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ABSTRACT

Background Research is inconclusive on the
effectiveness of electronic nicotine delivery systems
(ENDS) as cigarette cessation aids compared with
nicotine replacement therapy (NRT) or non-NRT
medication. This study compared the cigarette cessation
rates for ENDS, NRT and non-NRT medication.

Method Population Assessment of Tobacco and

Health Study wave 3 cigarette-only users who used
ENDS, NRT or non-NRT medication (varenicline and
bupropion) to quit smoking between wave 3 and 4 were
included. 'Cessation’ was defined as being a former
cigarette smoker in wave 4.y’ logistic regression, and
a sensitivity analysis with Bayes factor assessed the
association between quitting smoking and method used.
Results Among 6794 cigarette-only users, 532 used
ENDS (n=75), NRT (n=289), non-NRT medication (n=68),
or a combination of NRT and non-NRT medication
(n=100) to quit smoking between wave 3 and 4. The
percentages of quitting smoking among those who used
ENDS, NRT, non-NRT medication, and a combination

of NRT and non-NRT medication were 16.2% (n=14),
16.1% (n=47), 17.7% (n=13), and 14.8% (n=12),
respectively (p=0.97). None of the cigarette-only users
who used ENDS to quit smoking became ENDS-only
users in wave 4; 37.6% became dual users of ENDS and
cigarettes.

Conclusion No differences were found when cessation
rates of ENDS, NRT or non-NRT medication were
compared. Given uncertainty about the long-term health
effect of ENDS and the likelihood of becoming dual
users, people who smoke and need assistance quitting
should be encouraged to use current Food and Drug
Administration-approved cessation methods until more
effective methods are developed.

INTRODUCTION

People who smoke can benefit from cigarette cessa-
tion regardless of their biological age.! Smoking
prevalence has declined from 42% to 13.7% since
the first Surgeon General’s report on smoking
and health, and since 2002, there have been more
former smokers in the USA than current smokers.'
However, the tobacco product landscape has been
changing in the USA, especially after the intro-
duction of electronic nicotine delivery systems
(ENDS).* Among US adults, cigarette smoking prev-
alence reached a historically low level (13.7%; 34.2
million) in 2018, however, ENDS use increased
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from 2.8% to 3.2% for adults and from 11.7% to
20.8% for youth during 2017-2018.> * In 2019,
ENDS use prevalence reached 4.5% among adults
in the USA.’

Most US adults who smoke want to quit smoking
cigarettes® and 29.0% of people who used cigarettes
and made a quit attempt in 2015 reported that they
used medication to quit smoking.® Several studies
have found that some adults also use ENDS to quit
or reduce cigarette smoking.”” However, research
is inconclusive on the effectiveness of ENDS as ciga-
rette cessation aids.'®> For example, a randomised
controlled trial (RCT) among smokers motivated
to quit and who sought cessation services in the
UK concluded that the 1-year cigarette abstinence
rate was 18% for the ENDS group and 9.9% for
the nicotine replacement therapy (NRT) group
(Relative Risk: 1.83, 95% CI: 1.30 to 2.58), when
behavioural support accompanied both products.'®
In addition, a recent review found that for every
100 adult smokers using nicotine ENDS to stop
smoking (6-month abstinence), 10 might success-
fully stop, compared with only 6 of 100 people
using NRT or nicotine-free ENDS, or 4 of 100
people having no support or behavioural support
only."" A recent Cochrane Review that included 56
RCTs and randomised cross-over trials reported that
ENDS with nicotine increase quit rates compared
with ENDS without nicotine and compared with
NRT, with moderate certainty evidence.'?> More-
over, a positive relationship between ENDS use and
smoking cessation has also been reported in several
studies with other methods such as meta-analysis, "
cross-sectional ' and longitudinal analyses.'®* In
contrast, several longitudinal studies’ **~° found no
difference in cigarette cessation (1-year abstinence)
between ENDS users and non-users. Furthermore,
two meta-analyses®” % that included studies with
RCT, cohort and cross-sectional designs reported
that a significant reduction in cigarette cessation
was associated with ENDS use. Given the inconclu-
sive findings regarding the effectiveness of ENDS as
a smoking-cessation aid,” the US Surgeon General’s
2020 report on smoking cessation recommended
that randomised clinical trials and large-scale obser-
vational studies with long-term follow-ups will be
critical to better understand the impact of ENDS
on cessation.'

The aim of this study is to compare the cessa-
tion rate among those who used ENDS, NRT, and
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non-nicotine medication as a cessation aid among the Population
Assessment of Tobacco and Health (PATH) Study wave 3 adult
cigarette-only users who used these methods between wave 3
(2015-2016) and 4 (2016-2017).

METHOD

Data source

The PATH Study is an ongoing, nationally representative, longi-
tudinal cohort study of adults and youth in the USA. This study
included adult (aged 18 years and older) respondents from
wave 3 (2015-2016) and wave 4 (2016-2017) of the PATH
Study.*® PATH collects information about various tobacco prod-
ucts including cigarettes and ENDS. In addition, PATH Study
also collects information about tobacco dependence, cessation,
perceptions of risk and harm, and demographic information.*”?!
Information on the sampling procedures can be found in the
PATH User Guide.*”

Study participants

This study included wave 3 established cigarette-only users who
used ENDS, NRT, non-NRT medication (varenicline and bupro-
pion), or a combination of NRT/medication as a cessation aid
between wave 3 and 4. Established cigarette-only users in wave
3 (n=6794) were defined as adults who have smoked at least
100 cigarettes in their lifetime, and currently smoke every day or
some days. Participants who used ENDS to quit smoking stated
in wave 4 that they used ‘E-cigarettes or other electronic nico-
tine products’ in the past 12 months to quit cigarettes. NRT or
medication users responded ‘yes’ to the questions about using
those products in the past 12 months in wave 4. In order to
compare the effectiveness of ENDS and NRT/medication, partic-
ipants who used a combination of ENDS/NRT (n=18), ENDS/
medication (n=6), and ENDS/NRT/medication (n=10) were
excluded from the analysis. In this study, cessation was defined
as being a former cigarette smoker in wave 4. Former smokers
were defined as ‘wave 4 adult respondents who had smoked at
least 100 cigarettes in their lifetime and had not smoked them
within the past 12 months or who do not currently smoke at all.
The main outcome of this study is becoming a former smoker
between wave 3 and 4; that is, a current established cigarette
smoker in wave 3 but not currently smoking at all in wave 4.’

Covariates

The following covariates were used to control for potential
confounding: age (18-24; 25-34; 35-44; 45+ years); sex
(male; female); race/ethnicity (Non-Hispanic white; Non-
Hispanic black; Hispanic; other); education (less than high
school/General Educational Development (GED); high school
graduate; beyond high school); household income per year
(<$50 000; $=50 000), marital status (married; widowed;
never married), relying on friend or family support for ciga-
rette quit attempt (yes; no), living with a person who smokes
(yes; no), motivation to quit, and cigarette dependence.’?

Motivation to quit in wave 3 was measured with the following
question: ‘Overall, on a scale from 1 to 10 where 1 is not at all
interested and 10 is extremely interested, how interested are you
in quitting cigarettes?’

Eleven Wisconsin Inventory of Smoking Dependence Motives
(WISDM) items in wave 3 with response options of 1 (Not
true of me at all) to § (Extremely true of me) were included to
measure cigarette dependence.’” Cigarette dependence was the
average score of these 11 WISDM items and ranged from 1 to 5.

Statistical analysis

All analyses were performed using STATA V.15.1 (Statacorp,
College Station, Texas, USA). The PATH Study population
weights were used to adjust for the complex study design
including oversampling and non-response. Fay’s method, a
variant of balanced repeated replication method, was used to
form replicative weights in variance estimation in all analyses.
The Fay coefficient was specified at the value of 0.30 as recom-
mended by the PATH Study.*® The weights produce estimates
that are representative of the US non-institutionalised, civilian
population aged 18 years and older adjusting for non-response
from wave 3. Unweighted counts, weighted percentages and
means with SEs were presented in the tables. Further informa-
tion on the weighting procedure can be obtained from the PATH
Study Public-Use Files.*

Weighted frequency distributions and ¥ tests were used to
examine the association between covariates and cigarette cessa-
tion status. T-tests were used to assess the mean difference in
motivation to quit and cigarette dependence between quitters
and non-quitters. In a logistic regression model, the association
between quitting smoking and the methods (ENDS, NRT or
medication) used was estimated controlling for covariates. All
tests were two-sided with significance level set at 5%.

RESULTS

The analytical sample of this study included 532 cigarette-only
users who used ENDS, NRT, or medication to quit smoking
between wave 3 and 4: 75 used ENDS only, 289 NRT only, 68
non-NRT medication only, and 100 used a combination of NRT
and non-NRT medication (table 1). Among these 532 cigarette-
only users: 326 (54.6%) were female, 320 (63.3%) were aged
45 years and over, 376 (74.0%) were non-Hispanic white, 282
(51.7%) had beyond high school education, 355 (67.5%) had
less than $50 000 annual income, 208 (40.2%) were married,
211 (38.2%) relied on friend/family support, and 242 (44.6%)
lived with a person who smokes. The average motivation to quit
and cigarette dependence scores were 8.3 (SE=0.1) and 3.2
(SE=0.1), respectively (table 1).

Overall, 16.1% (n=86) quit smoking in wave 4 (table 2). The
percentages of quitting smoking among those who used ENDS,
NRT, non-NRT medication, and a combination of NRT and non-
NRT medication were 16.2% (n=14), 16.1% (n=47), 17.7%
(n=13), and 14.8% (n=12), respectively (p=0.97). These differ-
ences remained non-significant in the logistic regression model
(table 2). As a sensitivity analysis, we ran the logistic regression
model with the Bayes factor to understand the effect of low
sample size on statistical significance; there was no significant
difference between ENDS and NRT, medication and NRT+-
medication in the model with the Bayes factor (data not shown).

In total, 192 cigarette-only users in wave 3 used ENDS to
quit smoking with or without other methods and none of them
became ENDS-only users in wave 4; 37.6% (n=71) became dual
users of both cigarettes and ENDS, 52.8% (n=100) remained
as cigarette-only users and 9.6% (n=21) became non-users of
any tobacco product in wave 4 (data not shown). Among 6794
cigarette-only users in wave 3, the percentage of quitting smoking
was 5.3% (n=267) among those who used neither ENDS nor
NRT, nor non-NRT medication (data not shown).

Among participants aged 25-34 years, 22.3% (n=19) became
former users in wave 4, while among participants aged 45 years
and older, 14.2% (n=44) became former smokers (p=0.31).
The OR for quitting smoking in wave 4 among participants aged
25-34 years was 3.42 (95% CI: 1.27 to 9.21) compared with
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Table 1  Sociodemographic characteristics of participants
n (%)
Sex
Male 206 (45.4)
Female 326 (54.6)
Age (years)
18-24 26 (3.1)
25-34 93(16.2)
35-44 93(17.4)
>45 320 (63.3)
Race/ethnicity
Non-Hispanic white 376 (74.0)
Non-Hispanic black 80 (13.9)
Hispanic 1 (7.4)
Other 35(4.7)
Education level
Less than high school/GED 141 (25.9)
High school graduate 108 (22.4)
Beyond high school 282 (51.7)
Income ($)
<50 000 355 (67.5)
>50 000 150 (32.5)
Marital status
Married 208 (40.2)
Widowed 192 (37.4)
Never married 127 (22.4)
Relying on friend/family support to quit
No 285 (56.2)
Yes 246 (43.8)
Living with smokers
No 195 (55.4)
Yes 242 (44.6)
Used quitting method (among 532 cigarette-only users in
wave 3)
ENDS 75(12.3)
NRT 289 (58.5)
Medication 68 (11.8)
NRT+medication 100 (17.4)
Mean (SE)
Motivation to quit cigarettes 8.3(0.1)
Cigarette dependence in wave 3 3.2(0.1)

Total 532 (100.0)
ENDS, electronic nicotine delivery system; NRT, nicotine replacement therapy.

participants aged 45 years and over, after adjustment for sex,
race/ethnicity, education, income, marital status, friend/family
support, living with a person who smokes, motivation to quit
and cigarette dependence (table 2).

The cigarette dependence score of 2.95 (SE=0.12) for partic-
ipants who became former smokers in wave 4 was significantly
lower than the score of 3.25 (SE=0.07) for participants who did
not quit smoking (p=0.02). However, this was not significant
after controlling for other covariates in the logistic regression
model (adjusted OR: 0.82, 95% CI: 0.58 to 1.17) (table 2). The
association between cigarette dependence and quitting smoking
was not significant once heaviness of smoking index was used as
dependence measure in the regression model (data not shown).

Sex, race/ethnicity, education, income, marital status, friend/
family support, living with a person who smokes and motivation

to quit were not significantly associated with quitting smoking
(table 2).

DISCUSSION

The current study compared the cessation rates of ENDS, NRT,
non-NRT medication, and a combination of NRT/non-NRT
medication for cigarette cessation and found no difference in
cessation rates of those methods to quit smoking in a nationally
representative cohort.

This finding is consistent with two recently published longi-
tudinal studies that compared the effectiveness of ENDS and
approved cessation methods using PATH Study data. Chen
et al® selected a subsample in wave 2 (2014-2015) who had
tried to quit smoking at least once by wave 3 (2015-2016), and
successfully quit at wave 4 (2016-2017). They reported that the
cessation rate among those who used ENDS to help them quit
was not different from pharmaceutical cessation aids. Pierce et
al** used a similar method but with wave 1 (2013-2014), wave
2 (2014-2015), and wave 3 (2015-2016) data and reported that
use of ENDS compared with approved cessation methods or no
products showed similar abstinence rates 1-2 years later. The
current study confirms these longitudinal studies from the PATH
data and reports no superiority between ENDS and evidence-
based cessation methods for cigarette cessation. On the other
hand, Glasser et al*' examined the effect of frequent and consis-
tent ENDS use on cigarette cessation among people who used
ENDS compared with those who did not use ENDS to help them
quit cigarettes and found that consistent and frequent ENDS
use over time was associated with cigarette smoking cessation
among adults in the USA. Berry et al*® and Azagba et al* also
reported similar findings using PATH Study wave 1 and wave
2 data. However, the current study reported that none of the
participants who used ENDS with an intention to quit smoking
became ENDS-only users, whereas nearly 40% of them became
dual users which is consistent with prior literature that ENDS
have a potential to be used as a supplement to rather than a
replacement for cigarettes.” Participants who used ENDS with
an intention to quit smoking are likely introducing more toxi-
cants and nicotine from the added use of ENDS which contain
carbonyl compounds,? volatile organic compounds® and metals®*
that are potentially toxic to the respiratory and cardiovascular
systems and raise concern about the harmful health conse-
quences of multi-tobacco product use in the long term; given the
health risks of ENDS and lack of superiority over Food and Drug
Administration (FDA)-approved methods, the clinical guidance
at this time should continue to recommend the medication.
Besides, consistent with previous literature, despite cigarette
cessation rates of these methods are low in this study, the likeli-
hood of quitting smoking doubled among those who used these
methods compared with those who used none of them. Thus,
people who smoke should be encouraged to use approved cessa-
tion methods to reduce health risks of tobacco use and increase
the likelihood of quitting cigarettes.

The findings of this study are also consistent with several
other longitudinal studies’ * ¢ about the effectiveness of ENDS
for cigarette cessation. In a prospective cohort study, it was
reported that ENDS use did not help adult participants quit at
rates higher than participants who did not use these products
at 12-month follow-up.?® In the International Tobacco Control
Four-Country Survey, cigarette cessation did not differ between
ENDS users and non-users.® In another longitudinal study,
ENDS use was not followed by greater quitting 1 year later.”’
Taking the results of these studies into account, there is growing
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Table 2 Sociodemographic characteristics by quitting cigarettes in wave 4

Quitting cigarettes

Yes No

Characteristics n % n % P value* aOR (95% Cl)
Sex

Male 33 15.1 173 84.9 0.576 1 (Ref)

Female 53 16.9 273 83.1 1.03 (0.48 t0 2.19)
Age (years)

>45 44 14.2 276 85.8 0.31 1 (Ref)

35-44 17 16.7 76 83.3 1.82 (0.73 to 4.59)

25-34 19 223 74 71.7 3.42 (1.27 t09.21)

18-24 6 17.9 20 82.1 2.85 (0.49 to0 16.6)
Race/ethnicity

Non-Hispanic white 64 16.5 312 83.5 0.861 1 (Ref)

Non-Hispanic black 12 13.8 68 86.2 1.32 (0.49 to 3.52)

Other 10 15.9 66 84.1 1.24 (0.35 t0 4.32)
Education level

Less than high school/GED 21 16.3 120 83.7 0.583 1 (Ref)

High school graduate 12 12.5 96 87.5 2.16 (0.51 10 9.19)

Beyond high school 53 17.5 229 82.5 2.19(0.70 to 6.84)
Income ($)

<50 000 61 18.1 294 81.9 0.093 1 (Ref)

>50 000 19 1.1 131 88.9 0.65 (0.23 to 1.86)
Marital status

Married 35 18.9 173 81.1 0.373 1 (Ref)

Widowed 29 14.2 163 85.8 0.95 (0.42 to 2.14)

Never married 21 13.8 106 86.2 0.54 (0.17 t0 1.73)
Relying on friend/family support to quit

No 43 15.3 242 84.7 0.584 1 (Ref)

Yes 43 17.1 1203 82.9 0.97 (0.44 to 2.14)
Living with smokers

No 37 183 158 81.7 0.361 1 (Ref)

Yes 33 14.6 209 85.4 0.58 (0.28 to 1.21)
Used quitting method

ENDS 14 16.2 61 83.8 0.976 1 (Ref)

NRT 47 16.1 242 83.9 1.54 (0.50 to 4.72)

Medication 13 17.7 55 82.3 0.87 (0.15 to 5.05)

NRT+medication 12 14.8 88 85.2 1.72 (0.39t0 7.61)

Mean (SE) Mean (SE)

Motivation to quit cigarettes 8.00 (0.36) 8.32 (0.14) 0.435 1.01 (0.85 to 1.20)
Cigarette dependence in wave 3 2.95(0.12) 3.25(0.07) 0.021 0.82 (0.58 t0 1.17)
Total 86 16.1 446 83.9

*XZ test (bivariate association).

aOR, adjusted OR; ENDS, electronic nicotine delivery system; NRT, nicotine replacement therapy; Ref, reference.

evidence that ENDS use does not seem to help quitting cigarettes
at higher rates compared with approved methods and cigarette
cessation success might depend on other factors such as age and
dependence level, rather than the methods used for cessation. In
this study, young age was the only significant factor associated
with smoking cessation. One explanation could be that young
smokers have been using cigarettes for a shorter period of time
compared with those older than 45 years. In addition, young
smokers’ cigarette use behaviour could be less established and
stable.

Importantly, even national, population-based, longitudinal
surveys such as PATH may not be the ideal studies in which to
assess whether or not ENDS are effective cessation products,
as they do not have the same controls over elements such as

product type, nicotine concentration, and power setting, or the
same measurement measures (such as uses per day or similar) as
in traditional RCTs. Conversely, these population-based studies
provide valuable information about the external validity/gener-
alisability (or ‘real-world’ effects) of ENDS in the population in
the absence of the controls in RCTs. Furthermore, real-world
studies are especially important considering that ENDS are sold
as commercial products and not FDA-approved therapeutic
medications. Thus, there is no clinical guidance for users to
follow as would accompany a medication and there is a lower
likelihood that ENDS would be used in a manner that is ‘effec-
tive’ for quitting.

This study has several limitations. First, cigarette, ENDS,
NRT, and non-NRT medication use were self-reported by
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What this paper adds

= Some adults who smoke cigarettes use electronic nicotine
delivery systems (ENDS) with an intention to quit cigarette
smoking. However, research is inconclusive on the
effectiveness of ENDS as cigarette cessation aids.

= This study compares the cessation rates of participants who
smoke cigarettes only and used ENDS, nicotine replacement
therapy (NRT), and non-NRT medication as cessation aids
among adult respondents of the Population Assessment of
Tobacco and Health Study who used these methods between
wave 3 (2015-2016) and 4 (2016-2017).

= No difference in the effectiveness of ENDS, NRT or non-NRT
medication for cigarette cessation was observed.

= None of the participants who used ENDS with an intention to
quit smoking became ENDS-only users, whereas nearly 40%
of them became dual users.

participants and thus there could have been misclassification
regarding tobacco use or methods to quit cigarettes. Second, the
analyses were limited to cigarette-only users who used ENDS,
NRT, and non-NRT medication to quit smoking between wave
3 and 4 which excluded more than 90% of wave 3 participants
who smoke cigarettes exclusively. Reduced sample size might
partly explain the general lack of significant factors. Third, the
follow-up time between wave 3 (2015-2016) and wave 4 (2016~
2017) in this study was relatively short. Therefore, assessing
the sustainability of cigarette cessation after the follow-up time
was not possible. Fourth, 6.6% (n=35) of the former smokers
in the wave 4 reported that they used cigarettes in the last 3
months. However, the results of this study remained the same
when the analyses were repeated without those participants.
Fifth, the frequency of use of NRT and non-NRT medication,
duration of use, type of NRT and adherence of the medication
guidelines were also not available for this sample. Further, it was
not possible to assess the type of ENDS product used, nicotine
delivery from an ENDS product or the frequency of ENDS use
in this sample; these factors likely affect ENDS’ potential effec-
tiveness as a cessation aid. As the ENDS market evolves, it is
possible that more people who smoke will use products that
are better able to deliver nicotine while minimising toxicant
delivery. The frequency of use of NRT and non-NRT medication
was also not available for this sample. The non-significance in
this paper might be a result of low sample size or a heteroge-
neous group of ENDS products. We were unable to control for
the type of ENDS product, however, we performed an analysis
with the Bayes factor to examine whether the non-significant
results are due to low sample size. We were not able to use the
‘svy” command while performing the analysis with the Bayes
factor because STATA does not have this capability. Despite
these limitations, comparing the effectiveness of ENDS, NRT
and non-NRT medication using nationally representative longi-
tudinal study data that portray the products that people who
smoke choose to use is the strength of this study.

This study contributes to the current literature that the effec-
tiveness of ENDS on cigarette cessation is not different than
FDA-approved methods among people who are current estab-
lished cigarette users. People who smoke should be encouraged
to quit at an earlier age and use FDA-approved cessation methods
such as NRT or non-NRT medication to quit cigarette smoking
to reduce health risks associated with ENDS use®’ 3¢ and/or dual
use of cigarette and ENDS.>” ** Given the low cessation rates of

these methods, there is a need for approaches/interventions with
higher cessation rates to reduce cigarette smoking prevalence.
Future studies with information on the exact type of ENDS
products used, frequency of use and a longer follow-up time are
needed to better compare the effectiveness of ENDS, NRT or
medication for successful cigarette quitting.
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