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Abstract

Background: Evidence for use of electronic cigarettes (e-cigs) as a potential aid in quitting 

or reducing combustible cigarette (c-cig) use is mixed. This study examined the extent to 

which e-cig initiation among smokers in their 30s predicted quitting or reducing smoking or 

nicotine dependence symptoms by age 39, and whether the role of e-cigs in quitting differed by 

prospectively assessed moderators.

Methods: Data were from the Seattle Social Development Project (SSDP), a panel study of 808 

diverse participants with high retention. A subsample of 221 smokers at age 33 was selected for 

analysis. Self-reports of c-cig use and dependence were assessed longitudinally at ages 33 and 39. 

Sixteen potential moderators were examined, including social demographics, smoking attitudes 

and desire to quit, other health behaviors and status, and adolescent and early adult assessments of 

smoking history.

Results: The use of e-cigs was consistently associated with a lower likelihood of quitting c-cigs 

by age 39, after accounting for frequency of prior c-cig use at age 33. This negative association 

persisted across all moderators examined, although it was nonsignificant among those with a 

definite desire to cut down. Among those who did not quit smoking, e-cig use had no association 

with decreases in either quantity of c-cigs used or dependence symptoms.

*Corresponding author: Social Development Research Group, School of Social Work, University of Washington, 9725 Third Ave NE, 
Suite 401, Seattle, WA 98115, USA. rickk@uw.edu.
Contributors
All authors contributed to study conceptualization; writing, reviewing and editing the manuscript; and approved the final article. RK, 
ME, and JAB contributed to data analysis and methods. RK, ME, and JDH contributed to data curation and funding acquisition. RK, 
ME, and MF contributed to project administration. RK drafted the original manuscript.

Conflict of Interest
No conflict declared.

Declaration of interest: none.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review 
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Drug Alcohol Depend. Author manuscript; available in PMC 2022 October 01.

Published in final edited form as:
Drug Alcohol Depend. 2021 October 01; 227: 108940. doi:10.1016/j.drugalcdep.2021.108940.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions: Results indicate that e-cigarette use was not helpful for quitting or reducing 

combustible cigarette use in the 30s. Rather, across extensive tests of moderation, e-cig initiation 

consistently predicted less quitting during this important age period for successful cessation.
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1. Introduction

Electronic cigarettes (e-cigs) entered the market in the United States in 2007 and their 

sales and use increased dramatically over the next several years (Marynak et al., 2017; 

McMillen et al., 2015). Although the prevalence of adult use has varied somewhat in recent 

years, e-cig use reached 3.2% of the adult U.S. population in 2018 and was 10% among 

current smokers (i.e., dual users) (Bao et al., 2020; Dai and Leventhal, 2019b). E-cigarettes 

are typically battery-powered devices that heat a nicotine-containing liquid producing an 

aerosol that is inhaled by the user (Orellana-Barrios et al., 2015). Despite a number of 

unsafe constituents, e-cigs expose the user to significantly fewer toxic substances than 

use of combustible cigarettes (c-cigs) and are likely to be less harmful overall (National 

Academies of Sciences, Engineering, and Medicine, 2018). Many adult smokers have turned 

to e-cigarettes in efforts to quit smoking c-cigs, preferring them over some other cessation 

approaches such as nicotine patch, gum, or inhalers (Hajek et al., 2019; Steinberg et al., 

2014). Nearly 6% of former smokers in 2018 reported using e-cigarettes, suggesting that 

e-cigs may have replaced their prior combustible cigarette use (Bao et al., 2020).

Understanding the potential for use of e-cigarettes as an aid in quitting or reducing 

combustible cigarette use is important for determining their overall public health impact. 

The research literature, however, is mixed (National Academies of Sciences, Engineering, 

and Medicine, 2018). In a meta-analysis of 38 real-world and clinical studies, Kalkhoran 

and Glantz (2016) found that e-cig use was associated with significantly less quitting among 

smokers. Other observational studies buttress this conclusion (Kulik et al., 2018; Rigotti 

et al., 2018 ). But using data from the large US Current Population Study-Tobacco Use 

Supplement, Zhu et al. (2017) concluded that e-cig use was associated with significantly 

more quitting and likely contributed to an increase in smoking cessation at the population 

level. Some randomized trials also indicated positive effects of prescribing e-cig use for 

cessation under certain conditions (Hajek et al., 2019; Halpern et al., 2018), and Jorenby 

et al. (2017) reported that e-cig use helped to maintain reductions in c-cig use among dual 

users. Studies by Berry et al. (2019) and Kalkhoran et al. (2019) found that daily e-cig 

users were more likely to report prolonged smoking abstinence than smokers who did not 

use e-cigs, but there was no significant association with quitting for those who used e-cigs 

less than daily. In their review, Bhatnagar et al. (2019) summarized current findings on 

the association between e-cig use and smoking cessation as mostly negative in real-world 

scenarios, but possibly helpful in a small percentage of individuals motivated to quit.

Some limitations of existing studies are important to address. Many relied on retrospective 

reports of prior smoking behavior, which could be influenced by current behaviors or 
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other factors affecting recall and accurate reporting (National Academies of Sciences, 

Engineering, and Medicine, 2018). Most studies that did include prospective reports 

examined a relatively brief history of prior smoking behavior and a short timeframe for 

e-cig use to have occurred (El Dib et al., 2017; Kalkhoran and Glantz, 2016). There is also 

limited understanding of potential moderators. Because of varying rates of e-cig use across 

groups and observed relationships with social and behavioral factors (Kalkhoran et al., 

2020), it is plausible that the role of e-cigs differs by gender, socioeconomic status, smoking 

environment or norms, desire and attempts to quit smoking, or other health behaviors 

or status. Interactions with one’s prior smoking and dependence history are particularly 

important to investigate. Lack of key measures of user characteristics—and examination of 

these characteristics as moderators of e-cig use as a smoking cessation aid—has been noted 

as a major limitation in the research base (National Academies of Sciences, Engineering, 

and Medicine, 2018).

The developmental period during which e-cigarettes became available is also important to 

consider. Smokers in their 30s may be an important but underexamined cohort to investigate 

because adults who quit successfully often do so in their 30s (Babb et al., 2017; Gilman et 

al., 2002; Kalkhoran et al., 2020; Schauer et al., 2015). Typical life transitions during the 30s 

(e.g., growing recognition of health risks, career development, parenting) may help reinforce 

efforts to change health habits (Ostbye et al., 2011; Settersten, 2003; Settersten and Ray, 

2010). To the extent e-cigarettes are effective quit aids, those who were in their 30s when 

e-cigs became commercially available and rapidly grew in popularity may have been the 

most likely candidates to successfully utilize this new technology for smoking cessation.

To address these research gaps, the current study used prospective, longitudinal data to 

examine four key questions. First, did e-cig use predict smoking cessation? We examined 

whether e-cig initiation among those who were smokers at age 33 was associated with 

quitting c-cigs by age 39. Second, among smokers who did not quit, did e-cig use predict 

reduced smoking or dependence? We examined whether e-cig initiation was associated 

with longitudinal changes in the quantity of c-cigs used or number of nicotine dependence 

symptoms by age 39. Third, were the effects of e-cig use moderated by current social 

or behavioral factors? We investigated individuals’ social settings, attitudes, and health 

behaviors as potential moderators of the role of e-cigs for quitting c-cigs by age 39. 

Finally, were the effects of e-cig use moderated by prior smoking history? We examined 

prospectively assessed smoking history to understand the role of smoking and dependence 

onset and intensity over time for the relationship between e-cig and c-cig use in the 30s.

2. Materials and methods

2.1 Sample

Data were from the Seattle Social Development Project, a longitudinal panel study 

established in 1985 from a population of all students (N = 1053) entering Grade 5 in 

18 public schools serving higher crime neighborhoods in Seattle, Washington. Of these 

students, 808 (77%) youth and their parents consented to participate in the longitudinal 

study. Main analyses reported here were based on surveys conducted at ages 33 and 39 (M = 

39.51, SD = .55) in 2008 and 2014, respectively. Other prospective survey waves beginning 
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at age 13 were used to assess smoking history, and an abbreviated survey (excluding most 

moderator variables) at age 35 was used for sensitivity analyses. Retention of still-living 

participants from the original panel averaged 92% across waves, and was 92% and 88% at 

ages 33 and 39, respectively (37 participants were deceased by age 39). Over the course of 

the study, retention was not consistently related to gender, ethnicity, childhood poverty, or 

adolescent substance use. The analysis sample was limited to those who reported smoking 

any amount at age 33 (N = 221). This sample was similar to the original full sample and 

was 56% male (compared with 51% in the full sample); 47% were European American, 29% 

African American, 15% Asian American, and 9% Native American—across race, 5% were 

Hispanic ethnicity (47%, 26%, 22%, 5%, and 5%, respectively, in the full sample); 54% had 

participated in the National School Lunch/Breakfast Program between the ages of 10 and 

12, an indicator of childhood poverty (52% in the full sample). The study was approved by 

the Human Subjects Review Committee at the University of Washington and participants 

provided informed consent.

2.2 Measures

2.2.1 Combustible cigarette use—Use of combustible cigarettes at ages 33 and 39 

was assessed with the item, “In the last 12 months, how many cigarettes did you usually 

smoke in a day?” (coded to a maximum of 20 to limit the effect of outliers—98% reported 

20 or fewer; “less than one” was coded to .5). A dichotomous measure of quitting c-cig use 
by age 39 was computed for those who smoked any amount at age 33 but reported no c-cig 

use at age 39 (coded 1, or coded 0 if c-cig use continued).

2.2.2 Electronic cigarette use—Use of electronic cigarettes was assessed at age 

39 with the item, “Have you ever used smokeless or electronic cigarettes (‘e-cigarettes,’ 

‘vaping,’ or ‘ENDS’)?” Note that e-cigs were not available on the U.S. market until 2007 

and still rare for 3 or 4 years thereafter, so it is unlikely that e-cig initiation occurred prior to 

the age 33 (2008) survey (Khan et al., 2014; Marynak et al., 2017; McMillen et al., 2015). 

Some sensitivity analyses used the measure, “How many times in the past month have you 

used smokeless or electronic cigarettes?” asked at age 39 (coded to a maximum of 30 to 

limit outliers).

2.2.3 Nicotine dependence—Nicotine dependence corresponding to the Diagnostic 
and Statistical Manual of Mental Disorders (DSM-IV) was assessed using the Diagnostic 

Interview Schedule (DIS) (American Psychiatric Association, 1994; Robins et al., 1999). 

Past-year symptom counts ranged from 0 to 7. Dichotomous measures of dependence 

were computed for those with three or more symptoms (coded 1, or 0 if less than three 

symptoms).

2.2.4 Moderators—Dichotomous moderators were based on self-reports of the past year 

at age 33 unless noted otherwise. Moderators examined included the following: gender (all 

identified as female or male); race/ethnicity (European American and African American; 

other groups included too few smokers for moderation analyses); 2-year college degree (or 

beyond); partner who smokes (if a cohabitating partner or spouse); friends approve of one’s 

own smoking (at least a “pretty good chance” friends would approve); participant approves 
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of adult smoking (agreed that it is “okay for adults to smoke”); definitely wishes to cut down 

(answered "yes" to “wished you cut down, or had more control over when and how much 

you smoked”; responses of “no” and “maybe/sometimes” coded as “does not definitely 

wish to cut down”); tried to quit or cut down (attempted in past year); alcohol, marijuana, 

depressive, and anxiety disorder (for each, met DSM-IV diagnostic criteria assessed with 

the DIS); onset of one or more cigarettes per day by age 21 (assessed prospectively at ages 

13 through 16 annually, and at ages 18 and 21); onset of nicotine dependence by age 30 

(assessed at ages 24, 27 and 30); average use of a half-pack of cigarettes or more per day 

from ages 21 to 33 (assessed at ages 21, 24, 27, 30, and 33); average of 3 or more nicotine 

dependence symptoms from ages 24 to 33 (assessed at ages 24, 27, 30, and 33).

2.3 Analyses

Tests of moderation used multiple-group analysis procedures in Mplus 8.4, calculating the 

χ2 difference between unconstrained models and those with pathways constrained to be 

equal between groups. Full-information maximum likelihood missing data estimation was 

used (Muthén and Muthén, 1998-2017). Part of the sample was assigned to a preventive 

intervention in the elementary grades, consisting of teacher workshops, parenting classes, 

and social competence instruction for children (Hawkins et al., 2005). It is possible 

that the intervention led to differences in the covariances among the c-cig use, nicotine 

dependence, and e-cig use variables examined in the study. To investigate this, we conducted 

multiple-group model tests (corresponding to the results reported) where covariances were 

constrained to be equal versus freely estimated across the control and full intervention 

groups (the “full” group received all intervention components, where intervention effects 

have been found to be strongest in prior reports). These tests showed no significant reduction 

in the overall fit of the constrained models (Δχ2(3) = .84 to 4.77, p-values .84 to .19), 

suggesting no substantial group differences and supporting full-sample analyses.

3. Results

3.1 E-cig use and quitting smoking

Of 671 participants providing data at ages 33 and 39, 221 (33%) reported smoking in the 

past year at age 33. Among smokers, Figure 1 shows that 62% reported no e-cigarette use 

and 38% reported having used e-cigs by age 39. Figure 1 also indicates the portion of those 

who quit smoking by age 39 within each group. Among smokers who had not tried e-cigs, 

44% quit smoking c-cigs within the next 6 years, whereas only 8% of those who had tried 

e-cigs went on to quit (χ2[1] = 31.88, p < .001).

3.2 E-cig use and changes in c-cig use and nicotine dependence symptoms

Next, we examined the role of e-cig use in changes, from age 33 to age 39, in the number 

of c-cigs usually used per day and the number of nicotine dependence symptoms reported, 

among those who did not quit smoking (n = 154). The upper plot in Figure 2 indicates that 

those who initiated e-cig use were significantly heavier smokers at age 33 (11.17 c-cigs per 

day, SD = 6.24) compared with those who never used e-cigs (9.13 c-cigs per day, SD = 5.98; 

F = 4.32, p = .04). By age 39, however, the difference in smoking quantity between e-cig 

users and nonusers was no longer significant (10.51 [SD = 5.94] vs. 9.05 [SD = 5.52] c-cigs 
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per day, respectively; F = 2.52, p = .11). Overall, after accounting for different levels of use 

at age 33, the association of e-cig use with quantity of c-cigs used at age 39 did not approach 

significance (β = .05, p = .54).

Nicotine dependence symptoms at age 33 were also significantly different for those who 

did and did not use e-cigs (given relatively small standard deviations for these measures: 

3.11 [SD = .90] vs. 2.73 [SD = 1.11] symptoms, respectively, F = 5.17, p = .02) (lower 

plot of Figure 2). Symptoms declined for both groups by age 39, but there was somewhat 

less decline for e-cig users (2.55 [SD = 1.61] symptoms, vs. 1.96 [SD = 1.46] symptoms 

for nonusers, F = 5.55, p = .02). The association of e-cig use with number of nicotine 

dependence symptoms at age 39, however, only approached significance after accounting for 

symptoms at age 33 (β = .17, p = .10).

3.3 Potential moderation of the role of e-cig use for quitting smoking

As shown in Table 1, we investigated possible moderation of the role of e-cigarette use 

for quitting c-cigs by age 39 among those who smoked at age 33. These analyses sought 

to identify if there were any groups or types of individuals for whom e-cig use played a 

positive role in quitting smoking, even though it was negatively associated with quitting at 

the aggregate level (Figure 1). We examined a series of multiple-group mediated models that 

included paths from quantity of c-cig use at age 33 to e-cig initiation, and from both of these 

to quitting c-cig use by age 39. In this way, these models estimated the relationship between 

e-cig use and quitting smoking, accounting for the effect of prior smoking at age 33 on each. 

Standardized coefficients for each pathway are reported in columns (a), (b), and (c) in Table 

1, showing group pairs tested in each model. The final column reports the χ2 difference 

test comparing models where the e-cig → quitting path was constrained to be equal across 

groups to an unconstrained model.

We first examined demographics and moderators assessed concurrently with c-cig use at 

age 33, relatively proximal to but also prior to common e-cig availability. Columns (a) and 

(b) indicate that more smoking at age 33 was associated with significantly less quitting by 

age 39 and more e-cig initiation across nearly all groups, and nonsignificant associations 

showed the same direction of effects (with the exception of one small −.06 coefficient 

in column (b)). Column (c) indicates that e-cig initiation was negatively associated with 

quitting smoking across all groups, and these associations were highly significant in all but 

a small number of cases. There was also little evidence for moderation, with one exception: 

E-cig use had a large and highly significant negative association with quitting smoking 

among those who did not definitely wish to quit or cut down, but this association was not 

significant among those who did definitely wish to quit or cut down (illustrated in Figure 3).

3.4 Smoking history and the role of e-cig use for quitting smoking

Next, we examined potential moderation by smoking and dependence history using 

prospective, longitudinal assessments. As shown in the bottom of Table 1, initiation of 

e-cigarette use continued to have a negative association with quitting smoking by age 39 

whether or not smoking onset occurred prior to age 21, dependence onset occurred prior to 
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age 30, smokers averaged less than a half a pack a day since age 21, or averaged fewer than 

3 dependence symptoms since age 24. No tests of moderation approached significance.

3.5 Sensitivity analyses

It is important to consider the possibility that the frequency of e-cig use could have effects 

on quitting smoking that are different from the effects of initiation or not (Kalkhoran et al., 

2020; National Academies of Sciences, Engineering, and Medicine, 2018). To examine this, 

we duplicated the models reported in Table 1 but replaced e-cig initiation with a continuous 

measure of past-month e-cigarette use frequency assessed at age 39. Results were similar 

to the prior models, however, with a significant negative association between e-cig use 

and quitting smoking (β = −.56 for both e-cig measures), and no significant association 

between e-cig use and reduced smoking or dependence symptoms, regardless of whether 

e-cig initiation or frequency of use was included in the models. The results of moderation 

analyses were also similar: e-cig use frequency was negatively associated with quitting 

smoking for all groups.

Another possibility is that some smokers may have quit prior to the wide availability of 

e-cigs, were subsequently less likely to try e-cigs, and remained nonsmokers at age 39. 

To the extent this occurred, prior quitting may provide an alternative explanation for the 

negative association observed between e-cig use and cessation at age 39. To test this, we 

examined smokers at age 30 and compared those who continued to smoke at ages 33 and 

35 with those who desisted at these ages, labeled “early desisters” (i.e., those reporting not 

smoking at age 35 or who were missing and not smoking at age 33; data were available for 

a smaller portion of the sample at age 35). Among early desisters (n = 66), 17% went on to 

try e-cigs, and over half of those (55%) who tried e-cigs relapsed to smoking combustible 

cigarettes by age 39. Of the early desisters who did not try e-cigs, only 18% relapsed by 

age 39. These findings are consistent with other studies (Dai and Leventhal, 2019a; Everard 

et al., 2020) that also found a positive association between e-cig use and relapse among 

desisters. Among those who did not desist early (n = 182), findings were similar to main 

results shown in Figure 1: age 39 quit rates were 7% and 34% for those who did and did not 

use e-cigs, respectively. Thus, although e-cig use was relatively rare among early desisters, it 

was negatively associated with quitting by age 39 for both those who did and did not desist 

early (β = −.55 and −.54, respectively, both p < .05, accounting for quantity of c-cig use at 

age 30 parallel to analyses in Table 1).

A final sensitivity check replicated main analyses but used a measure of not smoking in the 
past month at age 39 in order to provide a wider window of time for e-cig use to potentially 

aid quitting and to identify as quitters some participants who may have quit more recently. 

Results using this measure were similar to prior analyses, however, with past-month quit 

rates of 19% and 47% for those who did and did not use e-cigs, respectively (β = −.37, p < 

.001, corresponding to the first row, column (c), in Table 1).

4. Discussion

This study found that the use of electronic cigarettes among smokers in their 30s was 

consistently related to a lower likelihood of quitting combustible cigarettes, compared with 
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those who did not initiate e-cig use. This was true regardless of gender, ethnicity, education, 

whether one’s partner smoked, smoking attitudes, prior attempts to quit, other substance use 

disorders, or mental health status. Even smoking history and nicotine dependence, assessed 

prospectively over several years, had no notable effect on the negative association between 

e-cigarette use and smoking cessation. Only among those who expressed a definite desire 

to cut down on their smoking was the relationship between e-cig use and quitting not 

significant or approaching significance. Other studies have shown some support for e-cig 

use aiding smoking cessation particularly among those wanting to quit (Berry et al., 2019; 

Bhatnagar et al., 2019; Martínez et al., 2020). Our findings suggest only that e-cig use did 

not significantly interfere with quit attempts for some individuals—though the association 

remained negative overall. The consistent negative association with cessation held whether 

e-cig use was assessed as initiation or frequency of use, whether cessation was measured in 

the past year or past month, and held among those who did and did not desist early.

Among those who continued to smoke to age 39 and also used e-cigs, there was somewhat 

steeper decline in the quantity of combustible cigarettes used per day, but they were also 

significantly heavier smokers to begin with at age 33 compared with those who did not use 

e-cigs. After accounting for initial differences, we found no significant association between 

e-cig use and quantity of c-cigs used or nicotine dependence symptoms at age 39.

The data for this study were limited in some important respects. A community sample 

was utilized, originating from Seattle, potentially limiting its generalizability. Many had 

dispersed across diverse communities throughout the U.S., however, with only 30% residing 

in Seattle by age 39. And the prevalence of cigarette use at age 33 (33% in the past year) was 

comparable to the national prevalence for the corresponding age and year (Substance Abuse 

and Mental Health Services Administration, 2008). The sample size was somewhat limited 

for moderation analyses, though the multiple-group modeling procedures used helped to 

maximize power (Bollen, 1989). Also, because all associations between e-cig use and 

cessation were negative for all subgroups, the significance level of interactions pertains only 

to variations in the degree of negative association. The study did not include an ongoing 

assessment of e-cigarette use, but relied on self-reports of e-cig initiation and past-month 

use at age 39. The data also predate the introduction of JUUL, the largest retail brand 

by 2017, so may not reflect more recent changes in the retail landscape and increased 

nicotine delivery of e-cig devices (Huang et al., 2019; National Academies of Sciences,, 

Engineering, and Medicine, 2018). Like nearly all studies predicting smoking cessation, it 

was not possible to precisely identify the degree to which prior cessation drove lack of 

e-cig use, rather than the reverse. However, analyses of early desisters—and of desire and 

attempts to quit, and duration and extent of dependence, which are likely correlates of early 

desistence—sought to address this concern. Studies with initiation and quit dates are needed 

to fully untangle temporal order.

The study also included key strengths that help to address important outstanding questions 

regarding e-cigarette use and quitting smoking. We prospectively examined change in 

smoking behavior over a 6-year period corresponding to the initial availability of e-cigs 

and growth in their popularity. The study cohort was likely young enough to be open to new 

technologies, was at an advantageous age to succeed at quitting, and had ample opportunity 
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to try e-cigs for this purpose (e-cigs were widely available for 2 or 3 years prior to the 

outcome assessment at age 39) (Khan et al., 2014; Schauer et al., 2015; Vogels, 2019). We 

are aware of no other studies broadly investigating potential moderators of the association 

between e-cigs and smoking cessation, including smoking and smoking attitudes of partners 

and friends, personal smoking norms, and other substance use and mental health disorders, 

in addition to sociodemographics and prior desire and attempts to quit or cut down. Nor are 

we aware of other studies that have incorporated prospective assessments of smoking onset 

and adult history of dependence symptoms.

4.1 Conclusions

In the current literature on the efficacy of e-cigarette use for smoking cessation, our data 

are consistent with studies indicating that e-cigs are not helpful, and may instead be a 

hinderance to quitting smoking. We recognize that different studies with different strengths 

and weaknesses are reaching divergent conclusions. The present results underscore the need 

for more research and, in the meantime, an abundance of caution with respect to the use of 

electronic cigarettes as a potential aid to quitting tobacco smoking.
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Highlights

• Understanding the role of e-cigarettes in quitting smoking is important for 

public health.

• This longitudinal study examined potential moderators of the effects of e­

cigarette use.

• The study cohort experienced the introduction and growth of e-cigarettes 

during their 30s.

• E-cigarette use was associated with less smoking cessation in all study 

analyses.
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Figure 1. 
Prevalence of electronic cigarette use and quitting combustible cigarettes by age 39, among 

those who smoked at age 33 (N = 221). c-cig = combustible cigarette; e-cig = electronic 

cigarette.

Kosterman et al. Page 13

Drug Alcohol Depend. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Changes in combustible cigarette use and nicotine dependence symptoms by electronic 

cigarette use, among smokers who did not quit by age 39 (n = 154). c-cig = combustible 

cigarette; e-cig = electronic cigarette; dep. symps = dependence symptoms.
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Figure 3. 
Prevalence of electronic cigarette use and quitting combustible cigarettes by age 39, for 

those who did and did not definitely wish to quit or cut down (n = 77 and n = 136, 

respectively). c-cig = combustible cigarette; e-cig = electronic cigarette.
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Table 1

Potential Moderators of the Role of E-cigarette Use in Quitting Combustible Cigarettes Between Ages 33 and 

39

Model paths

N

(a)
Quant. c-cigs at 

33
→Quit by age 39

(b)
Quant. c-cigs at 

33
→E-cig initiation

(c)
E-cig initiation
→Quit by age 39

Diff.
χ2

†

Full analysis sample (smokers at age 33) 221 −.30*** .29*** −.56***

Moderation by social position, setting

   Female 98 −.45*** .07 −.54*** .08

   Male 123 −.18 .43*** −.66***

   European American 104 −.31** .34** −.64*** .00

   African American 63 −.32* .19 −.64***

   Without 2-yr college degree 168 −.21* .30** −.64*** .15

   With 2-yr college degree 53 −.70*** .21 −.37*

   Partner who does not smoke 80 −.34** −.06 −.70*** 2.41

   Partner who smokes 91 −.33* .55*** −.37
+

Moderation by attitudes, desire to quit

   Friends disapprove if you smoke 124 −.33** .05 −.57*** .04

   Friends approve if you smoke 80 −.29 .59*** −.61***

   Self disapproves of adult smoking 57 −.15 .10 −.70*** .61

   Self approves of adult smoking 157 −.40*** .31*** −.49***

   Does not definitely wish to cut down 136 −.26** .13 −.74*** 5.60*

   Definitely wishes to cut down 77 −.50*** .47*** −.21

   Has not tried to quit or cut down 67 −.50*** .44*** −.37* .80

   Has tried to quit or cut down 147 −.25* .19
+ −.62***

Moderation by health behavior, status

   Without alcohol use disorder 155 −.34*** .30** −.59*** .50

   With alcohol use disorder 59 −.22 .23 −.50**

   Without marijuana use disorder 183 −.34*** .29** −.54*** .18

   With marijuana use disorder 30 −.16 .21 −.67**

   Without depressive disorder 185 −.27** .32*** −.53*** .46

   With depressive disorder 33 −.66** .07 −.52*

   Without anxiety disorder 185 −.29** .30*** −.53*** 1.87

   With anxiety disorder 33 −.47
+ .24 −.67**

Moderation by smoking history: Prospective longitudinal 
assessment

   Onset 1+ cig. per day < age 21 115 −.21 .28** −.52*** .84
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Model paths

N

(a)
Quant. c-cigs at 

33
→Quit by age 39

(b)
Quant. c-cigs at 

33
→E-cig initiation

(c)
E-cig initiation
→Quit by age 39

Diff.
χ2

†

   Onset 1+ cig. per day ≥ age 21 86 −.20 .23
+ −.68***

   Onset dependence < age 30 104 −.05 .24* −.56** 1.12

   Onset dependence ≥ age 30 49 −.28
+ .21 −.75***

   Avg. < .5 packs per day ages 21-33 151 −.24* .13 −.56*** .16

   Avg. ≥ .5 packs per day ages 21-33 70 .01 .37** −.69***

   Avg. < 3 dep. symps ages 24-33 163 −.34*** .23* −.59*** .20

   Avg. ≥ 3 dep. symps ages 24-33 58 .46 .19 −.48
+

Notes. c-cig = combustible cigarette; e-cig = electronic cigarette; quant. = quantity; diff. = difference; dep. symps = dependence symptoms.

†
Difference χ2 tests the difference between groups in the model path from e-cig initiation to quitting c-cigs by age 39, using multiple-group 

modeling procedures.

+
P < .10, p < .05.

*
p < .05

**
p < .01

***
p < .001.
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