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IMPORTANCE Electronic cigarettes (e-cigarettes) for smoking cessation remain controversial.

OBJECTIVE To evaluate e-cigarettes with individual counseling for smoking cessation.

DESIGN, SETTING, AND PARTICIPANTS A randomized clinical trial enrolled adults motivated
to quit smoking from November 2016 to September 2019 at 17 Canadian sites (801
individuals screened; 274 ineligible and 151 declined). Manufacturing delays resulted in early
termination (376/486 participants, 77% of target). Outcomes through 24 weeks (March
2020) are reported.

INTERVENTIONS Randomization to nicotine e-cigarettes (n = 128), nonnicotine e-cigarettes
(n = 127), or no e-cigarettes (n = 121) for 12 weeks. All groups received individual counseling.

MAIN OUTCOMES AND MEASURES The primary end point was point prevalence abstinence
(7-day recall, biochemically validated using expired carbon monoxide) at 12 weeks, changed
from 52 weeks following early termination. Participants missing data were assumed to be
smoking. The 7 secondary end points, examined at multiple follow-ups, were point
prevalence abstinence at other follow-ups, continuous abstinence, daily cigarette
consumption change, serious adverse events, adverse events, dropouts due to adverse
effects, and treatment adherence.

RESULTS Among 376 randomized participants (mean age, 52 years; 178 women [47%]), 299
(80%) and 278 (74%) self-reported smoking status at 12 and 24 weeks, respectively. Point
prevalence abstinence was significantly greater for nicotine e-cigarettes plus counseling vs
counseling alone at 12 weeks (21.9% vs 9.1%; risk difference [RD], 12.8 [95% CI, 4.0 to 21.6])
but not 24 weeks (17.2% vs 9.9%; RD, 7.3 [95% CI, –1.2 to 15.7]). Point prevalence abstinence
for nonnicotine e-cigarettes plus counseling was not significantly different from counseling
alone at 12 weeks (17.3% vs 9.1%; RD, 8.2 [95% CI, –0.1 to 16.6]), but was significantly greater
at 24 weeks (20.5% vs 9.9%; RD, 10.6 [95% CI, 1.8 to 19.4]). Adverse events were common
(nicotine e-cigarette with counseling: 120 [94%]; nonnicotine e-cigarette with counseling: 118
[93%]; counseling only: 88 [73%]), with the most common being cough (64%) and dry
mouth (53%).

CONCLUSIONS AND RELEVANCE Among adults motivated to quit smoking, nicotine
e-cigarettes plus counseling vs counseling alone significantly increased point prevalence
abstinence at 12 weeks. However, the difference was no longer significant at 24 weeks, and
trial interpretation is limited by early termination and inconsistent findings for nicotine and
nonnicotine e-cigarettes, suggesting further research is needed.
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T he long-term health effects of inhaling combustible to-
bacco are well established, and many individuals who
smoke cigarettes have tried to quit.1 In a US survey study

conducted in 2010-2011 (response rate, 63%) of 8263 persons
who reported having made a quit attempt in the past year, even
with the use of at least 5 weeks of pharmacologic and/or be-
havioral therapy, more than 70% reported having returned to
smoking.2 Many smokers have adopted the use of electronic
cigarettes (e-cigarettes) to attempt to quit. However, the effi-
cacy of e-cigarettes for smoking cessation remains controver-
sial. A small number of clinical trials using e-cigarettes has been
reported, some suggesting modest improvements in various
smoking outcomes with e-cigarette use.3-11 Nevertheless, data
concerning smoking abstinence with e-cigarette use among
motivated quitters in the general population are limited, par-
ticularly with respect to e-cigarettes alone (rather than in com-
bination with an approved cessation therapy). Therefore, ad-
ditional data are needed concerning the short-term use of
e-cigarettes for smoking cessation.

Methods
Study Design and Population
The methods of the E3 Trial (Evaluating the Efficacy of
e-Cigarette Use for Smoking Cessation) have been previously
described,12 and the protocol, including statistical analysis plan,
is provided in Supplement 1. This study was a multicenter ran-
domized clinical trial examining the efficacy of e-cigarettes for
smoking cessation in a general population. The trial was con-
ducted according to all applicable regulatory requirements, in-
cluding approval by the research ethics boards of participat-
ing centers, and written informed consent of participants.
Individuals who were 18 years of age and older, smoked a mean
of 10 cigarettes or more per day, and had a moderate or strong
desire and intention to attempt to quit (Motivation to Stop Scale
level 5 or higher13) were enrolled from November 2016 to
September 2019 at 17 centers in Canada (Figure 1). We ex-
cluded individuals who had used a smoking cessation therapy
in the past 30 days, an e-cigarette in the past 60 days, or had
ever used an e-cigarette for 7 days consecutively or more. Other
exclusion criteria included a history of bipolar disorder, psy-
chosis, or schizophrenia; current cancer or in remission for less
than 1 year; condition with a prognosis of less than 1 year; less
than 1 month following a major cardiac event; or use of non-
cigarette tobacco products or marijuana smoking. Self-
reported information on race/ethnicity (White/Black/other) was
collected at baseline (after randomization) because these data
have the potential to improve the understanding of dispari-
ties in health and research participation.

Participants were randomized to 1 of 3 treatment groups:
(1) nicotine e-cigarettes plus counseling, (2) nonnicotine
e-cigarettes plus counseling, or (3) counseling alone. Indi-
vidual counseling was selected as the comparator to provide
good assay sensitivity for the primary and secondary out-
comes, while ensuring that all participants received evidence-
based therapy. The nonnicotine e-cigarettes plus counseling
group was included to examine the behavioral aspect of

e-cigarettes. Eligible participants were randomized via an on-
line central randomization system. The system used a com-
puter-generated randomization list containing permuted
blocks of 6 and 9, stratified by center. Participants, investiga-
tors, and study personnel were blinded to nicotine content in
the e-cigarette groups. Due to a prolonged and unforeseen de-
lay in e-cigarette manufacturing, enrollment was paused on
September 27, 2019, and then terminated on November 14,
2019. Given reduced power, the timing of the primary end point
was changed from 52 weeks to 12 weeks on December 4, 2019
(rationale has been previously described12 and is provided in
the eMethods in Supplement 2).

Interventions
Participants randomized to e-cigarettes were supplied with 12
weeks of e-cigarettes (eFigure in Supplement 2). e-Cigarettes
consisted of a rechargeable base with prefilled, disposable, to-
bacco-flavored liquid cartridges (15 or 0 mg nicotine/mL),
which were produced specifically for use in clinical studies
(purchased from NJOY Inc, Scottsdale, Arizona). At baseline,
participants received 21 cartridges, with additional car-
tridges supplied as needed to complete the treatment period.
Nicotine and nonnicotine e-cigarettes were identical in ap-
pearance. Participants were instructed to use their e-cigarettes
as desired because the number of sessions and puffs was ex-
pected to vary based on individuals’ habits and level of nico-
tine dependence. The protocol did not specify a schedule for
e-cigarette tapering given individual variability in use; how-
ever, participants were aware that they would return their
e-cigarettes after 12 weeks.

Participants received individual smoking cessation and re-
lapse prevention counseling (minimum 30 minutes at base-
line, 10 minutes during telephone follow-ups, and 15-20 min-
utes at clinic visits). Trained research personnel provided
counseling using a number of approaches (eg, development/
revision of a quit plan, encouragement of self-monitoring, re-
view of triggers and challenges, coping skills).12 Participants
randomized to e-cigarettes were asked about e-cigarette use
and counseled regarding adherence and challenges with use.
Quit plans were individualized; therefore, participants were
not required to quit immediately at the baseline visit (eg, par-
ticipants could choose to gradually reduce conventional ciga-
rette smoking over the treatment period).

Key Points
Question What is the effect of e-cigarettes, added to individual
counseling, on smoking cessation?

Findings In this randomized clinical trial that was terminated early
after enrolling 376 of a planned 486 participants, individuals
randomized to nicotine e-cigarettes plus counseling, compared
with counseling alone, had significantly greater 7-day point
prevalence abstinence at 12 weeks (21.9% vs 9.1%, respectively),
although the difference was no longer statistically significant
at 24 weeks.

Meaning Interpretation is limited by early trial termination, and
further research is needed regarding long-term efficacy of
e-cigarettes for smoking cessation.
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Follow-up
Follow-up was conducted by telephone at weeks 1, 2, 8, and
18, and at clinic visits at weeks 4, 12, 24, and 52. Self-reported
smoking (7-day recall), adherence, and adverse events (AEs)
were assessed during follow-up contacts. In addition to the
Fagerström Test for Nicotine Dependence (FTND; completed
at baseline to assess nicotine dependence),14 participants
completed the Glover-Nilsson Smoking Behavioral Question-
naire (to assess behavioral dependence on smoking)15 and
the Beck Depression Inventory II (BDI-II; to assess depressive
symptoms) during clinic visits.16 At clinic visits, self-reported
smoking abstinence was biochemically validated using
exhaled carbon monoxide level of 10 ppm or less (Micro 3
and 4 Smokerlyzer, Bedfont Scientific Ltd, Rochester, United
Kingdom).17 For visits that would otherwise not be com-

pleted (eg, participants unwilling or unable to complete
follow-up), we requested minimal high-priority data only (vi-
tal and smoking status, and serious AEs [SAEs]). If it was not
possible to collect any data, participants were considered lost
to follow-up.

End Point Assessment
The primary end point was point prevalence smoking absti-
nence at 12 weeks following randomization, defined as self-
reported abstinence in the past 7 days with exhaled carbon
monoxide level of 10 ppm or less. The 7 secondary end points,
examined at multiple follow-ups, were point prevalence ab-
stinence at other follow-ups, continuous abstinence, daily ciga-
rette consumption change from baseline at all follow-ups
(1, 2, 4, 8, 12, 18, 24, and 52 weeks), SAEs, AEs, dropouts due

Figure 1. Randomization and Follow-up of Study Participants

425 Excludeda

151 Refused participation
91 e-Cigarette use in the past 60 d or ever

use >7 d consecutively
69 Precluding medical conditionb

61 Use of noncigarette tobacco products
or marijuana

46 Not motivated to quit
38 Current use of a smoking cessation therapy
30 Smoking <10 cigarettes/d
21 Not available for follow-up
20 Recent use of illegal drugs
5 Other reasonsc

128 Randomized to receive nicotine
e-cigarettes plus counseling
128 Received nicotine e-cigarettes

plus counseling

128 Followed up at 12 wkd

100 Self-reported and exhaled 
carbon monoxide

13 Self-reported
3 Vital statuse

12 Lost to follow-up
8 Withdrew
4 Could not be reached

128 Followed up at 24 wkd

90 Self-reported and exhaled 
carbon monoxide

17 Self-reported
5 Vital statuse

16 Lost to follow-up
13 Withdrew
3 Could not be reached

801 Individuals screened

376 Randomized

127 Randomized to receive nonnicotine
e-cigarettes plus counseling
127 Received nonnicotine e-cigarettes

plus counseling

127 Followed up at 12 wkd

91 Self-reported and exhaled 
carbon monoxide

13 Self-reported
9 Vital statuse

14 Lost to follow-up
12 Withdrew
2 Could not be reached

127 Followed up at 24 wkd

75 Self-reported and exhaled 
carbon monoxide

26 Self-reported
8 Vital statuse

18 Lost to follow-up
14 Withdrew
4 Could not be reached

121 Randomized to receive counseling alone
121 Received counseling alone

121 Followed up at 12 wkd

65 Self-reported and exhaled 
carbon monoxide

17 Self-reported
9 Vital statuse

30 Lost to follow-up
27 Withdrew
3 Could not be reached

121 Followed up at 24 wkd

55 Self-reported and exhaled 
carbon monoxide

15 Self-reported
15 Vital statuse

36 Lost to follow-up
31 Withdrew
5 Could not be reached

e-Cigarette indicates electronic cigarette.
a Subgroups sum to greater than 425 because screened individuals could have

more than 1 reason for exclusion.
b Precluding medical conditions included history of psychosis, schizophrenia, or

bipolar disorder (n = 35; 6%); current cancer or in remission for less than 1 year
(n = 22; 4%); condition with a prognosis of less than 1 year (n = 7; 1%); and less
than 1 month following a major cardiac event (n = 5; 1%).

c Other reasons included pregnant/lactating women (n = 3; 0.5%) and unable
to provide informed consent in English or French (n = 2; 0.3%)

d Includes all participants. Participants were analyzed according to the group to
which they were randomized. Participants who were lost to follow-up or
withdrew were assumed to have returned to smoking at their baseline level.

e For participants who were lost to follow-up, vital status was obtained if
possible from medical record review or alternate contact.
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to AEs, and treatment adherence. Follow-up for 52 weeks was
completed in September 2020 but outcomes through 24 weeks
(March 2020) are reported herein. Continuous abstinence was
defined as self-reported abstinence at all follow-ups since base-
line, with exhaled carbon monoxide level of 10 ppm or less at
clinic visits. SAEs were adjudicated by an end points evalua-
tion committee, and the trial was monitored by an external data
and safety monitoring board, which conferred before enroll-
ment of the first participant and every 6 months thereafter.

Power and Sample Size Calculations
The original sample size of 486 (162 participants/group) was
estimated to have more than 80% power to detect a 12% or
greater absolute difference in point prevalence abstinence at
52 weeks (2-tailed α of .05), assuming an abstinence rate of
10% for counseling alone. While smaller differences may be
clinically relevant, 12% was selected as the smallest differ-
ence feasible to evaluate. This treatment effect is consistent
with other general population trials of nicotine replacement
therapies (NRTs).18 Because the estimate of power at 52
weeks was less than 68% due to early termination, the timing
of the primary end point was changed to 12 weeks (eMethods
in Supplement 2).

Statistical Analyses
Participants were analyzed according to their group of ran-
domization. Similar to other smoking cessation trials, analy-
ses assumed that participants who withdrew or were lost to
follow-up returned to smoking at their baseline level. Descrip-
tive analyses examined baseline characteristics, e-cigarette ad-
herence, blinding, self-reported use of nonstudy cessation
therapies, AEs, and SAEs. Discrete data were described using
counts and proportions. Continuous data were described using
means and SDs or, in the presence of skewed distributions, me-
dians and interquartile ranges.

The primary analysis compared point prevalence absti-
nence at 12 weeks for nicotine e-cigarettes plus counseling vs
counseling alone. Secondary analyses compared the other
groups in pairwise comparisons. Point prevalence absti-
nence, continuous abstinence, and change in daily cigarette
consumption were evaluated at all follow-ups. For each pair-
wise comparison, risk differences (RDs) with corresponding
95% CIs were calculated based on the binomial distribution.
Statistical significance was defined as a CI not including the
null value. Given the potential for type I error due to multiple
comparisons, analyses of secondary end points are consid-
ered exploratory.

We conducted prespecified sensitivity analyses to exam-
ine the effect of our assumption that participants who with-
drew or were lost to follow-up returned to smoking: (1) a com-
plete case analysis and (2) multiple imputation to impute
missing smoking abstinence and reduction data. Multiple im-
putation was performed using the fully conditional specifica-
tion approach with 5 imputed data sets and results combined
using the Rubin rules (eMethods in Supplement 2). Other pre-
specified sensitivity analyses examined the effect of imbal-
ances in baseline participant characteristics using multiple lo-
gistic regression models to estimate odds ratios and 95% CIs

for point prevalence abstinence at 12 and 24 weeks, adjusting
for characteristics for which the absolute value of the stan-
dardized difference was 0.1 or greater. We conducted addi-
tional post hoc analyses: (1) to examine potential clustering by
site using generalized linear mixed models with a random ef-
fect for site to estimate odds ratios and 95% CIs for point preva-
lence abstinence at 12 and 24 weeks, and (2) to compare the
baseline characteristics of participants with self-reported smok-
ing data at 12 weeks (primary end point) with those of partici-
pants without self-reported smoking data. Statistical analy-
ses were performed using SAS statistical software (version 9.4;
SAS Institute).

Results
Baseline Characteristics
A total of 376 participants (77% of 486 target sample size) were
randomized (mean [SD] age, 52 [13] years; 47% women)
(Table 1). Participants smoked a mean (SD) of 21 (11) ciga-
rettes/d at baseline for a mean (SD) of 35 (14) years. Most had
previously tried to quit (91%), had used pharmacologic or be-
havioral therapy (80%), and had at least moderate FTND-
defined nicotine dependence (83%) and Glover-Nilsson–
defined dependence on smoking behaviors (83%). Baseline
characteristics were generally well-balanced between the study
groups, with the most prominent difference in participants hav-
ing previously tried an e-cigarette (43%, 38%, and 27% of the
nicotine e-cigarettes plus counseling, nonnicotine e-cigarettes
plus counseling, and counseling alone groups, respectively).

Smoking Abstinence and Reduction
Self-reported smoking data were available for 299 (80%) and
278 (74%) participants at 12 and 24 weeks, respectively
(Figure 1). Among participants who self-reported no smoking
in the past week, abstinence was biochemically validated for
53 of 61 (87%) and 46 of 60 (77%) participants at 12 and 24
weeks, respectively. All reported comparisons not labeled pri-
mary are prespecified secondary analyses. Inferential statis-
tics are provided for all smoking abstinence and reduction com-
parisons in eTables 1-3 in Supplement 2.

At the primary end point of 12 weeks, 7-day point preva-
lence abstinence was significantly greater among partici-
pants randomized to nicotine e-cigarettes plus counseling com-
pared with counseling alone (21.9% vs 9.1%; RD, 12.8 [95% CI,
4.0 to 21.6]) (Figure 2A). This difference was no longer statis-
tically significant at 24 weeks (17.2% vs 9.9%; RD, 7.3 [95% CI,
–1.2 to 15.7]). There was no statistically significant difference
in point prevalence abstinence between participants random-
ized to nonnicotine e-cigarettes plus counseling compared with
counseling alone at 12 weeks (17.3% vs 9.1%; RD, 8.2 [95% CI,
–0.1 to 16.6]). However, nonnicotine e-cigarettes plus coun-
seling significantly increased abstinence, compared with coun-
seling alone, at 24 weeks (20.5% vs 9.9%; RD, 10.6 [95% CI,
1.8 to 19.4]). There were no significant differences in point
prevalence abstinence between the nicotine and nonnicotine
e-cigarettes plus counseling groups at 12 weeks (21.9% vs 17.3%;
RD, 4.6 [95% CI, –5.2 to 14.3]) or 24 weeks (17.2% vs 20.5%;
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Table 1. Baseline Characteristics of Participants by Treatment Group

Characteristic

No. (%)

Nicotine
e-cigarettes plus
individual
counseling
(n = 128)

Nonnicotine
e-cigarettes plus
individual
counseling
(n = 127)

Individual
counseling alone
(n = 121)

Demographic characteristics

Age, mean (SD), y 53 (13) 52 (13) 53 (12)

Sex

Male 63 (49) 71 (56) 64 (53)

Female 65 (51) 56 (44) 57 (47)

Self-reported race/ethnicity

White 120 (94) 111 (87) 104 (86)

Black 1 (1) 7 (6) 3 (2)

Othera 7 (6) 9 (7) 14 (12)

Education

More than high school 80 (63) 79 (62) 74 (61)

Smoking characteristics

Years smoked, mean (SD) 35 (14) 35 (14) 35 (13)

Cigarettes/d at baseline, mean (SD) 21 (9) 21 (11) 21 (11)

Previously attempted to quit 116 (91) 118 (93) 108 (89)

No. of serious attempts to quit, median (IQR) 2 (1-5) 2 (1-4) 3 (1-4)

Previously used abstinence aids for smoking cessationb 101 (79) 100 (79) 99 (82)

Previously tried an e-cigarette 55 (43) 48 (38) 33 (27)

Other smoker(s) at home 40 (31) 45 (35) 36 (30)

Other lifestyle characteristics

Body mass index ≥30c 48 (38) 46 (36) 45 (37)

Alcoholic drinks/wk, mean (SD) 4 (6) 4 (8) 3 (5)

Questionnaires

Motivation to Stop Scaled n = 128 n = 127 n = 121

Mean score (SD) 6.0 (0.8) 6.1 (0.8) 6.3 (0.8)

5 (“I want to stop smoking and hope to soon”) 41 (32) 38 (30) 30 (25)

6 (“I really want to stop smoking and intend to in the next 3 months”) 45 (35) 39 (31) 28 (23)

7 (“I really want to stop smoking and intend to in the next months”) 42 (33) 50 (39) 63 (52)

Fagerström Test for Nicotine Dependencee n = 127 n = 127 n = 120

Mean score (SD) 6 (2) 6 (2) 6 (2)

Mild 19 (15) 25 (20) 21 (18)

Moderate 59 (47) 57 (45) 45 (46)

Severe 49 (39) 45 (35) 44 (37)

Glover-Nilsson Smoking Behavioral Questionnairef n = 127 n = 127 n = 119

Mean score (SD) 21 (8) 20 (8) 20 (8)

Mild 17 (13) 25 (20) 22 (19)

Moderate 59 (46) 55 (43) 53 (45)

Strong 43 (34) 36 (28) 33 (28)

Very strong 9 (7) 11 (9) 11 (9)

Beck Depression Inventory IIg n = 128 n = 127 n = 118

Mean score (SD) 11 (9) 10 (9) 11 (10)

Minimal 86 (67) 92 (72) 78 (66)

Mild 19 (15) 19 (15) 18 (15)

Moderate 16 (13) 12 (9) 14 (12)

Severe 7 (6) 4 (3) 8 (7)

(continued)
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RD, –3.3 [95% CI, –12.9 to 6.3]). Continuous abstinence was low
across groups, with no statistically significant differences be-
tween any treatment groups at 12 or 24 weeks (Figure 2B).

Reduction in mean self-reported daily cigarette consump-
tion from baseline was significantly greater among partici-
pants randomized to nicotine e-cigarettes plus counseling com-
pared with counseling alone at 12 weeks (–12.6 vs –7.0; RD, –5.7
[95% CI, –8.0 to –3.3]) and 24 weeks (–10.7 vs –5.5; RD, –5.2 [95%
CI, –7.6 to –2.8]) (Figure 2C). Reduction in mean self-reported
daily cigarette consumption was also significantly greater among
participants randomized to nonnicotine e-cigarettes plus coun-
seling compared with counseling alone at 12 weeks (–10.6 vs –7.0;
RD, –3.6 [95% CI, –6.3 to –1.0]) and 24 weeks (–9.1 vs –5.5; RD,
–3.6 [95% CI, –6.3 to –1.0]). Change in mean self-reported daily
cigarette consumption was not significantly different be-
tween the nicotine and nonnicotine e-cigarettes plus counsel-
ing groups at 12 weeks (–12.6 vs –10.6; RD, –2.0 [95% CI, –4.7 to
0.6]) or 24 weeks (–10.7 vs –9.1; RD, –1.6 [95% CI, –4.3 to 1.1]).

Sensitivity Analyses
Prespecified sensitivity analyses were conducted examining
the effect of the assumption that participants who withdrew

or were lost to follow-up had returned to smoking. These
included a complete case analysis and multiple imputation to
impute missing smoking abstinence and reduction data
(eTables 1-3 in Supplement 2). Point estimates were attenu-
ated in these sensitivity analyses and 95% CIs were wider,
suggesting that the abstinence and reduction analyses were
sensitive to the missing data assumptions and should, there-
fore, be interpreted with caution. To examine the effect of
imbalances in baseline participant characteristics between
groups, prespecified logistic regression models at 12 and 24
weeks were constructed to adjust for baseline characteristics
for which the absolute value of the standardized difference
was 0.1 or greater (eTable 4 in Supplement 2); these results
were similar to those of our main analyses (eTable 5 in
Supplement 2).

Post Hoc Analyses
Additional post hoc analyses were conducted. The effect of
clustering by site was assessed using generalized linear
mixed models, which included site as a random effect; these
results were similar to our main analyses at 12 and 24 weeks
(eTable 6 in Supplement 2). Additional analyses (eTable 7 in

Table 1. Baseline Characteristics of Participants by Treatment Group (continued)

Characteristic

No. (%)

Nicotine
e-cigarettes plus
individual
counseling
(n = 128)

Nonnicotine
e-cigarettes plus
individual
counseling
(n = 127)

Individual
counseling alone
(n = 121)

Medical historyh

Elevated cholesterol 47 (37) 50 (40) 46 (38)

Depressioni 45 (35) 42 (33) 36 (30)

Hypertension 42 (32) 41 (32) 33 (27)

Respiratory problems 31 (24) 40 (32) 34 (28)

Asthma 14 (11) 18 (14) 20 (17)

Chronic obstructive pulmonary disease 13 (10) 14 (11) 11 (9)

Chronic bronchitis 10 (8) 10 (8) 10 (8)

Emphysema 5 (4) 5 (4) 5 (4)

Otherj 2 (2) 5 (4) 4 (3)

More than 1 respiratory problem 11 (9) 9 (7) 11 (9)

Heart disease 22 (17) 22 (17) 23 (19)

Diabetes 16 (13) 24 (19) 22 (18)

Cancer 11 (9) 12 (9) 14 (12)

Abbreviations: e-cigarette, electronic cigarette; IQR, interquartile range.
a Participants were asked to select “White,” “Black,” or “Other, specify.”

Self-reported responses to “Other” included Arab, Asian, East Indian, Filipino,
Indigenous, Israeli, Italian, Moroccan, Nepalese, Spanish, Trinidadian, Tunisian,
and Urdu.

b Previously used abstinence aids includes bupropion, counseling, nicotine gum,
nicotine inhaler, nicotine lozenge, nicotine patch, nicotine quickmist,
varenicline, and other aids (acupuncture, apps, hypnosis, laser).

c Calculated as weight in kilograms divided by height in meters squared.
d Possible scores range between 1 and 7, with higher scores indicating stronger

motivation to quit smoking. Potential participants completed this 1-item scale
during screening, and must have selected level 5 or higher to be eligible for the
trial, indicating a moderate or strong desire and intention to attempt to quit.

e Possible scores range between 0 and 10, with higher scores indicating a

stronger dependence on nicotine. Mild: 0-3; moderate: 4-6; and severe:
greater than or equal to 7.

f Possible scores range between 0 and 44, with higher scores indicating greater
behavioral dependence on smoking. Mild: 0-12; moderate: 12-22; strong: 12-33;
and very strong: greater than or equal to 34.

g Possible scores range between 0 and 63, with higher scores indicating greater
depressive symptoms. Minimal: 0-13; mild: 14-19; moderate: 20-28; and
severe: greater than or equal to 29.

h Medical history was self-reported.
i Defined as prior use of medication for depression.
j Other (respiratory problems) includes chronic pneumonia, shortness of

breath, and sleep apnea.
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Supplement 2) found that participants for whom we were
unable to obtain self-reported smoking data at 12 weeks
were more likely to be older (mean age, 54 vs 52 years), male
(57% vs 52%), White (96% vs 87%), have completed high
school or less (45% vs 36%), have smoked for more years
(mean, 37 vs 34) and more heavily (mean, 22 vs 21 cigarettes/
d), have made at least 1 previous quit attempt (97% vs 89%),
have previously used a smoking cessation therapy (87% vs
78%), have higher FTND-defined nicotine dependence
(mean score, 6.2 vs 5.6), and live with another smoker (42%

vs 30%), and were less likely to have previously used an
e-cigarette (30% vs 38%) than participants who provided
self-reported smoking data. These participants reported
fewer depressive symptoms at baseline (mean BDI-II score,
9 vs 11), but were more likely to have a body mass index
(calculated as weight in kilograms divided by height in
meters squared) of 30 or greater (41% vs 36%), self-reported
history of heart disease (28% vs 15%), hypertension (35% vs
30%), and asthma (18% vs 13%) than participants who
returned for follow-up.

Figure 2. Smoking Abstinence and Reduction by Treatment Group
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Primary end point

Nicotine e-cigarettes plus
counseling (n = 128)

Nicotine e-cigarettes plus
counseling (n = 128)

Nicotine e-cigarettes plus
counseling (n = 128)

Nonnicotine e-cigarettes
plus counseling (n = 127)

Nonnicotine e-cigarettes
plus counseling (n = 127)

Nonnicotine e-cigarettes
plus counseling (n = 127)

Counseling alone (n = 121)

Counseling alone (n = 121)

Counseling alone (n = 121)

Participants who withdrew consent
or were lost to follow-up were
considered to have returned to
smoking at their baseline level. See
Supplement 2 for results of all
statistical comparisons. The primary
end point was point prevalence
abstinence at 12 weeks. All other
reported smoking abstinence and
reduction outcomes were
prespecified secondary end points.
A, Participants were considered
abstinent if they abstained from
smoking in the 7 days before the visit
through a self-report of 0 cigarettes
smoked/d, with an expired carbon
monoxide reading less than or equal
to 10 ppm at clinic visits at 4, 12, and
24 weeks. Expired carbon monoxide
readings were available for 93%,
87%, and 77% of self-reported
abstinent participants at 4, 12, and 24
weeks, respectively. B, Participants
were considered continuously
abstinent if they reported smoking 0
cigarettes in the 7 days before each
follow-up since randomization, with
expired carbon monoxide readings
less than or equal to 10 ppm at clinic
visits at 4, 12, and 24 weeks. Expired
carbon monoxide readings were
available for 78%, 82%, and 78% of
continuously self-reported abstinent
participants at 4, 12, and 24 weeks,
respectively. C, Change in the mean
number of self-reported cigarettes
smoked per day in the past week.
e-Cigarette indicates electronic
cigarette.
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Adherence, Blinding, and Nonstudy Smoking Cessation
Therapies
At 12 weeks, 75 of 110 participants (68%) in the nicotine
e-cigarettes plus counseling group with adherence data re-
ported using their e-cigarette in the previous week for a mean
(SD) of 6 (2) days and 11 (10) sessions/d compared with 54 of
101 participants (54%) in the nonnicotine e-cigarettes plus
counseling group for a mean (SD) of 5 (2) days and 6 (6) ses-
sions/d. Participants were asked to guess their assigned treat-
ment group at 12 weeks; 54 of 109 (50%) correctly guessed their
allocation in the nicotine e-cigarettes plus counseling group
vs 45 of 99 (46%) in the nonnicotine e-cigarettes plus coun-
seling group.

Through 12 weeks, participants (including those who with-
drew or were lost to follow-up) received a mean (SD) of 97 (38)
minutes of individual counseling. Participants randomized to
nicotine e-cigarettes plus counseling received a mean (SD) of
18 (6) minutes of counseling per follow-up contact through 12
weeks, participants randomized to nonnicotine e-cigarettes
plus counseling received a mean (SD) of 17 (5) minutes, and par-
ticipants randomized to counseling alone received a mean (SD)
of 14 (7) minutes. Among only participants who returned for
follow-up, the mean (SD) duration of counseling per follow-up
contact was 20 (7), 19 (5), and 22 (10) minutes for the nicotine
e-cigarettes plus counseling, nonnicotine e-cigarettes plus
counseling, and counseling alone groups, respectively.

Among all 376 participants, 60 (16%) reported using at
least 1 nonstudy smoking cessation therapy at any follow-up
through 12 weeks (nicotine e-cigarettes plus counseling: 16
[13%]; nonnicotine e-cigarettes plus counseling: 18 [14%];
counseling alone: 26 [22%]) (eTable 8 in Supplement 2). Non-
study therapies included e-cigarettes (9%), NRTs (6%), and
varenicline or bupropion (1%). Participants who reported the
use of at least 1 nonstudy therapy increased to 147 (39%)
through 24 weeks (60 nicotine e-cigarettes plus counseling
participants [47%], 45 nonnicotine e-cigarettes plus counsel-
ing participants [35%], 42 counseling alone participants
[35%]). The use of nonstudy e-cigarettes through 24 weeks
increased to 47 participants in the nicotine e-cigarettes plus
counseling group (37%), 29 in the nonnicotine e-cigarettes
plus counseling group (23%), and 20 in the counseling alone
group (17%) (eTable 9 in Supplement 2).

Adverse Events
AEs were commonly reported among the 376 participants
(Table 2), including cough (242, 64%), dry mouth (201, 54%),
rhinitis (188, 50%), and headache (185, 49%). Cough was re-
ported by 95 nicotine e-cigarettes plus counseling partici-
pants (74%), 81 nonnicotine e-cigarettes plus counseling par-
ticipants (64%), and 66 counseling alone participants (55%).
Occurrence of other AEs was comparable between the nico-
tine and nonnicotine e-cigarettes plus counseling groups, but
more frequent compared with the counseling alone group.

A total of 8 SAEs occurred in 7 participants during the
12-week treatment period (1 [1%] nicotine e-cigarettes plus
counseling participant, 4 [3%] nonnicotine e-cigarettes
plus counseling participants, and 2 [2%] counseling alone
participants) (Table 2; eTable 10 in Supplement 2). One par-

ticipant in the nicotine e-cigarettes plus counseling group
had a chronic obstructive pulmonary disease exacerbation 12
days after beginning study e-cigarette use. Seven additional
SAEs occurred in 6 participants between the 12- and 24-week
follow-ups (2 [2%] nicotine e-cigarettes plus counseling par-
ticipants, 2 [2%] nonnicotine e-cigarettes plus counseling
participants, and 2 [2%] counseling alone participants)
(eTables 11-12 in Supplement 2).

Discussion
In this randomized clinical trial, nicotine e-cigarettes plus coun-
seling, compared with counseling alone, significantly in-
creased point prevalence abstinence at 12 weeks among adults
motivated to quit smoking. However, the difference was no lon-
ger statistically significant at 24 weeks. Nonnicotine
e-cigarettes plus counseling significantly increased point preva-
lence abstinence compared with counseling alone at 24 weeks,
although the difference was less than the 12% difference that
the study was powered to detect (10.6%). Overall, the find-
ings regarding abstinence with e-cigarettes plus counseling
were modest and inconsistent.

Several e-cigarette clinical trials have been previously
reported.3-11 While some trials suggested modest improve-
ments in smoking outcomes, the trials varied greatly in their
research questions, designs, and populations. Only 3 e-cigarette
trials were previously conducted in North America, all in the
United States.9-11 Two of these trials were small (n <100) and
of very short treatment duration (3 weeks), although both ob-
served a reduction in self-reported cigarettes smoked with
e-cigarette use.9,11 The third trial did not find the provision of
free e-cigarettes to employees to be more efficacious for smok-
ing cessation than other therapies and/or financial incentives.10

Only 2 previous randomized clinical trials found e-cigarette
use significantly increased abstinence among motivated smok-
ers in a general population.3,8 Hajek et al3 examined e-cigarettes
alone, while Walker et al8 examined e-cigarettes in combina-
tion with a conventional smoking cessation therapy. Con-
ducted in the United Kingdom, the study by Hajek et al3

(n = 886) found that nicotine e-cigarettes doubled continu-
ous smoking abstinence at 1 year compared with traditional
NRTs (18.0% vs 9.9%) among highly motivated adults. How-
ever, among abstinent participants, 80% in the nicotine
e-cigarette group were still using an e-cigarette at 1 year.

These data suggest that smokers may be displacing their
nicotine addiction from conventional cigarettes to e-cigarettes.
While participants in the present trial returned their study-
provided e-cigarette at 12 weeks, 37% of participants random-
ized to nicotine e-cigarettes plus counseling reported nonstudy
e-cigarette use at 24 weeks (along with 23% of participants in
the nonnicotine e-cigarettes plus counseling group and 17%
of participants in the counseling alone group). Displacement
of nicotine addiction to e-cigarettes during the treatment pe-
riod may explain the decline in smoking abstinence after 12
weeks among participants randomized to nicotine e-cigarettes
plus counseling. These findings suggest that nicotine-
tapering strategies used for other NRTs (eg, nicotine patch)
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could be investigated in future studies of e-cigarettes. While
fixed dosing is difficult owing to the nature of e-cigarettes, a
gradual reduction in nicotine e-liquid concentration could
theoretically achieve a similar effect. While both nicotine and
nonnicotine e-cigarettes plus counseling resulted in a sus-
tained reduction in self-reported daily cigarette consump-
tion compared with counseling alone, the health benefits of
smoking reduction (vs complete abstinence) are controversial.19

However, studies have shown that individuals who reduce their
daily cigarette consumption are more likely to successfully quit
in future attempts.20

e-Cigarette safety is an ongoing concern. A large number
of e-cigarette, or vaping, product use–associated lung injury
cases have been reported,21 most of which were attributed to
e-cigarette liquid containing vitamin E acetate and/or
tetrahydrocannabinol.22 Therefore, most commercially avail-

able e-cigarettes are unlikely to cause e-cigarette, or vaping,
product use–associated lung injury unless modified by users.
However, a number of studies have reported adverse pulmo-
nary effects related to long-term e-cigarette use: bronchos-
copy studies suggest that chronic e-cigarette use alters hu-
man bronchial epithelial proteome23; increases neutrophil
elastase and matrix metalloprotease levels24; and causes an in-
nate immune response involving increased neutrophilic acti-
vation and altered mucin secretion.25 If e-cigarettes are used
for smoking cessation, they should be used for the shortest du-
ration possible.

Limitations
This trial had several limitations. First, given the unexpected
early termination of the trial after the recruitment of 77% of
the target sample, the power to detect differences between

Table 2. Adverse Events During the 12-Week Treatment Period by Treatment Group

No. (%)
Nicotine e-cigarettes plus individual
counseling (n = 128)

Nonnicotine e-cigarettes plus individual
counseling (n = 127)

Individual counseling alone
(n = 121)

Serious adverse eventsa

Participants with a serious adverse
event

1 (0.8) 4 (3.1) 2 (1.7)

Death 0 0 0

Respiratoryb 1 (0.8) 0 0

Cardiovascularc 0 1 (0.8) 1 (0.8)

Neuropsychiatric 0 0 0

Otherd 0 3 (2.4) 1 (0.8)

Mild adverse events

Participants with an adverse event 120 (94) 118 (93) 88 (73)

Cough 95 (74) 81 (64) 66 (55)

Dry mouth 72 (56) 74 (58) 55 (46)

Headache 70 (55) 69 (54) 46 (38)

Rhinitis 70 (55) 67 (53) 51 (42)

Throat irritation 70 (55) 53 (42) 30 (25)

Dyspnea 53 (41) 61 (48) 43 (36)

Sore throat 44 (34) 39 (31) 21 (17)

Light headedness 42 (33) 34 (27) 28 (23)

Dizziness 39 (31) 31 (24) 37 (31)

Mouth irritation 38 (30) 24 (19) 15 (12)

Nausea 37 (29) 30 (24) 20 (17)

Indigestion 31 (24) 33 (26) 28 (23)

Mouth ulcers 19 (15) 16 (13) 7 (6)

Vertigo 16 (13) 11 (9) 9 (7)

Abbreviation: e-cigarette, electronic cigarette.
a The denominator used to calculate percentages is the total number of

participants randomized to each group. Only the first event for each
participant in each category was counted (ie, the numbers represent the
number of participants experiencing an event in each category, rather than the
absolute number of events). Serious adverse events and adverse events were
obtained via self-report at clinic and telephone follow-ups. All documentation
obtained pertaining to each reported serious adverse event was
independently evaluated by an end points evaluation committee, which
determined its potential causal relationship with the study intervention.

b One participant in the nicotine e-cigarettes plus counseling group was
hospitalized with a chronic obstructive pulmonary disease exacerbation
secondary to pneumonia 12 days after being randomized into the trial and had
used their e-cigarette in the day preceding the event.

c One participant in the nonnicotine e-cigarettes plus counseling group
experienced a myocardial infarction 84 days after randomization and had used
their e-cigarette in the day preceding the event. One participants in the
counseling alone group had critical ischemia in their left leg due to a superficial
femoral artery occlusion 43 days after randomization.

d Includes 3 participants in the nonnicotine e-cigarettes plus counseling
group. One participant experienced both appendicitis and a neoplastic
cecal lesion during the treatment period, the second participant
experienced epistaxis 39 days after randomization, and the third participant
experienced noncardiac chest pain 88 days after randomization. All 3
participants had used their e-cigarette in the day preceding the events.
In the counseling group, 1 participant had a urinary tract infection 16 days
after randomization.
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groups was reduced. Second, there were low rates of continu-
ous abstinence, which required self-reported abstinence at all
follow-ups. Quit plans were individualized, and participants
were not required to quit immediately at the baseline visit. Con-
sequently, most participants who achieved abstinence did so
during the treatment period (rather than at baseline). Third,
there was differential lost-to-follow-up rates between groups,
with counseling alone participants having a higher rate than
the e-cigarettes plus counseling groups. These participants
were assumed to have returned to smoking (standard prac-
tice in smoking cessation trials). This assumption could have
biased the findings in favor of the e-cigarettes plus counsel-
ing groups. However, participants in the counseling alone group
were more likely to use a nonstudy cessation therapy during
the 12-week treatment period, including e-cigarettes, which
could have diluted the observed treatment effect. Fourth, there
were no statistical adjustments for multiple comparisons; the

conclusions are based on the primary end point of point preva-
lence abstinence at 12 weeks. Secondary end points should be
considered hypothesis-generating. Fifth, the e-cigarette used
in this trial was produced specifically for use in clinical stud-
ies, which may limit the trial’s external validity to commer-
cially available devices.

Conclusions
Among adults motivated to quit smoking, nicotine e-cigarettes
plus counseling vs counseling alone significantly increased
point prevalence abstinence at 12 weeks. However, the differ-
ence was no longer significant at 24 weeks, and trial interpre-
tation is limited by early termination and inconsistent find-
ings for nicotine and nonnicotine e-cigarettes, suggesting
further research is needed.
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