and commercially driven
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agendas should recommend that their patients try several types of
[ENDS] to see if they can find one meeting their needs”.

It is essential to understand that smoking cessation treatment not
only requires the elimination of nicotine dependence, but it also
requires behaviour modification. In a study conducted by Kotz et al (17),
they outline that the most effective smoking cessation technique
involves a combination of smoking cessation aids and also behavioural
support. Moreover, “a combination of the two treatments offers almost a
threefold chance of success over attempts to quit without using a cessa-
tion aid” (16). Given the controversy regarding the impact of the use of
ENDS, the objective of the present systematic review was to determine
whether ENDS constitute an effective smoking cessation tool. Moreover,
the present review sought to determine whether ENDS should be con-
sidered as a possible adjunct to aid in smoking cessation.

METHODS
A primary search was conducted in February 2015 using the following
databases: PubMed, Scopus and Web of Science Core Collection. Key

» » o«

words for the search included “electronic cigarette”, “e-cigarette”, “ciga-

”» o« ” o«

rette vapor”, “electronic nicotine delivery system”, “smoking cessation”,
“electronic cigarette smoking cessation”, “quit smoking” and “tobacco
cessation”. A secondary search was then conducted by reviewing refer-
ences of topic-related articles. All searches excluded non-English publi-
cations and were limited to randomized controlled trials (RCTs). No

limitations with respect to the date of publication were applied.

Study selection

Studies were included in the present systematic review only if they
were RCTs in which the effectiveness of ENDS as a smoking cessation
tool was investigated. All methodologies other than RCTs were
excluded. With respect to the outcome measures of these RCTs, more
specific inclusion/exclusion criteria were not applied to maximize
sensitivity of the search to identify relevant articles. This was particu-
larly important given the limited number of publications expected in
this emerging research area.

Systematic review process

The investigators involved in the present systematic review consisted
of a respiratory therapy student (CL) and a research respiratory ther-
apist (AW). A single investigator (CL) conducted the primary search
and abstract review. Data pertaining to study design, objective, popu-
lation and intervention were extracted by CL and verified by AW.
Articles were selected through abstract review based on confirmation
of the research design and other inclusion criteria. Both investigators
then independently conducted full-text reviews to exclude relevant
publications that did not meet inclusion criteria. Any disagreement
between the investigators were resolved by consensus.

To assess for the risk of bias in included studies, the Cochrane
Collaboration risk of bias evaluation framework was used (18).
Publications were individually appraised by each author in considera-
tion of six factors: adequate sequence generation to ensure that each
study allocated their study groups with a well-known sequence genera-
tion process, allocation concealment was sufficient to determine that
participants could not foresee their group assignment, proper treatment
blinding technique mitigating influences that would impact data out-
comes, accurate reporting of incomplete data, outcome reporting that
ensured researchers did not selectively report their data and evaluation
of any other potential threats to validity. Quality assessment was deter-
mined solely by what was reported in each study. No attempt was made
to contact authors for missing information. The characteristics of each
included publication (design, objective, sample, intervention and pri-
mary findings) were then tabulated for qualitative analysis.

RESULTS
The primary search in three databases (PubMed, Scopus and Web of
Science Core Collection) identified 109 articles. The secondary search
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Figure 1) Search flow diagram outlining the process for citation identification, screening, eligibility and inclusion in the present systematic review

reviewed the references of related articles through which one addi-
tional article was identified. Of the articles retrieved through the pri-
mary and secondary searches, 22 were determined to be duplicate
citations. Through preliminary abstract review, 74 publications were
determined to not be relevant to the research question, and seven
publications were excluded because they did not use an RCT design.
Figure 1 provides an overview of the study selection process. Each of
the four included publications met all requirements for maximum scor-
ing pursuant to the Cochrane Collaborative risk of bias evaluation
framework and are summarized in Table 1.

Characteristics of included studies

Each publication included in the present review examined the ques-
tion of interest: are ENDS an effective smoking cessation aid? All
participants were adults between the ages of 18 and 70 years who had
a smoking history of a minimum of 10 factory-made cigarettes per day.
All four studies examine the effects of ENDS using different devices
that deliver 0 mg to 16 mg of nicotine. In all studies, the degree of
smoking cessation is measured as a primary outcome (14,19-21). All
publications identified participants as either having or not having the
motivation to quit smoking. The intervention of interest in all publi-
cations included the usage of ENDS in replacement of traditional
smoking cessation aids. Further details of individual study characteris-
tics are presented in Table 1.

Summary of included studies

Adriaens et al (14) conducted an eight-month RCT with three arms.
Forty-eight participants were randomly assigned into two ENDS
experimental groups and one control group. The two ENDS experi-
mental groups consisted of two groups using two different types of
ENDS both containing 18 mg nicotine. The control group consisted
of participants who smoked conventional cigarettes. This eight-month
study was divided into two parts. For the first eight weeks, participants
were asked to attend three laboratory sessions where craving and with-
drawal symptoms were measured. ENDS were used after a period of 4
h abstinent from smoking and vaping. The second part of the study
occurred eight weeks after the initial laboratory study was completed.
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The control group became the ‘switch group’, meaning these partici-
pants had the opportunity to use ENDS from there on forward (14).

In the RCT conducted by Bullen et al (19), 40 dependent smokers
of 210 cigarettes per day were included. Participants were instructed to
abstain from smoking and drinking alcohol from the night before the
study. On arrival to the study centre, CO levels were measured. If the
participant’s CO measured <15 parts per million (ppm), they were
included in the study. Participants were randomly assigned using the
Latin-square method. If participants had CO levels >15 ppm, they were
asked to reschedule for a different study day. Individuals randomly
assigned to the ENDS were asked to puff the device as they would a
normal cigarette for 5 min. Participants left the study centre for 8 h and
were instructed to use the device as needed. When participants were
randomly assigned to nicotine inhalator use, they were asked to puff on
the inhalator for 20 min in the first hour. Thereafter, they were
instructed to use it as necessary while away from the study centre for the
next 8 h. Finally, when participants were randomly assigned to smoking
conventional cigarettes, they were asked to smoke as usual for 5 min in
the first hour. After leaving the study centre for 8 h, the participants
were instructed to smoke freely as they wished (19).

Bullen et al (20) compared ENDS with nicotine patches to deter-
mine which smoking cessation tool was more effective. In this RCT,
657 individuals were randomly assigned using computerized block
randomization and block size nine by a 4:4:1 ratio of nicotine ENDS
(16 mg nicotine), nicotine patches and ENDS placebos (0 mg nico-
tine). Participants allocated to ENDS were instructed to use them as
desired from one week before until 12 weeks after their chosen quit
day. Those allocated to nicotine patches were instructed to use patches
daily from one week before until 12 weeks after their chosen quit day,
consistent with smoking cessation guidelines. The primary outcome was
self-reported continuous smoking abstinence over the entire follow-up
period. Smoking <5 cigarettes total was considered to be a continuous
absence from smoking (20).

Caponnetto et al (21) conducted a three-arm double-blind RCT.
Three hundred participants were included in the study. They were
randomly assigned into three study groups: group A received a 7.2 mg

ENDS, group B used a 7.2 mg ENDS for one-half the allocated time
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TABLE 1

Characteristics of studies that are included in the present systematic review

Author, year

Type of intervention,

(reference) Relevant objective of study Sample type (amount of nicotine) Primary findings
Adriaens et al, To investigate the efficacy of 48 participants; smoked a 1) Kanger T2-CC* ENDS - First laboratory session, after use of EC and
2014 (14) ENDS both in terms of acute minimum of 10 factory-made (18 mg/mL) previous 4 h of abstinence resulted in reduc-
craving reduction in the labora- cigarettes for the past three 2) Joyetech eGo-Ct tion in cigarette craving, same magnitude as
tory and in terms of sustained years and no present motive (18 mg/mL) when cigarette was smoked
smoking reduction and to to quit smoking - After 2 months, 34% of EC groups had

assess the experienced
benefits and complaints

Bullen et al, To measure the short-term effects 40 participants; smoked at
2010 (19) of an electronic nicotine delivery  least 10 cigarettes a day for
device on desire to smoke and the past year and no present
withdrawal symptoms motive to quit smoking
Bullen et al, To assess whether ENDS with 657 participants; smoked
2013 (20) cartridges containing nicotine 210 cigarettes per day for

were more effective for smoking  the past year with motives
cessation than nicotine patches;  to quit smoking

included a blind comparison with

ENDS containing no nicotine

(placebo ENDS)

Caponnetto et al, To evaluate smoking reduction, 300 participants; smoked
2013 (21) smoking abstinence and 210 factory-made cigarettes
adverse events in smokers not per day for at least five years,
intending to quit experimenting and no present motivation to
two different nicotine strengths quit smoking
of popular ENDS”

stopped smoking tobacco cigarette versus
0% in control group

After 5 months, (switch over in place),

EC group showed 37% total quit rate, and
38% quit rate in control group after initiating
EC usage

After 8 months, overall 60% reduction in the
number of cigarettes smoked per day

After 8 months, reduction or complete absti-
nence from tobacco smoking was achieved
with the EC in 44% of participants

1) ENDD (16 mg) Over 60 min, participants using 16 mg ENDD
2) Placebo electronic recorded 0.82 units less desire to smoke than

nicotine delivery device  the placebo ENDD (P=0.006).
(0 mg) * No change in desire to smoke between
3) Nicotine inhalator. 16 mg ENDD versus inhalator. ENDS showed
4) Normal factory-made more pleasant to use than inhalator
cigarettes (P=0.016) and produced less irritation of
mouth throat (P<0.001)
1) ENDS (16 mg) « At 6 months, verified abstinence was 7.3%
2) Nicotine patches (21 of 289) with nicotine EC, 5.8% (17 of 295)
(21 mg) with patches and 4.1% (3 of 73) with placebo

EC. RD for nicotine EC versus patches 1.51
(95% Cl —2.49 to 5.510, and for nicotine EC
versus placebo EC 3.16 (95% Cl —2.29 to 8.61).
7-day point prevalence abstinence: A difference
in favour of nicotine EC; however, was not sig-
nificant at the 6-month post quit date. Repeated
measurement at 1 month showed a benefit of
nicotine EC compared with patches

3) Placebo ENDS
(0 mg)

1) Original EC Decrease in tobacco cigarettes/day use and

(7.2 mg) eCO levels were observed at each study visits
2) Categoria EC (5.4 mg) in all three study groups compared with baseline
(P<0.001), no consistent differences among
study groups. Complete abstinence from tobacco
smoking was documented in 22.3% and 10.3%
at week 12 and week 52

3) Placebo (0 mg)

*Shenzhen Kanger Technology Co, Ltd,China; TShenzhen Joytech Co, Ltd, China. EC Electronic cigarette; eCO Exhaled carbon monoxide; ENDS Electronic nicotine

delivery systems; RD Risk difference

and a 5.2 mg ENDS for the other one-half, and group C was supplied
with a O mg ENDS. Participants were instructed to use the ENDS as
desired for up to a maximum of four cartridges per day, as recom-
mended by the manufacturer, in the anticipation of reducing the
number of cigarettes smoked per day. The study consisted of a baseline
visit and eight follow-up visits for a total of nine visits. The follow-up
visits occurred at week 2, week 4, week 6, week 8, week 10, week 12,
week 24 and week 52. At the baseline visit, smoking history and base
exhaled (e) CO levels were taken. Primary measures included three
categories: reducer, which included participants who self-reported
>50% reduction in the number of cigarettes per day from baseline;
quitter, which included participants who self-reported abstinence from
tobacco smoking entirely with a demonstrated eCO <7 ppm; and fail-
ure, which included participants who failed to meet either reducer or
quitter criteria.
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DISCUSSION

Quit rate and smoking reduction

Adriaens et al (14) demonstrated a quit rate of 34% in the ENDS
group with no significant changes in smoking behaviour in the con-
trol group. When looking at the quit rate three months after the
study was completed, there was a 37% quit rate in the ENDS groups
and a 38% quit rate in the ‘switch’ group (three months after initia-
tion of ENDS). Likewise, 6% of the participants showed a reduction
in cigarette usage of >80%, 10% showed a reduction of >50%, and
the remaining 46% were smoking >50% of their baseline use of con-
ventional cigarettes. Adriaens et al (14) also reported that the over-
all average number of cigarettes smoked per day in the initial (before
the switch group) EC groups decreased by approximately 77%, which
equates to mean (+ SD) of 4.7+6.5 cigarettes compared with the
baseline measurement of 20.38+8.01 cigarettes measured at intake.
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When examining all participants after the switch group took place,
there was a >60% decrease in the number of cigarettes compared with
baseline measurements.

In the study conducted by Bullen et al (20), verified abstinence at
six months after the set quit day was 7.3% in the ENDS group, fol-
lowed by 5.8% in the patch group and 4.1% in the placebo ENDS
group. The risk difference for nicotine EC versus patches was 1.51
(95% CI -2.49 to 5.51) and for the nicotine EC group versus placebo
EC group, it was 3.16 (95% CI -2.29 to 8.61). The achieved rates of
abstinence were lower than anticipated by the researchers, and provided
insufficient statistical power to conclude the superiority of nicotine EC
versus the nicotine patches or the placebo EC. Despite these limitations,
it is interesting to note that, among those participants who relapsed
within 50 days, the nicotine EC group relapsed after a median time of 35
days (95% CI 15 to 56), which was more than twice as long as in the
patch group (14 days, 95% CI 8 to 18, P<0.001) or placebo EC group
(12 days, 95% CI 5 to 34, P=0.09) (20). The researchers also found that
among the nicotine EC group, 57% of participants showed a reduction
in number of daily cigarettes by at least one-half the original amount at
the six-month marker. This was significantly greater in proportion com-
pared with those in the patch group (41%; P=0.002) and nonsignifi-
cantly higher than in the placebo EC group (45%, P=0.08) (20).

Similarly, Caponnerro et al (12) demonstrated an overall reduction
in smoking of 33% and a complete abstinence from smoking at week 12,
and a 19.0% reduction at week 52 in all study arms. The mean overall
cigarette per day consumption at baseline was 21.4 cigarettes per day,
and at week 52 consumed cigarettes decreased to 13.9 cigarettes per day
(P<0.0001). By completion of the study, 26.9% of quitters were still
using ENDS and 73.1% of the quitters were completely free from
smoking conventional cigarettes.

Desire to smoke and withdrawal symptoms

In three studies, desire to smoke and withdrawal symptoms were
recorded. Adriaens et al (14) found that at the start of session 1, par-
ticipants, on average, rated their craving for a cigarettes using the
Minnesota Withdrawal Score (MNWS) at 7.01 (range O to 10). After
5 min of smoking or vaping using their allocated product, there was a
clear decrease in craving compared with the start of the session
(P<0.001). The degree of decreased craving was measured to be the
same for all groups at 3.28+2.54. The same observations were made for
session 2 and session 3, where the decrease in craving was less pro-
nounced in the ENDS group than compared with the control group
(conventional smoking). In all sessions, among all groups, there was a
decrease in withdrawal symptoms from the start of the session to after
5 min of smoking or vaping (all P<0.001). The Minnesota Withdrawal
Score was unchanged after 5 min of vaping or smoking to the end of
all sessions (P>0.05).

Bullen et al (19) showed that after a 60 min period, participants
using the 16 mg ENDS recorded a 0.81 unit less desire to smoke than
the placebo ENDS (P=0.006). There was no difference in desire to
smoke recorded between the 16 ENDS and inhalator. ENDS were
reported as more pleasant to use compared with the inhalator
(P=0.016) and produced less irritations of mouth and throat (P<0.001).
A greater reduction in desire to smoke in the conventional smoking
group compared with the ENDS group (P<0.0001) and nicotine inhal-
ator group (P=0.001) was also reported. Over a 60 min period, the
16 mg ENDS group showed a greater reduction rating in irritability
(P=0.48), restlessness (P=0.10) and difficulty concentrating (P=0.26)
than the 0 mg ENDS group; these differences were not statistically
significant when adjusted for multiple comparisons. When comparing
the 16 mg ENDS with the inhalator, there was no difference in with-
drawal symptoms, whereas conventional cigarette usage showed
greater reduced withdrawal ratings compared with all groups.

Product satisfaction

As a secondary measurement, all four studies measured product satis-
faction. Adriaens et al (14) measured product satisfaction by asking
participants to list complaints and benefits of their product. When
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comparing the ENDS group with the control (conventional cigarette)
group, comments were much more positive about the ENDS (P<0.001).
Throughout the study, the ENDS group showed an upward trend in
experiencing benefits as compared with the control group, where no
increase in benefits were noted. Likewise, Bullen et al (19) found that
there was a higher pleasantness rating when comparing the 16 mg
ENDS with the inhalator (P=0.016). Based on a visual analogue score
(VAS) rating, where 0 = not at all and 10 = extremely, Bullen et al
found that the 16 mg ENDS group showed a higher level of recom-
mendation to a friend (six of 10) compared with the nicotine inhalator
group (four of 10) and the O mg ENDS group (five of 10). Also, those
using ENDS, whether with 0 mg of nicotine or 16 mg of nicotine,
showed a higher score for recommendation to a friend when compared
with the nicotine inhalator group. However, the product satisfaction
ratings based on the VAS score showed similarities between the 16 mg
ENDS and the nicotine inhalators, both scoring a three of 10. ENDS
were shown to be the most preferable alternative to cigarettes: “58% of
participants said they preferred the ENDS, 25% preferred the inhalator
and 13% liked neither.”

Similarly, Bullen et al (20) found that at the one-month marker,
88% of those participants in the ENDS group and 92% of those in the
placebo ENDS would recommend their allocated device to a friend
wanting to quit. Compared with the participants in the nicotine patch
group, 50% would recommend their product to a friend. At the six-
month marker, there was a slight variation in recommendation to
85%, 88% and 50%, respectively. In contrast, the study conducted by
Caponnetto et al (21) found no significant difference for product satis-
faction among the three study groups. At weeks 12, 24 and 54, median
VAS values for satisfaction were 4 (group A), 4 (group B) and 3 (group
C). Participants were inclined to recommend their product to friends
who were thinking about quitting. Median VAS score at weeks 12, 24
and 54 were 7, 7 and 6, respectively. No significant difference was
found among the three groups. Throughout the four studies, the big-
gest concern with ENDS was related to technical malfunction in
operation or production of vapor (14,19-21).

Adverse events

No serious adverse events (eg, deaths or events requiring hospitaliza-
tion) were reported by any of the included publications (14,19-21).
Minor adverse events were reported in only one publication. Bullen et
al (19) described that 88% of the nicotine inhalator users reported
mouth and throat irritation. When comparing mouth and throat irri-
tation among the three groups, statistical significance was noted
(P<0.001). Nausea was more commonly reported after using the 16 mg
ENDS, but not with any level of significance.

Limitations

In the Adriaens et al (14) study, some limitations were acknowledged.
At the time of the study, ENDS could not be purchased in Belgium
(where the study occurred) and participants were forced to purchase
ENDS online.This limitation decreased the ease in obtaining ENDS;
thus, this could be one of the possible explanations for the decrease
in quit rates.

In the study conducted by Bullen et al (19), two applicable limita-
tions were identified. Most participants saw and handled an ENDS for
the first time at the study laboratory, so there was no familiarization
period for participants to get use to the ENDS, and no testing was
conducted for normal function of the products. This limitation could
affect the participants’ rating for desire to smoke as well as product
satisfaction. Second, during baseline measurements, low desire to
smoke levels were reported; thus, a limited degree of observable
change may have occurred (19).

In the study conducted by Bullen et al (20), one major limita-
tion outlined by the researchers showed that participants might have
agreed to participate in this study due to the interest in ENDS, but
when assigned to the nicotine patch group, some participants may have
withdrawn from the study due to their allocation. Likewise, another
limitation outlined in this study showed that the abstinence rate might
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be considered inadequate due to the fact that there was inadequate nico-
tine replacement. Some nicotine cartridges may contain or deliver less
nicotine than indicated by the label. Those that received a lower dosage
may have self-reported more withdrawal symptoms compared with those
receiving a greater dosage. Co-intervention bias was also noticed in this
study. All participants in this study were referred to a quitline whose
telephone-based behavioural support services were made available to
participants. Usage of the quitline was monitored but was not reported.
Those participants who did use the quitline more often may have felt
more inclined to quit smoking as compared to those participants who
did not use or used the support minimally.

Caponnetto et al (21) identified two key limitations. The study
design was unusual in that participants had no desire to quit smoking;
thus, direct comparison using this study to other smoking cessation
aids is not justifiable. Secondly, the ENDS model (model 401) used in
this study is discontinued from production, due to underperformance
compared with other ENDS models. However, when the researchers
ran their study, model 401 was the only available ENDS model.

In general, reoccurring limitations were identified in most of the
studies. Among all four studies, recall bias was identified (14,19-21).
Outcome measures were self-reported; thus, participants may have
recalled positive memories more than negative ones, thereby favouring
the results of the study, although most self-report was verified by measur-
ing eCO level. Similarly, all four studies used some form of a survey or
questionnaire to measure baseline values, desire to smoke and with-
drawal symptoms. Surveys and questionnaires offer limitations where it
is unknown whether participants were able to interpret the questions as
intended or whether participants answered questions truthfully.

CONCLUSION

Based on the current available literature, ENDS may constitute an
effective smoking cessation tool. In the studies included in the present
systematic review, smoking cessation was measured through self-
reported smoking reduction, complete smoking abstinance, level of
desire to smoke and level of withdrawal symptoms. It is interesting to
note that a majority of the studies reported in the present review
included participants that initially had no desire to quit smoking.
Despite this, all studies reported a significant increase in smoking
reduction or complete smoking cessation.

Based on the four studies included in the present review, ENDS
have the potential to eliminate the harmful effects of tobacco smok-
ing. In interpreting these results, it is important to note that the
present systematic review did not seek to develop an understanding of
the long-term effects of ENDS. Health care professionals may, there-
fore, want to be cautious of promotion of the tool. It is also essential to
be mindful that smoking addictions are not only a chemical addiction
but also a behavioural issue, both of which truly comprehensive cessa-
tion strategies that involve a combination of smoking cessation aids
and behavioural support typically aim to address.

Areas of investigation that could provide useful understanding on
the topic of ENDS in the future include health effects related to long-
term use of ENDS, and long-term population studies to discover how
ENDS may influence uptake of smoking habits in younger populations
and the impact of second hand exposure to ENDS smoke. With respect
to the regulation of ENDS; there will be value in considering regulations
that can support safe use of ENDS. ENDS have only recently become
popularized; hence, a significant amount of research is required for a
more thorough understanding on ENDS to support informed decision
making by the public, clinicians and policy makers.
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