
Nicotine & Tobacco Research, 2021, 669–677
doi:10.1093/ntr/ntaa182

Original Investigation

669

Received May 25, 2020; Editorial Decision September 7, 2020; Accepted September 11, 2020

© The Author(s) 2020. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco. All rights reserved. 
For permissions, please e-mail: journals.permissions@oup.com.

Original Investigation

Patterns of E-cigarette Use and Subsequent 
Cigarette Smoking Cessation Over 2 Years 
(2013/2014–2015/2016) in the Population 
Assessment of Tobacco and Health Study
Allison M. Glasser MPH1,2, , Mahathi Vojjala MPH1, Jennifer Cantrell DrPH, 
MPA1, David T. Levy PhD3, , Daniel P. Giovenco PhD, MPH4, David Abrams, 
PhD1, Raymond Niaura, PhD1

1Department of Social and Behavioral Sciences, New York University School of Global Public Health, New York, NY; 
2Division of Health Behavior and Health Promotion, The Ohio State University College of Public Health, Columbus, OH; 
3Georgetown University, Lombardi Comprehensive Cancer Center, Washington, DC; 4Department of Sociomedical 
Sciences, Columbia University Mailman School of Public Health, New York, NY

Corresponding Author: Allison M. Glasser, MPH, Department of Social and Behavioral Sciences, New York University 
School of Global Public Health, 715 Broadway, New York, NY 10003. E-mail: ag6507@nyu.edu

Abstract

Introduction: Understanding the population impact of e-cigarettes requires determining their ef-
fect on cigarette smoking cessation.
Methods: Using the US Population Assessment of Tobacco and Health cohort, we examined 
smoking cessation among adult current cigarette smokers at Wave 1 with follow-up data at Waves 
2 and 3 (n = 9724).
Results: By Wave 3 (2015/2016), 17.3% of smokers had quit smoking. Smokers using e-cigarettes daily or 
who increased to daily use over the three waves were two to four times more likely to have quit in the 
short term (<1 year) and long term (1+ years) compared with never e-cigarette users (p < .001). E-cigarette 
use in the last quit attempt was associated with a higher likelihood of short-term (<1 year) quitting at 
Wave 3 (adjusted relative risk ratio: 1.33; 95% confidence interval: 1.04, 1.71) compared with smokers who 
did not use an e-cigarette in their last quit attempt. Noncurrent (no use in any wave) e-cigarette users and 
users who were unstable in use frequency were 33% and 47% less likely to quit in the short-term, respect-
ively (p < .001). Flavored (vs nonflavored) and using a rechargeable (vs disposable) e-cigarette device was 
associated with an increased likelihood of both short- and long-term quitting.
Conclusion: Smoking cessation was more likely among frequent e-cigarette users, users of 
e-cigarettes in last quit attempt, and users of flavored and rechargeable devices. Less frequent, un-
stable, past, or never e-cigarette users were less likely to quit smoking. Monitoring the relationship 
between patterns of e-cigarette and cigarette use is complex but critical for gauging the potential 
of e-cigarettes as a harm reduction tool.
Implications: This study suggests that consistent and frequent e-cigarette use over time is asso-
ciated with cigarette smoking cessation among adults in the United States. In addition, findings 
suggest that flavored e-cigarette use and use of rechargeable e-cigarette devices can facilitate 
smoking cessation. These results underscore the importance of carefully defining and character-
izing e-cigarette exposure patterns, potential confounders, and use of e-cigarettes to quit smoking, 
as well as variations in length of the smoking cessation.
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Introduction

Cigarette smoking remains the leading cause of preventable death 
and disease in the United States.1 Although current cigarette 
smoking has declined among adults in the United States to a re-
cord low of 13.7% in 2018,2 progress has been slow to prevent the 
nearly half million deaths that occur each year due to smoking.1 In 
2015, although 55.4% of adult smokers in the United States made 
a quit attempt in the past year, only 7.4% of adults successfully 
quit.3 In addition, less than one third of smokers who tried to quit 
used an evidence-based cessation method to quit.3 As a consumer 
product in the United States, electronic cigarettes (e-cigarettes) are 
increasingly used and possess the potential to help more smokers 
quit smoking.4

E-cigarette use has increased in popularity with 3.2% of 
adults reporting current e-cigarette use in 2018 in the United 
States.2 The majority of adult e-cigarette users are current or re-
cent former smokers.5,6 From 2014 to 2016, nearly two thirds 
of US adult cigarette smokers reported having used e-cigarettes 
in their last quit attempt, with 35.3% substituting some regular 
cigarettes with e-cigarettes and 24.7% switching completely to 
e-cigarettes.7 E-cigarettes have the potential to be an effective aid 
to smoking cessation that is more accessible and appealing8 than 
some other quit methods, such as nicotine replacement therapy. 
Two reviews have concluded that e-cigarettes inhibit smoking 
cessation,9,10 whereas others conclude that e-cigarettes facili-
tate smoking cessation, but that low-quality studies necessitate 
more high-quality randomized controlled trials and prospective 
studies.11–13 A Cochrane review in 2014 found that two random-
ized controlled trials demonstrated long-term success in smoking 
cessation with use of a nicotine-containing e-cigarette.14 Since 
then, more randomized controlled trials15–18 and several strong 
observational studies19–25 have generally found that e-cigarette 
use can facilitate quit attempts and cessation.26,27 These findings 
are supported by recent e-cigarette comprehensive reviews from 
Public Health England28 and the National Academies of Sciences, 
Engineering and Medicine.29

A recent review found that the results of studies examining 
the impact of e-cigarette use on cigarette smoking cessation varied 
with the sample, study design, and the use of different exposures, 
covariates, and outcome measures.26 Nationally representative pro-
spective cohort studies in the United States show that more intense 
e-cigarette use, including daily and long-term use, is associated with 
smoking cessation.19,20,22,23 Adult smokers followed from 2012 to 
2014 reported more quit attempts and smoking cessation if they 
used e-cigarettes over the course of the study.23 In 2014/2015, adult 
smokers in the United States who used e-cigarettes were more likely 
to have made a quit attempt.20,30 Furthermore, quit success (quit 
for at least 3 months) was lower among ever (but noncurrent) and 
someday e-cigarette users and higher among users on at least 5 days 
in the past month and daily users.20,31 Daily e-cigarette use was also 
associated with higher prevalence of having quit smoking within the 
past 5 years (52.2% daily e-cigarette users, 28.2% never e-cigarette 
users), and smokers who were someday e-cigarettes users were the 
least likely to have quit cigarettes (12.1%);  19 this was also found in 
2016/2017.22

Some studies suggest that use of flavored e-cigarettes facilitates 
smoking cessation. The proportion of adult e-cigarette users in the 
United States who initiate with and currently use tobacco- and 
mint-flavored e-cigarettes has declined over time, even among dual 
users and former smokers.32 Initiation of multiple flavors has been 

associated with complete switching from cigarettes to e-cigarettes 
(vs remaining a smoker and rejecting e-cigarettes) among adults.33 
In addition, e-cigarette users have reported initiating with tobacco- 
or mint-flavored e-cigarettes, but switching to fruit or candy flavors 
over time.34 About 10% of these e-cigarette users indicated that if 
nontobacco-flavored e-cigarettes were no longer available, they 
would switch back to conventional cigarettes.34 Device type may 
also play a role in smoking cessation. E-cigarette devices with tanks 
and cartridges appear to be substitutes for cigarettes, but disposable 
e-cigarettes are not.35

Similar to other national surveys, data from the Population 
Assessment of Tobacco and Health (PATH) cohort study show 
that from baseline (2013/2014—Wave 1)  to the first follow-up 
(2014/2015—Wave 2), daily e-cigarette users (vs nondaily users) at 
baseline, those who indicated using an e-cigarette in their last quit 
attempt, and those who used an e-cigarette with one or more fla-
vors were more likely to report smoking cessation 1 year later.36–39 
Another study found that e-cigarette use (regular use and noncurrent 
use groups) at baseline was associated with smoking relapse at the 
1-year follow-up among baseline former smokers.40,41 Two studies 
have examined three waves of PATH data (2  years of follow-up). 
One reported that daily (but not nondaily) e-cigarette use at baseline 
was associated with past 30-day smoking abstinence at both the 1- 
and 2-year follow-ups.42 The other study compared groups of dual 
cigarette smokers and e-cigarette users based on the frequency of use 
of both products and found that the most common dual-use pattern, 
predominant smoking (daily smoking, someday e-cigarette use), was 
the least likely to result in complete switching to e-cigarettes at the 
2-year follow-up.43

Taken together, the studies to date show variability in results due 
to different study designs and samples as well as variations in the 
definition of e-cigarette use, device type, flavors used, quit attempts, 
and smoking cessation outcomes. Although the different studies have 
shed light on the importance of e-cigarette use patterns, device type, 
and the nature of the quit attempt individually or in some combin-
ation, none has systematically attempted to comprehensively incorp-
orate all of these factors. The aim of this study is to extend previous 
PATH and other related study approaches to explore in more depth 
the patterns of e-cigarette use on smoking cessation. We address this 
aim by examining data across three waves in the PATH cohort over 
2 years. Based on the findings of prior studies, we hypothesize that 
frequent and consistent e-cigarette use, e-cigarette use in a quit at-
tempt, flavored e-cigarette use, and use of rechargeable e-cigarette 
devices would be associated with increased smoking cessation.

Methods

Data Source
The PATH Study is an ongoing, nationally representative, longi-
tudinal cohort study of adults and youth in the United States. The 
National Institutes of Health’s National Institute on Drug Abuse and 
the Food and Drug Administration’s Center for Tobacco Products 
have contracted Westat to conduct the PATH Study. Wave 1 data 
were collected from September 2013 to December 2014, Wave 
2 data were collected from October 2014 to October 2015, and 
Wave 3 data were collected from October 2015 to October 2016. 
Participants were recruited by a stratified address-based, area-
probability sampling design, oversampling adult tobacco users, 
young adults (18–24 years), and African American adults. Up to two 
adults ≥18  years were interviewed per household, resulting in 32 
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320 completed adult interviews at Wave 1, 28 362 at Wave 2, and 28 
148 at Wave 3 for an overall weighted response rate of 78.4%. The 
differences in the number of completed interviews between waves 
reflect attrition due to nonresponse, mortality, and other factors.

This article specifically examines smoking cessation among adult 
current (report smoking cigarettes “every day” or “somedays”) cig-
arette smokers at Wave 1 who have follow-up information at Waves 
2 and 3 (n = 9724). Further details regarding the PATH study design 
and methods are published elsewhere44 and can be viewed, along 
with information on accessing the data, at https://doi.org/10.3886/
Series606.

Measures
Demographic and Tobacco Use Characteristics
Demographic information at Wave 1 was reported on gender, age, race/
ethnicity (non-Hispanic White, non-Hispanic Black, non-Hispanic 
other, and Hispanic any race), highest level of education, and household 
income. Tobacco use characteristics at Wave 1 were also reported. A to-
bacco dependence composite score was developed using 16 indicators 
of tobacco dependence based on previous analyses with this data set (eg, 
frequent craving, perception that use is out of control).45 We also con-
sider whether the participant had smoked 100 cigarettes in his/her life-
time, other past 30-day tobacco (hookah, traditional cigars, cigarillos, 
filtered cigars, pipe, smokeless tobacco, snus, or dissolvable tobacco) 
use, and use of other evidence-based methods to aid in quitting in the 
past year (support of friends/family, counseling/quitline/web-based pro-
gram, nicotine patch/gum/spray/lozenge, or prescription drug).

Explanatory Variables

E-cigarette Use at Baseline and Stability Across Waves
Self-reported e-cigarette use was assessed at each wave. E-cigarette 
user groups at Wave 1 (baseline) were created to characterize the 
sample based on a previous study5 and were defined as follows: never 
users (have never tried the product); former triers (have ever tried 
the product but report using “not at all” at the time of the baseline 
survey); someday users (use “somedays” at the time of the baseline 
survey); and daily users (use “every day” at the time of the baseline 
survey). Groups were additionally defined by reported use across the 
three waves (Table 1). Stable never users never used an e-cigarette 
at any wave; stable noncurrent users ever used an e-cigarette at any 
wave but never reported someday or daily use; stable or increased 
daily users consistently used e-cigarettes daily at each wave or in-
creased from no or low e-cigarette use to daily use; and unstable/
decreased users were those with inconsistent and/or low-level use 

across waves. These unstable users were combined into one group 
because they never achieved a high or consistent “dose” of exposure 
to e-cigarettes over the study.

Use of an E-cigarette in One’s Last Quit Attempt
We measured whether e-cigarettes were used in the respondent’s 
last attempt to quit smoking cigarettes among those who quit or at-
tempted to quit in the past year (yes or no). The exposure of interest 
was whether smokers reported use of e-cigarettes in their last quit 
attempt at either Wave 2 or Wave 3 (reporting this at Wave 1 does 
not reflect quitting behavior during the study).

Flavored E-cigarette Use
We examined whether the respondent’s regular or last brand of 
e-cigarettes was flavored. At Waves 1 and 2, e-cigarette users who 
reported a regular brand of e-cigarette were asked, “[Is | was] [your 
regular brand | the last brand] you [use | used] flavored to taste like 
menthol, mint, clove, spice, candy, fruit, chocolate, alcohol (such as 
wine or cognac), or other sweets?” At Wave 3, e-cigarette users were 
asked, “What flavor [is/was] [your regular brand/the brand you last 
used]? Choose all that apply (tobacco-flavored; menthol or mint; 
clove or spice; fruit; chocolate; an alcoholic drink [such as wine, 
cognac, margarita or other cocktails]; a nonalcoholic drink [such 
as coffee, soda energy drinks, or other beverages]; candy, dessert of 
other sweets; some other flavor). Those who responded “no” to the 
Waves 1 and 2 item and those who responded “tobacco-flavored” 
to the Wave 3 item were defined as having used a nonflavored 
e-cigarette. Flavored users were divided into those who used a fla-
vored e-cigarette at only one out of the three waves and those who 
used a flavored e-cigarette at two or more waves.

E-cigarette Device Type
We also considered whether the e-cigarette device used most of the 
time was disposable or rechargeable. We defined exposure as using a 
disposable device, using a rechargeable device at only one out of the 
three waves, or using a rechargeable device at two or more waves.

Outcome Variable
We assessed quitting cigarette smoking between Waves 1 and 3, defined 
as being a current smoker (daily or someday) at Wave 1 and having quit 
at Wave 3 (reporting that they are “not at all” smoking currently or they 
have not smoked in the past 12 months). Quitters were divided into 
those who quit in the short term (within the past year; between Waves 
2 and 3) or long term (more than 1 year ago; between Waves 1 and 2).

Table 1. E-Cigarette User Groups by Transition Across Waves

User group Definition

Stable never user Never used an e-cigarette at any wave
Stable noncurrent user Ever used an e-cigarette at any wave, but never reported someday or daily use
Decrease/unstable Decrease 

• Reported someday or daily use of an e-cigarette at Wave 1 and reduced frequency (daily to someday) or 
stopped e-cigarette use at subsequent waves 

Unstable 
• Increased, then decreased frequency of e-cigarette use (or stopped e-cigarette use) across waves 
• Decreased (or stopped e-cigarette use), then increased frequency of e-cigarette use across waves 
• Reported someday use of e-cigarettes at all waves

Increase/stable daily user Reported never, ever, or someday use of e-cigarettes at Wave 1 and increased to daily use at Wave 2 or 3 
Reported daily use of e-cigarettes at all waves

https://doi.org/10.3886/Series606
https://doi.org/10.3886/Series606
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Analyses
The PATH Study population and replicate weights were used to ad-
just for complex study design characteristics such as oversampling 
and nonresponse. The weights produce estimates that are representa-
tive of the US noninstitutionalized, civilian population ages 18 years 
and older adjusting for nonresponse from Wave 1. Demographic dis-
tributions were calculated for Wave 1 everyday or someday smokers. 
Crude and adjusted relative risk ratios were estimated to examine 
smoking cessation by e-cigarette use (use status, use in last quit at-
tempt, regular brand flavored use, and device type) between Waves 1 
and 3 using multinomial logistic regression analyses. Effect measure 
modification by daily and nondaily smoking was explored. All ana-
lyses were conducted using Stata SE Version 15.1.

Results

Sample Characteristics at Wave 1
At Wave 1, current smokers were majority male, 25–44 or 
45–64 years of age, White (non-Hispanic), with a high school edu-
cation or some college, and with a household income of <$25 000 
per year (Table 2). Smokers were mostly tobacco dependent and had 
smoked at least 100 cigarettes in their lifetime (85.5%). Less than one 
third (26.3%) of smokers had used another tobacco product (other 
than cigarettes or e-cigarettes) in the past 30 days. Among smokers 
who made an attempt to quit in the past year, over half (53.9%) re-
ported using an evidence-based smoking cessation method.

At Wave 1, 42.8% of smokers had never used an e-cigarette, 
36.6% had formerly used an e-cigarette but were noncurrent users, 
17.4% used an e-cigarette somedays, and 3.3% used an e-cigarette 
daily. Less than a third (27.1%) of smokers at Wave 1 who had 
made a quit attempt in the past year reported using an e-cigarette 
to quit in their last quit attempt. The majority of smokers who used 
e-cigarettes reported that their regular e-cigarette brand was flavored 
(63.4%) and used a rechargeable device most of the time (69.8%).

Across the three waves, 28.1% of respondents were lost to 
follow-up. There were few significant (p < .05) differences be-
tween participants who were retained in the study and those lost to 
follow-up. Participants who were lost to follow-up were more likely 
to be male, young adults (18–24 years), White, non-Hispanic, and 
made a household income of $50 000–$99 999 annually. There were 
no differences in exposure (e-cigarette use) or having made a quit 
attempt in the past year.

Smoking Cessation
Of the 9724 smokers from Wave 1 with follow-up data at Waves 2 
and 3, 8.5% (n = 810) quit smoking a year ago or more (we refer to 
them as long term) at Wave 3 (ie, quit between Waves 1 and 2), 8.8% 
(n = 895) quit <1 year ago (we refer to them as short term; between 
Waves 2 and 3), and 82.7% (n = 8019) did not quit smoking (Table 3).

Patterns of E-cigarette Use
Increasing frequency of e-cigarette use across waves was associated 
with a higher likelihood of quitting both in the short term (<1 year) 
(relative risk ratio [RRR]: 4.36, 95% confidence interval [CI]: 3.35, 
5.66) and long term (1+ year) (RRR: 1.44, 95% CI: 1.04, 1.99) (vs 
did not quit) compared with never e-cigarette users, and these asso-
ciations remained significant after adjusting for covariates (p < .001). 
In unadjusted analyses, stable noncurrent use of e-cigarettes across 
waves (RRR: 0.57, 95% CI: 0.45, 0.72) and decreasing frequency/

unstable use (RRR: 0.46, 95% CI: 0.37, 0.58) were associated with 
a lower likelihood of long-term quitting (vs did not quit) compared 
with never users of e-cigarettes. These associations remained sig-
nificant after adjusting for covariates. Short-term quitting (vs did 
not quit) was significantly more likely among stable noncurrent 
e-cigarette users compared with never users (RRR: 1.31, 95% 
CI: 1.04, 1.65), but after adjusting for covariates, this association 
was no longer significant. There was significant (p < .0001) effect 
measure modification of the effect of e-cigarette use frequency on 
smoking cessation by smoking frequency at baseline (Supplementary 
Figure 1). Specifically, the likelihood of quitting smoking long term 
was lower for nondaily smokers who increased e-cigarette use across 
waves (vs never users), whereas the likelihood of quitting was higher 
for daily smokers who increased e-cigarette use.

Use of E-cigarettes in Last Quit Attempt
A higher proportion of smokers who had quit within the past year at 
Wave 3 had used an e-cigarette to quit compared with those who did 
not quit and those who quit for a year or more. Smokers who used an 
e-cigarette in their last quit attempt were 1.32 (95% CI: 1.03, 1.71) times 
more likely to quit in the short term (<1 year) (vs did not quit) com-
pared with those who made a quit attempt but did not use an e-cigarette 
in that attempt. This effect differed (p < .01) by baseline smoking fre-
quency in that the likelihood of quitting long term among daily smokers 
was higher if smokers used an e-cigarette in their last quit attempt, but 
nondaily smokers were less likely to quit (Supplementary Figure 2).

Flavored E-cigarette Use
Flavored e-cigarette use at two or more waves was associated with a 
higher likelihood of quitting smoking both for those who quit in the 
short term (RRR: 1.75, 95% CI: 1.18, 2.60) and long term (RRR: 
2.83, 95% CI: 1.69, 4.73), and this result held after adjusting for 
covariates for long-term quitters. In unadjusted models, use of a fla-
vored e-cigarette at one wave was associated with increased likelihood 
of quitting (vs did not quit) in the long term (ie, quit between Waves 1 
and 2), but not for users who quit less than a year ago (ie, quit between 
Waves 2 and 3). After adjusting for covariates, flavored e-cigarette use 
at one wave was not significantly associated with quitting smoking. No 
effect modification was found by baseline smoking frequency.

E-cigarette Device Type
Quitting smoking was higher among rechargeable device users than 
disposable device users. Those who used a rechargeable device were 
1.9 (95% CI: 1.16, 3.09) times more likely to quit within the past 
year (vs did not quit) than those who used a disposable device, and 
those who used a rechargeable device at two or more waves were 
2.08 (95% CI: 1.27, 3.39) times more likely. Device type was not 
associated with long-term quitting. However, there were differences 
by baseline smoking frequency (Supplementary Figure 3); among 
nondaily smokers, e-cigarette device type did not affect smoking 
cessation, but among daily smokers, those who used a rechargeable 
device at two or more waves were significantly more likely to quit.

Discussion

This study examined the impact of e-cigarette use on smoking ces-
sation over 2  years (Waves 1–3) using the longitudinal nationally 

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntaa182#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntaa182#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntaa182#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntaa182#supplementary-data
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Table 2. Characteristics of Current (Daily or Someday) Smokers at Baseline (Wave 1)

Baseline (Wave 1) characteristics Wave 1 current (daily/someday) smoker, n = 9724a

n % 95% CI

Demographic characteristics
 Gender
  Male 4915 53.09 (52.17, 54.52)
  Female 4809 46.91 (45.58, 47.83)
  Missing 0 — —
 Age
  18–24 2239 14.81 (14.00, 15.65)
  25–44 3800 41.97 (40.59, 43.36)
  45–64 3114 36.11 (34.73, 37.50)
  65+ 570 7.12 (6.49, 7.80)
  Missing 1 — —
 Race/ethnicity
  White, non-Hispanic 5834 64.57 (63.12, 65.99)
  Black, non-Hispanic 1540 16.08 (15.09, 17.12)
  Hispanic 1489 13.63 (12.88, 14.41)
  Other, non-Hispanic 669 5.73 (5.15, 6.36)
  Missing 192 — —
 Education
  Less than high school 1780 17.55 (16.77, 18.36)
  High school or GED 3555 38.93 (37.67, 40.20)
  Some college 3343 32.60 (31.38, 33.86)
  Bachelor’s degree + 999 10.92 (10.20, 11.67)
  Missing 47 — —
 Income
  <$25 000 4954 52.54 (50.88, 54.20)
  $25 000–$49 999 2138 24.61 (23.51, 25.74)
  $50 000–$99 999 1383 16.45 (15.45, 17.50)
  $100 000+ 521 6.40 (5.76, 7.11)
  Missing 728 — —
Tobacco use characteristics
 Tobacco dependence
  1st quartile 1364 13.86 (13.00, 14.77)
  2nd quartile 2411 24.85 (23.77, 25.96)
  3rd quartile 2968 31.11 (30.06, 32.18)
  4th quartile 2865 30.18 (28.99, 31.41)
  Missing 116 — —
 100 Cigarette lifetime threshold
  No 1473 14.55 (13.82, 15.30)
  Yes 8212 85.45 (84.70, 86.18)
  Missing 39 — —
 Past 30-d other tobacco product use
  No 6895 73.69 (72.47, 74.87)
  Yes 2829 26.31 (25.13, 27.53)
  Missing 0
Use of a method to quit smoking in the past year (except e-cigarettes)b

  No 1726 46.12 (44.25, 48.00)
  Yes 2016 53.88 (52.00, 55.75)
  Missing 5982 — —
E-cigarette use characteristics
 E-cigarette use status
  Never user 3923 42.75 (41.50, 44.02)
  Former trier 3696 36.60 (35.51, 37.71)
  Someday user 1758 17.35 (16.47, 18.28)
  Daily user 327 3.29 (2.86, 3.78)
  Missing 20 — —
 E-cigarette used in last quit attemptb

  No 2483 72.88 (71.13, 74.56)
  Yes 942 27.12 (25.44, 28.87)
  Missing 6299 — —
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representative PATH survey of US adults. In this study, smokers who 
indicated using e-cigarettes in their last quit attempt were more likely 
to have quit within the past year at Wave 3 (short term) compared 
with those who had not used an e-cigarette to quit. In addition, 
e-cigarette users who had either used e-cigarettes daily throughout 
the 2 years of the study or increased their frequency of use to daily use 
over the study were more likely to report both short- and long-term 
cessation from cigarette smoking versus never e-cigarette users. By 
contrast, smokers who had only used e-cigarettes in the past (ever 
use or use prior to Wave 1) but never became a daily or someday user 
over the course of the study were less likely to have stopped cigarette 
smoking for more than a year by Wave 3 than those who never used 
e-cigarettes. The effects of using an e-cigarette to quit and greater 
frequency of e-cigarette use on the likelihood of quitting appears to 
be stronger among daily smokers versus nondaily smokers. Thus, the 
impact of e-cigarettes on smoking cessation depends not only on the 
frequency, duration, and consistency of e-cigarette use, but poten-
tially on smoking frequency.

Taken together, our findings are consistent with the growing 
body of evidence from prospective and cross-sectional observa-
tional studies19,20,22,23,26 showing that more frequent and stable 
e-cigarette use can help smokers to quit smoking, but that inter-
mittent or infrequent use can be associated with poorer smoking 
cessation outcomes, especially if the e-cigarette exposure is poorly 
defined or measured as historical, but not current use.26 Studies 
that do not consider the potential complexity of use patterns may 
fail to capture quit success in the short term and smoking cessation 
maintenance over time. Our study demonstrates that combining 
daily and non-daily e-cigarette users or including ever but not cur-
rent users can preclude examining important differences among 
subgroups of e-cigarette users and can potentially reduce the as-
sociation between e-cigarette use and smoking cessation.42 These 
groups may differ in a number of other ways (either measured or 
unmeasured), including in their reasons for using e-cigarettes, such 
as use specifically to stop smoking in their most recent quit at-
tempt. Such differences introduce unknown bias into longitudinal 
studies that attempt to select out subgroups or make causal infer-
ences even if the available measured covariates seem to take some 
of the common confounds into account.46,47 Similar discrepancies in 

smoking cessation effectiveness between observational studies and 
numerous randomized controlled trials on use of nicotine replace-
ment therapy have also been reported historically and explained in 
terms of selection bias.26,48,49

Evidence is growing that flavor and device type play a role in 
smoking cessation. In the present study, consistent use (at two or 
more waves) of flavored e-cigarettes was associated with one or 
more years of smoking cessation compared with use of nonflavored/
tobacco flavored e-cigarettes. However, it is unclear given the survey 
question’s wording what respondents who said they did not use a 
flavored e-cigarette meant. All e-cigarettes do have some flavor and 
what may be meant by nonflavored is some form of tobacco flavor. 
In another PATH study, Chen et  al. found a higher likelihood of 
smoking cessation/reduction when using a flavored e-cigarette.39 
Another study found that use of multiple flavors was associated 
with being a former smoker and current e-cigarette user, whereas use 
of tobacco flavor or no flavor was associated with being a current 
smoker and former e-cigarette user.33 Other studies showed that over 
time, smokers who successfully stopped smoking had switched their 
e-cigarette use from tobacco flavors to nontobacco flavors including 
fruity and sweet flavors.16,32 These studies, along with the findings 
from our study, suggest that flavors may play a facilitating role in 
cigarette smoking cessation among adults. Use of a rechargeable de-
vice consistently across two or more waves was also associated with 
a higher likelihood of smoking cessation within the past year when 
compared with use of disposable devices, although this effect was 
only found among daily smokers. This is consistent with evidence 
that advanced-generation, rechargeable devices are generally higher 
powered and have been known to deliver greater nicotine yields to 
the user.50 Advanced-generation devices are also preferred by more 
experienced users.51 However, using the PATH survey, Coleman 
2017 found that the 2013–2014 Wave 1 customizable device use 
(vs noncustomizable device use) was not related to smoking abstin-
ence 1 year later.52 The PATH Wave 3 survey was conducted before 
newer devices that use nicotine salts and advanced technology (eg, 
JUUL) entered the market. Future studies should examine the role of 
different flavors and device types emerging in this rapidly evolving 
market that could help adult smokers quit smoking combustible to-
bacco products.37

Baseline (Wave 1) characteristics Wave 1 current (daily/someday) smoker, n = 9724a

n % 95% CI

 Flavored e-cigarette usec

  No 327 36.59 (33.09, 40.25)
  Yes 662 63.41 (59.75, 66.91)
  Missing 8735
 Device typed

  Disposable 675 30.23 (27.90, 32.67)
  Rechargeable 1588 69.77 (67.33, 72.10)
  Missing 7461 — —

CI = confidence interval.
aAll three waves: N = 23 670.
–Eleven observations were missing r01_ac1002, 5219 replied “no” to r01_ac1002, resulting in 18 440 ever smokers with follow-up data.
–Twelve observations were missing r01_ac1003, 8696 replied “not at all,” resulting in 9732 everyday/someday smokers with follow-up data.
–Eight observations were missing r03_AC1003, resulting in 9724 everyday/someday smokers with follow-up data on quitting.
bAmong those who made a past-year quit attempt.
cAmong current e-cigarette users who reported a regular brand.
dAmong current e-cigarette users.

Table 2. Continued
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There are several limitations to this study. First, because PATH 
is self-reported data, there may be some misclassification of the out-
come or exposure. Second, we are unable to determine the exact 
timing of use of e-cigarettes, any quitting that occurred prior to 
Wave 1, or subsequent quitting after the end of the study as we 
were limited to the 2 years of follow up from the three waves of 
PATH data. Third, we did not know whether the regular device type 
(other than being rechargeable) and flavor reported by participants 
was consistently used over time, as the landscape of devices is ever 
evolving. The change in question wording from Wave 2 to Wave 3 
to assess flavor (from “No” to “Tobacco” response options) could 
have changed how respondents answered the question. There is also 
heterogeneity in the e-cigarette product category in terms of device 
characteristics and nicotine concentrations, factors that might influ-
ence nicotine delivery and absorption (eg, nicotine salts), and how 
consumers use these products in the years after Wave 3 was con-
ducted. Product-specific analyses are required to determine whether 
there is a particular profile of characteristics that are more likely to 
be associated with successful, sustained switching from cigarettes to 
e-cigarettes. As new products become available, it will be important 
to consider whether the relationships found here hold. Fourth, we 
were unable to examine the effect-measure modification by gender 
due to limited sample size across some categories of our exposure 
variables. Some studies suggest that females are less likely to quit 
smoking successfully than males,53 so future studies are warranted 
on whether the impact of e-cigarette use on cigarette smoking dif-
fers by gender. Last, we cannot control for all possible confounding 
factors or interactions. For example, daily e-cigarette users may be 
more interested in quitting smoking or have other reasons for their 
stable use when compared with noncurrent or unstable e-cigarette 
users, but we were unable to examine such factors in this study in 
part due to the survey structure.

Conclusions

Results from this study indicate that consistent and frequent e-cigarette 
use and increasing use over time, as well as flavors and device type, are 
associated with smoking cessation among adult smokers. Replacement 
of cigarette smoking with e-cigarette use is projected to result in 1.6–
6.6 million fewer premature deaths by 2026,54 but future population-
based studies are needed on the long-term relationships between 
e-cigarettes and smoking cessation and the overall public health im-
pact of these less harmful ways to deliver nicotine in a sufficiently ap-
pealing way to completely displace deadly smoked tobacco products. 
Overall, our findings highlight the importance of carefully defining 
and characterizing independent variables such as e-cigarette exposure 
and patterns and duration of e-cigarette use, potential confounders, 
and whether e-cigarettes were specifically used to quit smoking, as 
well as variations in length of the smoking cessation.26
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