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Abstract

Introduction: We examined past-12-month quit attempts and smoking cessation from 2006 to 2016
while accounting for demographic shifts in the US population. In addition, we sought to under-
stand whether the current use of electronic cigarettes was associated with a change in past-12-
month quit attempts and successful smoking cessation at the population level.

Methods: We analyzed data from 25- to 44-year-olds from the National Health Interview Survey
(NHIS) from 2006 to 2016 (N = 26,354) and the Tobacco Use Supplement to the Current Population
Survey (TUS-CPS) in 2006-2007, 2010-2011, and 2014-2015 (N = 33,627). Data on e-cigarette use
were available in the 2014-2016 NHIS and 2014-2015TUS-CPS surveys.

Results: Past-12-month quit attempts and smoking cessation increased in recent years compared
with 2006. Current e-cigarette use was associated with higher quit attempts (adjusted odds ratio
[aOR] = 2.29, 95% confidence interval [CI] = 1.87 to 2.81, p < .001) and greater smoking cessation
(aOR =1.64, 95% Cl = 1.21 t0 2.21, p=.001) in the NHIS. Multivariable logistic regression of the TUS-
CPS data showed that current e-cigarette use was similarly significantly associated with increased
past-12-month quit attempts and smoking cessation. Significant interactions were found for smok-
ing frequency (everyday and some-day smoking) and current e-cigarette use for both outcomes (p
<.0001) with the strongest positive effects seen in everyday smokers.

Conclusions: Compared with 2006, past-12-month quit attempts and smoking cessation increased
among adults aged 25-44 in recent years. Current e-cigarette use was associated with increased
past-12-month quit attempts and successful smoking cessation among established smokers.These
findings are relevant to future tobacco policy decisions.

Implications: E-cigarettes were introduced into the US market over the past decade. During this
period, past-12-month quit attempts and smoking cessation have increased among US adults
aged 25-44.These trends are inconsistent with the hypothesis that e-cigarette use is delaying quit
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attempts and leading to decreased smoking cessation. In contrast, current e-cigarette use was
associated with significantly higher past-12-month quit attempts and past-12-month cessation.
These findings suggest that e-cigarette use contributes to a reduction in combustible cigarette use

among established smokers.

Introduction

Cigarette smoking is a leading cause of preventable death, account-
ing for more than 480,000 deaths in the United States annually.'
Smoking is linked to heart disease, lung disease, and multiple can-
cers, and on average, smokers die 10 years earlier than nonsmok-
ers."? In addition to harmful effects on health at both the individual
and population levels, smoking imposes an immense financial
burden on society, with a cost to the US economy of more than $300
billion each year.!?

In 2007, the Institute of Medicine (IOM) published “Ending the
Tobacco Problem: A Blueprint for the Nation.” Using data from the
National Health Interview Survey (NHIS), the report described the
smoking behavior of US adults from 1965 to 2005.* During this
40-year period, the prevalence of current smoking declined from
42% to 21%. This dramatic decline was attributed to a decrease
in ever smoking, defined as smoking 100 or more cigarettes life-
time, and to an increase in smoking cessation. In 1965, 56% of
respondents reported ever smoking, compared with only 46% of
respondents in 2005. The increase in smoking cessation was even
more striking, with the percentage of ever smokers who reported
now being former smokers rising from 24% in 1965 to 51% in
2005. Further examination revealed that most of the increase in
cessation occurred between 1965 and 1991, when cessation almost
doubled from 24% to 47%. It then gradually increased from 47%
in 1991 to 51% in 2005.

The increase in former smoking that occurred from 1965 to 2005
is attributed to the numerous public health campaigns and interven-
tions that were introduced during this period to encourage smokers
to quit. Smoking has been broadly targeted by media campaigns,
increases on cigarette taxes, indoor smoking policies, and compre-
hensive smoke-free laws.>¢ Multiple efforts have also been made to
help smokers quit. Prescription nicotine replacement therapy was
introduced in the United States in 1984. In 1996, nicotine gum and
nicotine patches were approved for over-the-counter sale, and util-
ization increased over 150% from 1996-1997.7% The first non-nico-
tine replacement medication for smoking cessation, bupropion, was
approved by the Food and Drug Administration in 1997, and the
second, varenicline, was approved in 2006.°"

In the past decade, another change in the smoking landscape
has been the introduction of electronic cigarettes (e-cigarettes).
E-cigarettes first became available to the US market in 2006, and
its use grew quickly; they are particularly popular among smokers
of combustible cigarettes, as many believe that e-cigarettes can help
them quit.’>"® However, the scientific community has been divided
on the use of e-cigarettes as a smoking cessation aid.'*!S Some argue
that e-cigarettes are less harmful than combustible cigarettes and
may help smokers quit,'*" whereas others express concern that
the use of both cigarettes and e-cigarettes (dual use) might prolong
smoking. This could occur because the use of e-cigarettes might
allow smokers to reduce their smoking modestly, perhaps reducing
smokers’ worries about smoking-related harm, reducing the eco-
nomic costs of smoking, or by providing a way to obtain nicotine in

no-smoking contexts.?%-2?

The debate is further complicated by inconsistent research find-
ings. A recent prospective cohort study by Weaver et al.> surveyed a
random sample of US adults who were current smokers of combust-
ible cigarettes. At 1-year follow-up of 858 respondents who smoked,
they found that respondents who had also used e-cigarettes were less
likely to have stopped smoking combustibles than those who had
not used e-cigarettes. This was true whether the e-cigarette use was
reported at baseline, at 1-year follow-up, or at any other point dur-
ing the study period. Based on their findings, the authors concluded
that e-cigarette use may not increase population quit rates of com-
bustible cigarettes.

In contrast, recent cross-sectional research by Zhu et al.?** found
that past year e-cigarette use among combustible cigarette smokers
was associated with an increase in past-12-month quit attempts and
cessation in a large, nationally representative survey of the United
States (N = 23,270). Using data from the Tobacco Use Supplement to
the Current Population Survey (TUS-CPS) for the years 2014-20135
(the only years for which e-cigarette data were available), they found
that past-12-month quit attempts and cessation rates were signifi-
cantly higher among smokers who also reported use of e-cigarettes
in the past 12 months compared with smokers who did not.?* When
analyzing only smokers who did not use e-cigarettes, past-12-month
quit attempts and cessation remained flat across four survey periods
ranging from 2001-2002 to 2010-2011. A significant increase in
cessation at the population level was observed from 2010-2011 to
2014-2015, and this was associated with higher cessation among the
e-cigarette users. The authors concluded that the use of e-cigarettes
resulted in the first significant increase in the population cessation
rate in the United States in the past 15 years.

In this current study, we used two large US national surveys, the
NHIS and the TUS-CPS, to examine past-12-month quit attempts
and smoking cessation from 2006 to 2016 while adjusting for
changes in population demographics during this time. A second pur-
pose of the current study was to use a second national sample, the
NHIS, to extend the findings of the Zhu et al.?* study, which sug-
gested that increases in past-12-month quit attempts and smoking
cessation observed in the 2014-2015 TUS-CPS were associated with
e-cigarette use.

Methods

Sample

We analyzed existing data from two large national surveys: the
NHIS* and the TUS-CPS.262% The NHIS and TUS-CPS datasets are
coded and publically available through an open access policy.

The NHIS, administered by the Centers for Disease Control
and Prevention, is an ongoing survey of a nationally representative
sample of the noninstitutionalized US population. The survey has
assessed smoking behaviors annually since 1963; we used data from
the 2006 to 2016 surveys.”’ The survey is conducted annually in ap-
proximately 35,000 households using a multistage probability sam-
pling design. A detailed description of the survey methodology can
be found on the NHIS website.”
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The TUS-CPS is administered by the US Census Bureau and is
a nationally representative, cross-sectional survey of tobacco use.*
The core CPS is a labor force survey conducted monthly in approxi-
mately 140,000 individuals living in 50,000 households using a mul-
tistage probability sampling design. In selected months, CPS sample
households are also asked to complete the Tobacco Use Supplement.
The TUS-CPS is funded by the National Cancer Institute, and it
has been conducted approximately every 3—4 years since 1992. We
analyzed data from the 2006-2007, 2010-2011, and 2014-2015
surveys.”*2% Additional details regarding methods and the sampling
procedure are published elsewhere.*

We analyzed data from respondents who participated in the NHIS
2006-2016 surveys or the TUS-CPS 2006-2007, 2010-2011, and
2014-2015 surveys; were 2544 years old; and reported their smok-
ing status. We included respondents who were aged 25-44 years at
the time of survey to focus on a more homogeneous segment of the
population and to reduce potential age-related differences in smok-
ing behaviors with respect to combustible cigarette and e-cigarette
usage. Focusing on this age range also avoids bias among younger
participants who may not have had sufficient time to develop their
smoking behaviors. Limiting the sample to this age range also
avoids bias among older participants who may have health comor-
bidities that influence their smoking status and eliminates potential
for survivor bias because of increased mortality among those who
smoke.’? In addition, this strategy provides a similarly aged com-
parison group over time given that the age distribution of the United
States has changed over the last several decades.

Measures

In both datasets, current smokers were defined as individuals who
had smoked at least 100 cigarettes in their lifetime and answered
“every day” or “some days” to the question “Do you now smoke
cigarettes every day, some days, or not at all?” Former smokers were
defined as ever smokers who answered “not at all” to the question
“Do you now smoke cigarettes every day, some days, or not at all?”
E-cigarette usage was queried in the most recent NHIS (2014-2016)
and TUS-CPS (2014-2015) surveys. Current e-cigarette users were
those who answered “every day” or “some days” to the question
“Do you now use an e-cigarette every day, some days, or not at all?”

We analyzed past-12-month quit attempts and smoking cessation
among respondents who were current smokers or reported quitting
less than 12 months ago. In both the NHIS and the TUS-CPS, a quit
attempt was defined as having tried to quit smoking and abstaining
for at least 1 day in the past 12 months. Past-12-month cessation
was defined as the percentage of smokers who had quit in the past
12 months and remained abstinent for at least 3 months at the time
of the interview.

In addition, we considered demographic characteristics that
might affect smoking behaviors in our logistic regression models,
including sex, age, race/ethnicity, education, employment status, geo-
graphic region, and annual household income. For the TUS-CPS, we
also included combustible cigarette smoking frequency (every day or
some days) as a covariate. Smoking frequency was not included as
a covariate in the NHIS analyses because this information was only
available for current smokers and not for former smokers.

Data Analysis

Data for the NHIS were accessed through the Integrated Public
Use Microdata Series (IPUMS).** Data from the 2010-2011
and 2014-2015 TUS-CPS surveys were downloaded from the

TUS-CPS website.?*?” Data from the 2006-2007 TUS-CPS survey
were requested from the US Census Bureau.?® All statistical analyses
were performed using SAS 9.4 (Cary, NC) using survey procedures
and weighted to produce nationally representative estimates and to
account for complex sample design. Self-response replicate weights,
derived using balanced repeated replication (BRR), were used to ob-
tain estimates of variance for TUS-CPS data analyses. Multivariable
logistic regression analyses were used to test whether past-12-month
quit attempts and past-12-month cessation rates changed over time
by entering survey year as a categorical variable and adjusting for
sex, age, race/ethnicity, education, employment status, geographic re-
gion, and annual household income. Smoking frequency (every day
vs some-day smoking) was also included for TUS-CPS analyses.

For the survey years in which e-cigarette data were available
in the NHIS (2014-2016) and TUS-CPS (2014-2015), past-12-
month quit attempts and cessation were stratified by e-cigarette use.
E-cigarette usage was divided into two categories: (1) current e-cig-
arette use defined as e-cigarette use every day or some days at the
time of the survey and (2) no current e-cigarette use, which included
never use of an e-cigarette and previous e-cigarette use, but none at
the time of the survey.

Results

The demographic characteristics of the samples analyzed from
the NHIS (N = 26,354) and the TUS-CPS (N = 33,627) are pre-
sented in Supplementary Table 1. Analyses of past-12-month quit
attempts and smoking cessation focused on current smokers (NHIS
N = 24,027 and TUS-CPS N = 30,045) and recent former smokers
(NHIS N = 2,327 and TUS-CPS N = 3,582).

Past-12-Month Quit Attempts 2006-2016

In the NHIS dataset, past-12-month quit attempts increased from
49.9% in 2006 to 58.0% in 2016 (Figure 1A). Multivariable regres-
sion analyses showed that past-12-month quit attempts increased
significantly in 2014, 2015, and 2016 relative to the year 2006 (p
< .05 for all comparisons) (Table 1; results of the full model are
included in Supplementary Table 2). In the TUS-CPS dataset, past-
12-month quit attempts increased from 38.6% in 2006-2007 to
46.3% in 2014-2015 (Supplementary Figure 1a). Compared with
2006-2007, past-12-month quit attempts increased significantly in
2010-2011 (adjusted odds ratio [aOR] = 1.07, 95% confidence inter-
val [CI] = 1.04 to 1.11, p = .0002) and in 2014-2015 (aOR = 1.29,
95% CI = 1.24 to 1.34, p < .0001) (Supplementary Table 3). In the
TUS-CPS dataset, analyses included a comparison between everyday
smokers and some-day smokers. Those who smoked every day were
significantly less likely to make a quit attempt in the past 12 months
(aOR = 0.89, 95% CI = 0.86 to 0.92, p < .0001) compared with
some-day smokers.

Past-12-Month Smoking Cessation 2006-2016

From 2006 to 2016, past-12-month smoking cessation increased
from 4.4% to 8.3% in the NHIS sample (Figure 1B). Multivariable
logistic regression results indicated that the only significant increase
in annual cessation occurred in 2016 relative to 2006 (aOR = 1.89,
95% CI=1.38 t0 2.59,p <.0001) (Table 1; results of the full model
are included in Supplementary Table 2). Similar trends were seen in
the TUS-CPS, with annual cessation increasing from 4.6% in 2006—
2007 to 6.0% in 2014-2015 (Supplementary Figure 1b). Compared
with 2006-2007, the only significant increase in annual cessation
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Figure 1. Past-12-month quit attempts and smoking cessation in 25- to 44-year-olds, NHIS 2006-2016. (A) Quit attempt rate (defined as having tried to quit smoking
and stopping smoking for at least 1 day during the past 12 months). For survey years containing data on e-cigarette use (2014-2016), the quit attempt rate is stratified
according to current e-cigarette use. (B) Annual cessation rate (defined as quitting during the past 12 months and remaining abstinent for at least 3 months at the
time of interview). For survey years containing data on e-cigarette use (2014-2016), the cessation rate is stratified according to current e-cigarette use.

was seen in the most recent survey period 2014-2015 (aOR = 1.24,
95% CI = 1.15 to 1.34, p < .0001) (Supplementary Table 3).
Everyday smokers were less likely to report past-12-month cessation
compared with some-day smokers (aOR = 0.82, 95% CI = 0.76 to
0.87,p <.0001).

Relation of Past-12-Month Quit Attempts and
E-Cigarette Use 2014-2016

We further focused on the NHIS surveys from 2014-2016 to
examine the relation of past-12-month quit attempts and e-cigarette
use. Of these respondents, 15.2% (N = 1,045) were current e-ciga-
rette users. Past-12-month quit attempts for the years 2014-2016
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Table 1. Adjusted Odds Ratios? for Past-12-Month Quit Attempts
and Past-12-Month Smoking Cessation, NHIS 2006-2016

Quit attempt® Smoking cessation®

aOR 95% CI P aOR 95% CI P
Year

2006 ref ref
2007 092  0.79-1.06 .25 1.16  0.79-1.70 44
2008 0.96  0.82-1.11 .58 1.10  0.78-1.56 .59
2009 1.04  0.90-1.20 .62 1.17  0.85-1.61 .33
2010 1.16 1.01-1.34 .04 1.20  0.85-1.70 29
2011 1.00 0.87-1.14 .98 1.21 0.89-1.65 23
2012 1.13 0.98-1.29 .09 1.37 1.01-1.84 .04
2013 1.07  0.94-1.23 31 1.33 0.97-1.81 .08
2014 1.20 1.03-1.39 .02 1.35 0.97-1.89 .08
2015 1.26 1.08-1.46  .003 1.39 0.99-1.95 .05
2016 1.26 1.08-1.47  .003 1.89 1.38-2.59  <.0001

aOR = adjusted odds ratio; CI = confidence interval.

2Adjusted for sex, age, race/ethnicity, educational attainment, employment sta-
tus, geographic region, and annual household income.

"Defined as having tried to quit smoking and stopping smoking for at least
1 day during the past 12 months.

‘Defined as quitting during the past 12 months and remaining abstinent for at
least three months at the time of the interview.

for smokers who were not currently using e-cigarettes at the time of
the survey (54.5%) were similar to those in previous years (50.0%
in 2006 to 53.3% in 2013) (Figure 1A). However, among those
using e-cigarettes at the time of the survey, 72.0% reported making
a quit attempt during the past 12 months. Multivariable regression
analyses for the years 2014-2016 revealed that past-12-month quit
attempts for current e-cigarette users were significantly higher than
for nonusers (aOR =2.29,95% CI = 1.87 t0 2.81,p <.0001) (results
of the full model are included in Supplementary Table 4).

Similar findings were seen in the TUS-CPS dataset, with 13.5%
(N = 1,215) of respondents reporting current e-cigarette use. The
prevalence of past-12-month quit attempts for smokers who were
not using e-cigarettes at the time of the 2014-2015 survey was
43.3%, which was similar to the prevalence in 2006-2007 (38.6%)
and 2010-2011 (41.5%). Among smokers who were current e-cig-
arette users in 2014-2015, 65.8% had made a past-12-month quit
attempt (Supplementary Figure 1a). The TUS-CPS dataset had add-
itional information on smoking frequency (every day vs some days)
in those who quit in the past 12 months. We divided combustible
cigarette smokers into those who smoked some days and those who
smoked every day and examined past-12-month quit attempts and
current e-cigarette use. Current e-cigarette use at the time of the
survey was associated with increased past-12-month quit attempts
in both some-day and everyday combustible cigarette smokers.
Among some-day smokers, 60.9% who currently used e-cigarettes
reported making a quit attempt during the past 12 months compared
with 46.7% of those who did not use e-cigarettes (Supplementary
Figure 2a). Among everyday smokers, a past-12-month quit attempt
was made by 67.1% of those who used e-cigarettes and by 42.2% of
those who did not use e-cigarettes (Supplementary Figure 2a).

A multivariable logistic regression of the TUS-CPS 2014-2015
data revealed a significant interaction between smoking frequency
(everyday and some-day smoking) and current e-cigarette use (p <
.0001) in influencing past-12-month quit attempts. Some-day smok-
ers who were not current e-cigarette users served as the reference

group. Some-day smokers who currently used e-cigarettes were
more likely to make past-12-month quit attempts (aOR = 1.70,
95% CI = 1.43 to 2.01, p < .0001; Supplementary Table 5) as
were everyday smokers who used e-cigarettes (aOR = 2.42, 95%
Cl=2.18 t0 2.67,p < .0001). Everyday smokers who were not cur-
rently using e-cigarettes were less likely to make a quit attempt in
the past 12 months (aOR = 0.86,95% CI = 0.81 to 0.92,p <.0001).

Relation of Past-12-Month Cessation and E-Cigarette
Use 2014-2016

With respect to smoking cessation in the past 12 months, current
e-cigarette users also had higher rates of smoking cessation than non-
users in the NHIS dataset. For 2014-2016, 10.1% of those currently
using e-cigarettes reported quitting in the past 12 months compared
with 6.3% of those not currently using e-cigarettes (Figure 1B).
Multivariable logistic regression confirmed that current e-cigarette
use was associated with significantly higher past-12-month cessa-
tion for 2014-2016 (aOR = 1.64, 95% CI = 1.21 to 2.21, p = .001)
(results of the full model are included in Supplementary Table 4).

Results were similar in the 2014-2015 TUS-CPS dataset, with a
past-12-month cessation rate of 9.5% for current e-cigarette users
compared with 5.5% for those not currently using e-cigarettes
(Supplementary Figure 1b). Current e-cigarette use made no signifi-
cant difference in past-12-month cessation among some-day smok-
ers; 5.6% of those who currently used e-cigarettes reported quitting
as did 7.1% of those who did not use e-cigarettes (Supplementary
Figure 2b). Among everyday smokers, however, current e-cigarette
use made a significant difference in past-12-month cessation; 10.6%
of everyday smokers who used e-cigarettes reported quitting in the
past 12 months as compared with 5.0% of everyday smokers who
did not use e-cigarettes (Supplementary Figure 2b).

Multivariable logistic regression of TUS-CPS 2014-2015 data
showed that current e-cigarette use was significantly associated with
increased past-12-month smoking cessation, and yielded a signifi-
cant interaction for smoking frequency (everyday and some-day
smoking) and current e-cigarette use (p < .0001). Current e-cigarette
use was not associated with combustible cigarette smoking cessation
in the past 12 months among some-day smokers (aOR = 0.74, 95%
CI =0.54 to 1.02, p = .06; Supplementary Table 5). Everyday smok-
ers who were not currently using e-cigarettes were less likely to have
successfully quit smoking in the past 12 months (aOR = 0.86, 95%
CI = 0.75 to 0.98, p = .03) compared with some-day smokers who
were not current e-cigarette users. Everyday smokers who currently
used e-cigarettes were significantly more likely to quit smoking dur-
ing the past 12 months compared with the reference group of some-
day smokers who did not currently use e-cigarettes (aOR = 1.89,
95% CI = 1.57 to 2.28, p < .0001).

Extension of Analyses to Other Age Groups

We repeated the analysis of past-12-month quit attempts and smok-
ing cessation by current e-cigarette use for smokers aged 18-24
and those aged 45 and older. In keeping with the results for 25-
to 44-year-olds, in 18- to 24-year-olds a significantly higher pro-
portion of e-cigarette users reported past-12-month quit attempts
in the NHIS (aOR = 1.89, 95% CI = 1.22 to 2.91, p < .005) and
the TUS-CPS (aOR = 1.75, 95% CI = 1.46 to 2.12, p < .0001).
The same was true for those aged 45 years and older in both the
NHIS (aOR = 2.12, 95% CI = 1.68 to 2.68, p < .0001) and the
TUS-CPS (aOR = 2.21, 95% CI = 2.06 to 2.37, p < .0001). There
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was no difference in past-12-month smoking cessation between cur-
rent e-cigarette users and nonusers among the 18- to 24-year-olds
in either dataset. However, consistent with the results for 25- to
44-year-olds, among those aged 45 years and older, a significantly
higher proportion of e-cigarette users reported past-12-month cessa-
tion than nonusers in both the NHIS (aOR = 2.05, 95% CI = 1.39
to 3.01, p = .0003) and the TUS-CPS (aOR = 1.76, 95% CI = 1.56
to 1.99, p < .0001).

Discussion

Since the introduction of e-cigarettes to the US market, there has
been speculation that e-cigarettes will have a detrimental effect on
smoking cessation by delaying quit attempts or reducing smoking
cessation success among those who attempt to quit. In two large,
nationally representative surveys, past-12-month quit attempts and
successful smoking cessation significantly increased in the years
of increased e-cigarette use as compared with 2006. Importantly,
combustible cigarette smokers who reported current use of e-cig-
arettes at the time of the survey also reported significantly more
past-12-month attempts to quit smoking and had higher rates of
successful cessation in the past 12 months than did those who did
not currently use e-cigarettes. These data are inconsistent with the
hypothesis that e-cigarette usage has been detrimental to smoking
cessation among established combustible cigarette smokers at a
population-based level.

Strengths and Limitations

Our study has several methodological strengths. We used two large,
nationally representative surveys of the US population to examine
and confirm trends in past-12-month quit attempts and smoking ces-
sation among adults. We also adjusted for demographic changes in
the population during this period of time while examining trends in
smoking behavior. Furthermore, our study focused analyses on those
aged 25-44, as this group has transitioned through the development
of smoking behaviors and is less affected than older adults by health
conditions that may influence smoking status. We decided to analyze
data from 2006 to 2016 because that period encompassed years that
preceded and years that followed the introduction and widespread
use of e-cigarettes into the US market; this was intended to enhance
detection of e-cigarette effects.

The findings of this study are limited by several factors. Our
study was cross-sectional, preventing the determination of temporal
relations and stronger causal inference. Also, the current analyses
focused on those who were currently using e-cigarettes; this may
over-represent those who found e-cigarettes especially effective or
satisfying. The surveys used relied on participant self-report, and
questions about smoking behavior and cessation strategies were lim-
ited. In addition, questions about the use of e-cigarettes were not
introduced into the surveys until 2014, so the lack of information
regarding use of e-cigarettes in earlier survey years prevented a fuller
exploration of the relationship between e-cigarette use and past-12-
month quit attempts and smoking cessation.

Association of Smoking Cessation and

E-cigarette Use

Nonetheless, our findings show that among combustible cigarette
smokers, past-12-month quit attempts and smoking cessation were
not lower among those using e-cigarettes, and instead e-cigarette use

may have contributed to the recent increase in past-12-month quit
attempts and smoking cessation. Examining the period from 2014
to 2016, and after adjusting for many characteristics that influence
past-12-month quit attempts and smoking cessation (sex, age, race,
education, employment status, geographic region, and annual house-
hold income), smokers who used e-cigarettes at the time of the sur-
vey reported significantly higher past-12-month quit attempts and
smoking cessation than did smokers who did not use e-cigarettes.
This finding was seen across both population-based datasets and is
in keeping with Zhu et al.?* and other studies that found that e-cig-
arette use was positively associated with quit attempts and smok-
ing cessation.!>!633-35 In contrast, these population-based results did
not confirm the prospective cohort study by Weaver et al.?* In that
study of 858 combustible cigarette smokers who were followed over
1 year, those who used electronic nicotine devices (ENDs) were less
likely to quit in the follow-up period. This study had just 248 ENDs
users in the sample, which may not have captured the range of smok-
ing behavior in a larger population-based study.

Extension of Association of E-cigarette Use and
Smoking Cessation to Other Age Groups

The association between e-cigarette use and past-12-month quit
attempts and smoking cessation also extends to other age groups.
Past-12-month quit attempts were increased among those who cur-
rently used e-cigarettes in both younger (18-24 years) and older
(45 years and older) age groups. E-cigarette use was associated with
increased past-12-month smoking cessation in the older group, but
not among the group under 25 years of age.

Interplay Between E-cigarette Use and Smoking
Frequency

We were able to further examine past-12-month quit attempts and
cessation according to smoking frequency (everyday and some-
day smoking) in the TUS-CPS dataset. We found a significant
interaction between smoking frequency and current e-cigarette
use for both past-12-month quit attempts and smoking cessation.
E-cigarette use was associated with increased quit attempts and
successful smoking cessation in the group who overall was less
likely to quit. Among everyday smokers, current e-cigarette use was
significantly associated with past-12-month quit attempts (67.1%
vs 42.2%) and cessation (10.6% vs 5.0%) compared with non—
e-cigarette users. Among some-day smokers, current e-cigarette
use was associated with increased past-12-month quit attempts
(60.9% vs 46.7%), but did not alter past-12-month smoking ces-
sation (5.6% vs 7.1%).

Balance Between Smoking Initiation and Cessation

The proportion of the population who smoke combustible ciga-
rettes represents a dynamic balance between the number of indi-
viduals who initiate smoking and those who successfully quit and
become former smokers. Most individuals initiate smoking by age
18," and our analyses focused on those aged 25-44 years from
2006 to 2016, which represented a population that established
combustible cigarette smoking prior to the widespread entrance of
e-cigarettes into the US market. E-cigarettes may be beneficial to
this group in reducing combustible cigarette use; however, whether
e-cigarettes contribute to greater initiation of combustible cigarette
use among younger groups remains a public health concern and is
not addressed in this study.
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Conclusion

We examined past-12-month quit attempts and smoking cessation
among adults aged 25-44 in the United States from 2006 to 2016.
This is a particularly important period to analyze smoking behaviors
given that it encompasses the introduction of e-cigarettes into the US
market in 2006 and their subsequent increased use. Notably, during
the period of time when e-cigarette use was markedly increasing, the
use of combustible cigarettes declined. Past-12-month quit attempts
and cessation rates are on the rise and show significant increases
in the most recent NHIS and TUS-CPS surveys. At the very least,
these findings suggest that current e-cigarette use does not delay quit
attempts or prevent smoking cessation in this age group. In fact, the
strongest findings with respect to e-cigarette use and past-12-month
cessation were seen among everyday smokers—the group who has
the most difficulty quitting. These findings clearly show that the
introduction of e-cigarettes has not prevented a reduction of smok-
ing in the population to date and may have encouraged it, though the
use and effects of e-cigarettes may certainly change in the future. The
current findings may be relevant to future tobacco control policies
and interventions.

Supplementary Material

Supplementary data are available at Nicotine & Tobacco Research
online.
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