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Changes in E-cigarette Use and Subsequent Cigarette Smoking 
Cessation in the United States: Evidence from a Prospective 
PATH Study, 2013–2018

Yingning Wang, PhD.1, Hai-Yen Sung, PhD.1, Wendy Max, PhD.1

1Institute for Health & Aging, School of Nursing, University of California, San Francisco, CA

Abstract

Aims—To examine the relationship between changes in e-cigarette use and subsequent cigarette 

smoking cessation.

Methods—Using data from the Population Assessment of Tobacco and Health Study (Wave 

1Wave 4), we analyzed a study cohort of 3,014 current adult cigarette smokers at Wave 1 who 

tried to quit during the past 12 months. We categorized changes in e-cigarette use from Wave 1 

to Wave 2 as: daily initiation, nondaily initiation, increase to daily use, increase to nondaily use, 

stable daily use, stable nondaily use, decrease from daily use, quit nondaily use, and non-use. We 

estimated multivariable logistic regressions on short-term (≥1 month and <12 months) cigarette 

smoking cessation at Wave 3 and long-term (≥12 months) cigarette smoking cessation at Wave 4. 

We conducted sensitivity analyses using alternative study cohorts.

Results—Among the study cohort, 2.4% initiated daily, 7.5% initiated nondaily, 1.0% increased 

to daily, 1.4% increased to nondaily, 1.5% maintained daily, 3.0% maintained nondaily, 2.4% 

decreased from daily, and 3.8% quit nondaily e-cigarette use between Waves 1 and 2; 7.9% and 

6.9% reported short-term and long-term cigarette smoking cessation. 15.1% of short-term and 

16.3% of long-term cigarette quitters used e-cigarettes. Compared to non-users, smokers who 

initiated daily, increased to daily, or quit nondaily e-cigarette use between Waves 1 and 2 had 

higher odds of short-term cigarette smoking cessation at Wave 3. These results are robust to 

different study cohort specifications.

Conclusion—The findings suggest a complex relationship between changes in e-cigarette use 

and subsequent cigarette smoking cessation.

Corresponding author: Yingning Wang, Ph.D., Institute for Health & Aging, School of Nursing, University of California, San 
Francisco; UCSF Institute for Health & Aging, Box 0646 490 Illinois St., Floor 12, San Francisco, CA 94143, USA. Telephone: 
415-502-5200; Yingning.wang@ucsf.edu.
CONTRIBUTORSHIP STATEMENT
YW planned the study. YW, HYS, and WM designed the methodology. YW conducted the literature review and statistical analysis. 
YW wrote the original draft of the manuscript. YW, HYS, and WM reviewed, edited, and revised the manuscript.

ETHICS APPROVAL STATEMENT
This study uses publicly available data and does not quantify a human subject’s research.

Declaration of Interests: None declared.

HHS Public Access
Author manuscript
Tob Control. Author manuscript; available in PMC 2024 April 20.

Published in final edited form as:
Tob Control. ; 33(3): 365–372. doi:10.1136/tc-2021-057225.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



INTRODUCTION

Given the growing popularity of electronic cigarettes (e-cigarettes), it is essential to 

understand their public health impact, especially their effect on cigarette abstinence. Many 

studies—including randomized controlled trials (RTCs),1–5 cross-sectional studies,6–8 and 

longitudinal cohort studies9–22—have examined the role of e-cigarette use in cigarette 

smoking cessation.23–27 The results of these studies have been mixed. Some studies found a 

positive association between e-cigarette use and cigarette smoking cessation or reduction,1–

4,6,9–14,20 while others found either a non-significant or negative association.5,7,8,15–19,22,28 

The inconsistent results could be partially caused by different study designs.26,27,29,30 RCTs 

are usually the gold standard for assessing the effectiveness of an intervention. However, 

RCTs may be infeasible for ethical reasons, and their participant samples and lab settings 

may make it challenging to generalize study findings to the general population.24 Cross-

sectional studies cannot be used to ascertain causality. On the other hand, prospective 

observational (cohort) studies are the best option for deriving a realistic and potentially 

causal relationship between e-cigarette use and cigarette smoking cessation.24 However, if 

self-selection and confounding issues are not addressed correctly, prospective cohort studies 

may also suffer from estimation bias, yielding inconsistent results.

The 2018 report of the US National Academies of Sciences, Engineering, and Medicine 

(NASEM)24 recommended three criteria for an optimal prospective cohort study design to 

assess the efficacy of e-cigarettes for cigarette smoking cessation: 1) identify and follow 

a large cohort of smokers who want to quit or are making a quit attempt, 2) assess 

e-cigarette exposure in detail before the cigarette smoking cessation is assessed, and 3) 

adjust for multiple potential confounders associated with e-cigarette use and with cigarette 

smoking cessation. Many prospective cohort studies examining the role of e-cigarette use 

in cigarette smoking cessation do not meet these criteria.31,32 Some failed to restrict the 

study cohort to smokers trying to quit, hence overestimating the benefit of e-cigarette use on 

cigarette smoking cessation.9–20 some measured e-cigarette exposure and cigarette smoking 

cessation in the same period, thus introducing the possibility of reverse causality;14,19,20 and 

others failed to control for potential confounders.12,18 Two studies met the NASEM criteria. 

Using data from the PATH Study, Chen and colleagues identified a study cohort of current 

smokers at Wave 2 reporting a past-year quit attempt at Wave 3, and compared cigarette 

abstinence of ≥12 months at Wave 4 between those who used and did not use e-cigarettes 

to quit.21 After using propensity-score matching to adjust for non-comparability between 

users and non-users, they found that e-cigarette users did not have higher rates of long-term 

cigarette abstinence. Similarly, using the PATH study data, Pierce and colleagues identified 

a study cohort of daily smokers at Wave 1 reporting a past-year quit attempt at Wave 2 to 

compare cigarette abstinence at Wave 3 between e-cigarette users and non-users. After using 

propensity-score methods, the results showed that these two groups were not different in 

cigarette abstinence of either ≥12 months or ≥30 days at Wave 3.22

However, these two studies measured e-cigarette exposure based on e-cigarette use in 

the last quit attempt at a one-time point without considering changes in e-cigarette use 

over time. Villanti and colleagues proposed a hierarchy of methodological criteria when 

determining whether a study provides sufficient evidence to evaluate the role of e-cigarettes 

Wang et al. Page 2

Tob Control. Author manuscript; available in PMC 2024 April 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in cigarette abstinence.25 One of the criteria is to assess the duration, frequency, and dose 

of e-cigarette exposure for a sufficient time. E-cigarette use patterns can be measured at a 

one-time point as ever use, current use, daily or nondaily use,10–12,15–18 and two-time points 

as initiation,13,14,19 increased use, or persistent use.9,14,20 The literature has documented 

that individual users’ e-cigarette use patterns are highly variable over time. Less than 30% 

of e-cigarette users reported the same e-cigarette use frequency at follow-up.33 Therefore, 

assessing e-cigarette use at two-time points can capture more information and improve the 

accuracy of e-cigarette exposure measurement.

This study used a prospective cohort study design to examine the relationship between 

changes in e-cigarette use and subsequent cigarette smoking cessation. We followed the 

recommendation of NASEM by following a cohort of current smokers who tried to quit in 

the past 12 months at Wave 1, measuring the changes in e-cigarette use from Wave 1 to 

Wave 2, assessing cigarette smoking cessation at Waves 3 and 4, and adjusting for covariates 

identified by NASEM and the literature.

METHODS

Data

We analyzed data on adults from the PATH Study for Wave 1 (Sep 2013-Dec 2014), Wave 

2 (Oct 2014-Oct 2015), Wave 3 (Oct 2015-Oct 2016), and Wave 4 (Dec 2016-Jan 2018). 

The PATH Study is a nationally representative, longitudinal cohort study of US adults 

aged 18+ and youth aged 12–17 conducted by the National Institutes of Health (NIH) 

and the Food, and Drug Administration’s (FDA) Center for Tobacco Products (CTP). The 

weighted response rates for the Wave 1 adult cohort were 83.2% (Wave 2), 78.4% (Wave 

3), and 73.5% (Wave 4). The PATH Study collects information on tobacco use patterns 

and tobacco-related health outcomes. Further details regarding the PATH Study design and 

methods are published elsewhere.34

Study cohort

We identified a cohort of 3,553 current adult cigarette smokers at Wave 1 “who want to quit 

or are making a quit attempt” (the first criteria recommended by NASEM), participated in 

4 Waves of the survey, and answered “Yes, I have tried to quit completely” or “Yes, I have 

tried to quit by reducing or cutting back” to the question: “In the past 12 months, have you 

tried to quit using tobacco products (including cigarettes)?” Current smokers are those who 

have smoked 100 cigarettes and currently smoke every day or some days. After excluding 

539 respondents with missing values for the dependent and independent variables, the final 

study sample included 3,014 smokers (see Figure 1).

Measures

Figure 2 depicts the study design, including dependent variables assessed at Waves 3 and 

4, the key independent variable derived using Waves 1 and 2 data, and other independent 

variables assessed at Wave 1.
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Dependent variables

Short-term cigarette smoking cessation at Wave 3—Short-term cigarette smoking 

cessation at Wave 3 was “yes” if respondents quit cigarette smoking for ≥ 1 and < 12 months 

at Wave 3.

Long-term cigarette smoking cessation at Wave 4—Long-term cigarette smoking 

cessation at Wave 4 was “yes” if respondents quit smoking for at least 12 months or reported 

being former smokers at Wave 3 and Wave 4. Former cigarette smokers are those who have 

smoked 100 cigarettes in their lifetime and currently do not smoke at all.

Key independent variable

Changs in e-cigarette use from Wave 1 to Wave 2—Changs in e-cigarette use from 

Wave 1 to Wave 2 is the key independent variable and was categorized as: 1) initiation to 

daily use (never users at Wave 1 who became daily users at Wave 2); 2) initiation to nondaily 

use (never users at Wave 1 who became nondaily users at Wave 2); 3) increase to daily 

use (former or nondaily users at Wave 1 who became daily users at Wave 2; 4) increase 

to nondaily use (former users at Wave 1 who became nondaily users at Wave 2); 5) stable 

daily use (daily users at both Waves); 6) stable nondaily use (nondaily users at both Waves); 

7) decrease from daily use (daily users at Wave 1 who became nondaily or former users at 

Wave 2); 8) quit from nondaily use (nondaily users at Wave 1 who became former users 

at Wave 2; and 9) non-use (never or former users at Wave 1 and Wave 2; the reference 

group). Those who answered “No” to the question: “Have you ever used e-cigarettes fairly 

regularly?” are never e-cigarette users; those who answered “Yes” and now use them every 

day (daily users) or some days (nondaily users) are current e-cigarette users; and those who 

answered “Yes” but now do not use them at all are former e-cigarette users.

Other independent variables

Other independent variables were measured at Wave 1 and selected based on the criteria 

recommended by NASEM24 and previous literature,20,22,28 including socio-demographic 

characteristics, perceived harm of cigarettes, perceived relative harm of e-cigarettes, 

externalizing and internalizing mental health problems, other tobacco use, alcohol use, 

marijuana use, and nicotine dependence.

Socio-demographic characteristics—Socio-demographic characteristics included sex 

(male and female), age (18–34, 35–64, and 65+), education (< high school, high school 

graduates or GED, some college, and college degree or above), income (<100% of Federal 

Poverty Level (FPL), 100–199% FPL, ≥200% FPL, and unknown), race/ethnicity (Non-

Hispanic White, Hispanic, Non-Hispanic Black, and Non-Hispanic Other), and region 

(Northeast, Midwest, South, and West). Income was assessed by calculating the ratio of 

annual family income to the federal poverty threshold,35,36 with family size taken into 

account. We included missing family income as a separate “unknown” category in the 

analyses because income might not be missing at random.

Perceived harm of cigarettes—Perceived harm of cigarettes was a dichotomous 

variable categorized as “low harm perception” if the answer to the survey question: “How 

Wang et al. Page 4

Tob Control. Author manuscript; available in PMC 2024 April 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



harmful do you think cigarettes are to health?” was “not at all”, “slightly” or “somewhat” 

harmful, and as “high harm perception” if the answer was “very” or “extremely” harmful.

Relative perceived harm of e-cigarettes—Relative perceived harm of e-cigarettes was 

defined based on the response to the question: “Is using e-cigarettes less harmful, about the 

same, or more harmful than smoking cigarettes?” It was constructed as a 5-point categorical 

variable as “less harmful”, “about the same”, “more harmful”, “never heard of or seen 

e-cigarettes”, and “don’t know”.

Externalizing mental health problems—Externalizing mental health problems were 

assessed by respondents’ responses (yes/no) to seven questions about whether they 

experienced externalizing symptoms in the past 12 months. The number of affirmative 

answers to these questions was summed and coded as a 3-level severity indicator: low level 

(0–1 affirmative answers), moderate level (2–3 affirmative answers), and high level (≥4 

affirmative answers).

Internalizing mental health problems—Internalizing mental health problems were 

assessed by respondents’ responses (yes/no) to four questions about whether they 

experienced internalizing symptoms in the past 12 months. The number of affirmative 

answers to these questions was summed and coded as a 3-level severity indicator: low 

level (0–1 affirmative answers), moderate level (2–3 affirmative answers), and high level (4 

affirmative answers).

Other tobacco use—Other tobacco use was “yes” if respondents were current users of 

any of the following products: traditional cigars, cigarillos, filtered cigars, pipes, hookah, 

snus, smokeless tobacco, and dissolvable tobacco; and “no” otherwise. Current users of a 

product are those who have ever used the product fairly regularly and currently use it some 

days or every day.

Past 30-day alcohol use—Past 30-day alcohol use was “yes” if respondents used alcohol 

in the past 30 days; and “no” otherwise.

Past 30-day marijuana use—Past 30-day marijuana use was “yes” if respondents used 

marijuana, hash, THC, or grass in the past 30 days; and “no” otherwise.

Nicotine dependence—Nicotine dependence was determined by the responses to 15 

questions related to emotional and physical reactions to nicotine products ranging from 1= 

“Not true of me at all” to 5= “Extremely true of me”. Following the approach by Chen 

and colleagues,21 we first rescaled the original response 1 as 0, responses 2 or 3 as 50, and 

responses 4 or 5 as 100. Then, we summed rescaled values and divided the total by the 

number of statements with non-missing values to derive the average nicotine dependence 

score ranging from 0 to 100.

Statistical analysis

We generated descriptive statistics of the sample distribution and estimated cigarette 

smoking cessation rates by all independent variables. We also examined current e-cigarette 

Wang et al. Page 5

Tob Control. Author manuscript; available in PMC 2024 April 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



use at Wave 3 among short-term cigarette quitters at Wave 3 and current e-cigarette use 

at Wave 4 among long-term cigarette quitters at Wave 4 (Appendix Table A1). We used 

multivariable logistic regression to model each dependent variable as a function of changes 

in e-cigarette use from Wave 1 to Wave 2 and other independent variables at Wave 1.

We also conducted two sensitivity analyses using different measures to select the cohort of 

smokers “who want to quit or are making a quit attempt”. In the first sensitivity analysis, the 

study cohort (n=3,944) comprised current smokers at Wave 1 who answered “2” or more to 

the question, “Overall, on a scale of 1 to 10 where 1 is not at all interested, how interested 

are you in quitting tobacco products]?” In the second sensitivity analysis, the study cohort 

(n=2,117) comprised current smokers at Wave 1 who answered “Yes” to the question: “In 

the past 12 months, have you stopped using tobacco products (including cigarettes) for one 

day or longer because you were trying to quit?”

We conducted all analyses in SAS version 9.4 using the Wave 4 all-Waves longitudinal 

sampling weights and replicate weights. The balanced repeated replication approach with 

Fay’s adjustment (0.3) was used to calculate 95% confidence intervals (CIs) and P values. 

We considered a 2-tailed P <.05 to be statistically significant.

RESULTS

Table 1 shows that between Waves 1 and 2, among 3,014 current smokers, 2.4% initiated 

daily, 7.5% initiated nondaily, 1.0% increased to daily, 1.4% increased to nondaily, 1.5% 

maintained daily, 3.0% maintained nondaily, 2.4% decreased from daily, and 3.8% quit 

nondaily e-cigarette use between Wave 1 and Wave2. Moreover, 7.9% and 6.9% of the study 

cohort reported short-term cigarette smoking cessation at Wave 3 and long-term cigarette 

smoking cessation at Wave 4. The short-term cigarette smoking cessation was lowest among 

those who increased to nondaily e-cigarette use (2.9%) and highest among stable daily 

e-cigarette users (23.0%). In contrast, the long-term cigarette smoking cessation was lowest 

among those who decreased from daily e-cigarette use (3.2%) and highest among those who 

initiated daily e-cigarette use (12.0%).

At Wave 3, 15.1% of short-term cigarette quitters were current e-cigarette users. Current 

e-cigarette use was highest among stable nondaily e-cigarette users (100%) and lowest 

among those who increased to nondaily e-cigarette use (0%) and those who quit from 

nondaily e-cigarette use (0%) between Waves 1 and 2. At Wave 4, 16.3% of long-term 

cigarette quitters were current e-cigarette users. Current e-cigarette use was highest among 

those who increased to daily e-cigarette use (100%) and lowest among those who decreased 

from daily e-cigarette use (0%) and those who quit from nondaily e-cigarette use (0%) 

between Waves 1 and 2 (Appendix Table A1).

Multivariable logistic regression results show that, compared to e-cigarette non-users, 

smokers who initiated daily, increased to daily, maintained daily, or quit nondaily e-cigarette 

use between Waves 1 and 2 had higher odds of short-term cigarette smoking cessation at 

Wave 3, while none of the e-cigarette use subgroups had significantly different odds of 
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long-term cigarette smoking cessation at Wave 4 (Table 2). The completed results are in 

Appendix Table A2.

The first (Appendix Tables A3–A4) and second (Appendix Tables A5–A6) sensitivity 

analyses found higher odds of short-term cigarette smoking cessation for smokers who 

initiated daily, increased to daily, or quit nondaily e-cigarette use. Moreover, the first 

sensitivity analysis found positive associations between stable daily e-cigarette use and 

short-term cigarette smoking cessation and between daily e-cigarette initiation and long-

term cigarette smoking cessation. In contrast, the second sensitivity analysis found a 

positive association between nondaily e-cigarette initiation and long-term cigarette smoking 

cessation.

DISCUSSION

This study examined the relationship between changes in e-cigarette use and subsequent 

cigarette smoking cessation among a cohort of cigarette smokers who had tried to quit at 

baseline. We found a positive association with short-term cigarette smoking cessation for 

smokers who initiated daily e-cigarette use, increased to daily e-cigarette use, had stable 

daily e-cigarette use, and quit nondaily e-cigarette use. However, the positive association 

between stable daily e-cigarette use and short-term cigarette smoking cessation was not 

significant in the second sensitivity analysis, probably due to the smaller sample size. In 

addition, 15.1% of short-term cigarette quitters used e-cigarettes at Wave 3, and 16.3% of 

long-term cigarette quitters used e-cigarettes at Wave 4.

Earlier prospective cohort studies that found positive associations between e-cigarette 

initiation13 or daily e-cigarette initiation19 and cigarette smoking cessation either did not 

restrict the study cohort to smokers trying to quit13,19 or measured e-cigarette initiation and 

cigarette smoking cessation within the same period.19 After improving the study design, 

our results also indicate that daily e-cigarette initiation was positively associated with 

subsequent short-term cigarette smoking cessation among current smokers who have tried to 

quit.

Our results indicate that increased daily e-cigarette use was positively associated with 

short-term but not long-term cigarette smoking cessation. Glasser and colleagues found that 

increased/stable daily e-cigarette use had higher odds of short-term and long-term cigarette 

smoking cessation.14 This discrepancy is likely caused by different study designs: they 

measured e-cigarette use and cigarette smoking cessation within the same period, did not 

restrict their study cohort to smokers who tried to quit, and did not separate stable daily 

e-cigarette use from increased daily use.

A growing body of evidence from observational studies9–14,19,26,37 has shown that more 

frequent e-cigarette use may help smokers quit cigarette smoking, but intermittent or 

infrequent e-cigarette use may not. Our results are consistent with these research; we 

found positive and significant associations with short-term cigarette smoking cessation for 

“ initiation to daily e-cigarette “ and “increase to daily e-cigarette use”, but not for “stable 

nondaily e-cigarette use” and “increase to nondaily e-cigarette use”. However, we also 
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found significantly higher odds of short-term cigarette smoking cessation for smokers who 

quit nondaily e-cigarette use. These results imply that nondaily e-cigarette use may not 

facilitate cigarette smoking cessation and quitting nondaily e-cigarette use could be helpful 

for subsequent quitting smoking. Future studies are needed to examine the mechanisms by 

which changes in e-cigarette use facilitate or impede cigarette abstinence.

A study found that compared to daily smokers who use e-cigarettes nondaily, nondaily 

smokers who use e-cigarettes daily had higher odds of cigarette abstinence at the 2-year 

follow-up.37 Their results suggest that the association of e-cigarette use with cigarette 

abstinence might also depend on smoking frequency. The sample size did not allow us to 

further disaggregate e-cigarette use by smoking frequency. However, we found that most 

stable nondaily e-cigarette users smoked cigarettes daily (daily smoking rates ranged from 

82.5% at Wave 1 to 74.4% at Wave 4). In contrast, across all Waves, stable daily e-cigarette 

users had the lowest daily smoking rates (34.8% at Wave 1 to 41.0% at Wave 4 (Appendix 

Table A7)). Future research needs to examine the moderating role of smoking frequency in 

the association between e-cigarette use and cigarette smoking cessation.

Although we found that smokers who initiated daily or increased to daily e-cigarette use 

between Waves 1 and 2 had higher odds of short-term cigarette smoking cessation than 

e-cigarette non-users, many continued e-cigarette use after quitting smoking. The net health 

impact for those who stop smoking but become regular e-cigarette users is unknown. Chen 

and colleagues also found that those who quit cigarette smoking by using e-cigarettes 

were more likely to use other tobacco products and continue using e-cigarettes after 

quitting smoking, compared with those who quit smoking with pharmaceutical aids.28 An 

increasing number of studies have found that e-cigarette use is associated with adverse 

health effects.38–41 Recent evidence suggests that e-cigarette use may pose unique health 

harms, including harms to the respiratory and cardiovascular systems.42 Therefore, when 

measuring the health impact of using e-cigarettes to aid in cigarette smoking cessation, one 

also needs to consider the potential harm of continued e-cigarette use.22,28 Future research 

that examines e-cigarette use patterns among former cigarette smokers and evaluates the net 

impact of using e-cigarettes to quit cigarette smoking is warranted.

We acknowledge several limitations. First, our analysis was based on self-reported data and 

did not confirm cigarette smoking cessation using biomarker measures. Second, e-cigarette 

use changes were measured at two points a year apart. We may not capture rapid changes 

in e-cigarette use that happened within a year. Third, the sample sizes of some e-cigarette 

use subgroups were small, which might limit the statistical power to detect significant 

associations between these subgroups and cigarette smoking cessation. Fourth, for some 

smokers who also use other tobacco products at Wave 1, we did not know which product 

they tried to quit because of the wording of the survey questions. Last, we did not have 

data on newer e-cigarette products (e.g., JUUL) that may affect cigarette smoking cessation 

differently.

In conclusion, our results indicate a complex relationship between changes in e-cigarette 

use and subsequent cigarette smoking cessation. Future research is needed to examine the 

mechanisms by which changes in e-cigarette use facilitate or impede cigarette smoking 
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cessation and to understand the moderating role of the use frequency of both products in the 

association.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What this paper adds

What is already known on this topic

• Mixed results have been reported on the role of e-cigarette use in cigarette 

smoking cessation.

What this study adds

• Following the criteria for an optimal prospective observational cohort 

study design that were recommended in a 2018 report of the National 

Academies of Sciences, Engineering, and Medicine, this study assessed the 

relationship between changes in e-cigarette use and subsequent cigarette 

smoking cessation among current cigarette smokers who tried to quit smoking 

cigarettes in the past 12 months.

• Cigarette smokers who initiated daily e-cigarette use, increased to daily e-

cigarette use, or quit nondaily e-cigarette use had higher odds of reporting 

subsequent short-term cigarette smoking cessation. These results were robust 

to alternative specifications of the study cohort.

• Cigarette smokers with stable daily e-cigarette use had higher odds of 

reporting subsequent short-term cigarette smoking cessation. However, the 

result was not robust to different specifications of the study cohort.

• Cigarette smokers who increased e-cigarette use from former to nondaily 

use or who maintained nondaily e-cigarette use were not different from 

smokers who did not use e-cigarettes at both Wave 1 and Wave 2 in terms of 

subsequent short-term or long-term cigarette smoking cessation. These results 

were robust to alternative specifications of the study cohort.

How this study might affect research, practice or policy

• Our findings suggest a complex relationship between changes in e-cigarette 

use and subsequent cigarette smoking cessation. Future research is needed to 

examine the mechanisms by which changes in e-cigarette use affect cigarette 

smoking cessation.
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Figure 1: 
Selection of the final study sample
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Figure 2: 
Diagram of the study design
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Table 1.

Sample distribution and the rates of short-term and long-term cigarette smoking cessation by the changes in e-

cigarette use from Wave 1 to Wave 2 and other independent variables at Wave 1, PATH Study Waves 1–4 

(n=3,014 current smokers at Wave 1 who reported having tried to quit using tobacco products in the past 12 

months)

Independent variables Sample distribution Short-term cigarette 
smoking cessation rate

Long-term cigarette 
smoking cessation rate

n col w% n row w% n row w%

All 3,014 100 224 7.9 202 6.9

Changes in e-cigarette use from 
Wave 1 to Wave 2

Initiation to daily e-
cigarette use

69 2.4 13 19.1 10 12.0

Initiation to nondaily 
e-cigarette use

233 7.5 24 10.5 20 11.0

Increase to daily e-
cigarette use

32 1.0 6 20.3 2 4.0

Increase to nondaily e-
cigarette use

44 1.4 1 2.9 3 7.3

Stable daily e-cigarette 
use

49 1.5 11 23.0 6 10.8

Stable nondaily e-
cigarette use

93 3.0 3 3.6 5 5.9

Decrease from daily e-
cigarette use

69 2.4 3 7.6 1 3.2

Quit from nondaily e-
cigarette use

114 3.8 15 13.2 6 4.2

E-cigarette non-use 2,311 77.0 148 6.8 149 6.6

Sex
Male 1,386 51.4 112 8.2 107 7.7

Female 1,628 48.6 112 7.5 95 6.1

Age

18–34 1,379 41.8 113 9 94 7.6

35–64 1,494 52.6 103 7.3 97 6.2

65+ 141 5.6 8 5.6 11 8.7

Education

<HS 482 14.8 27 6.4 32 6

HS or GED 1,036 36.2 56 5.7 55 5.7

Some college 1,424 46.9 132 9.7 107 7.8

College degree or 
above

72 2.1 9 16.3 8 16.1

Income

<100 FPL 1,191 35.5 71 6.4 68 5.4

100–199% FPL, 822 27.2 64 8.1 57 7.3

≥200% FPL 819 30.7 76 9.8 62 8.3

missing 182 6.6 13 6.7 15 7.4

Race/ethnicity

NH White ,1914 67.8 155 8.2 128 7.1

Hispanic 429 12.4 34 9.3 34 7.6

NH Black 451 13.5 18 3.7 25 4.6

NH Other 220 6.3 17 11.4 15 9
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Independent variables Sample distribution Short-term cigarette 
smoking cessation rate

Long-term cigarette 
smoking cessation rate

n col w% n row w% n row w%

Region

Northeast 441 17.3 39 9.6 35 9.3

Midwest 860 24.5 64 9 53 6.2

South 1,147 39.2 72 6 69 6.2

West 566 19.1 49 8.8 45 7.1

Perceived harm of cigarettes
Low harm perception 545 17.9 30 5 30 5.5

High harm perception 2,469 82.1 194 8.5 172 7.3

Perceived relative harm of e-
cigarettes

Less harmful 1,552 51.5 129 8.8 96 6.4

About the same 1,130 36.8 75 6.7 87 8.1

More harmful 160 5.1 4 4.3 10 5.7

Never heard of or seen 
e-cigarettes

102 3.6 7 7.5 3 2.2

Don’t know 70 3 9 13.5 6 9.5

Externalizing mental health 
problems

Low 1,593 54.7 111 7.2 108 6.8

Moderate 801 25.7 80 10.5 61 8.3

High 620 19.6 33 6.5 33 5.6

Internalizing mental health 
problems

Low 1,346 46.7 111 8.5 105 7.9

Moderate 818 26.5 60 8.2 50 6.4

High 850 26.8 53 6.6 47 5.8

Other tobacco use
Yes 517 16.2 39 8.9 39 8.6

No 2,497 83.8 185 7.7 163 6.6

Past 30-day alcohol use
Yes 1,797 60 143 8.4 125 7.1

No 1,217 40 81 7.1 77 6.7

Past 30-day marijuana use
Yes 672 20.7 36 5.4 35 5.1

No 2,342 79.3 188 8.6 167 7.4

Nicotine dependence (continuous) 57.9 (3.7)* 48.6 (13.4)* 50.2 (13.5)*

Note: PATH = Population Assessment of Tobacco and Health; w% = weighted percentage; HS = high school; GED = general education degree; 
FPL = federal poverty level; NH = non-Hispanic;

*
mean (standard error). All the independent variables other than changes in e-cigarette use were measured at Wave 1
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Table 2.

Estimated associations of the changes in e-cigarette use from Wave 1 to Wave 2 with subsequent short-term 

and long-term cigarette smoking cessation from the multivariate logistic regression models, PATH Study 

Waves 1–4 (n=3,014 current smokers at Wave 1 who reported having tried to quit using tobacco products in 

the past 12 months)

Independent variables

Model on short-term cigarette smoking 
cessation at Wave 3

Model on long-term cigarette smoking 
cessation at Wave 4

AOR 95% CI P AOR 95% CI P

Changes in e-cigarette 
use from Wave 1 to 
Wave 2

Initiation to daily 
e-cigarette use 3.52 1.61 7.69 0.002 1.84 0.69 4.91 0.223

Initiation to 
nondaily e-
cigarette use 1.71 0.90 3.25 0.100 1.75 0.92 3.32 0.087

Increase to daily 
e-cigarette use 5.61 1.61 19.49 0.007 0.83 0.12 5.88 0.848

Increase to 
nondaily e-
cigarette use 0.40 0.03 4.73 0.462 1.13 0.24 5.30 0.872

Stable daily e-
cigarette use 3.61 1.49 8.79 0.005 1.61 0.63 4.11 0.318

Stable nondaily 
e-cigarette use 0.56 0.12 2.55 0.447 1.03 0.33 3.21 0.959

Decrease from 
daily e-cigarette 
use 1.33 0.27 6.55 0.723 0.55 0.04 7.54 0.653

Quit from 
nondaily e-
cigarette use 2.42 1.01 5.78 0.047 0.70 0.23 2.09 0.519

E-cigarette non-
use Reference Reference

Note: AOR = adjusted odds ratio; P=P values; PATH = Population Assessment of Tobacco and Health. The model also controlled for all other 
independent variables at Wave 1: sex, age, education, income, race/ethnicity, region, perceived harm of cigarettes, perceived relative harm of 
e-cigarettes, externalizing and internalizing mental health problems, other tobacco use, past 30-day alcohol use, past 30-day marijuana use, and 
nicotine dependence. The completed estimated results from the models are contained in Appendix Table A2.
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