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ARTICLE INFO ABSTRACT

Keywords: Introduction: Many adult smokers have tried electronic cigarettes (e-cigarettes) as a less harmful alternative to
Electronic cigarettes combustible cigarettes. There is limited evidence, however, for the extent to which switching to e-cigarettes is
Smoking

associated with better health and functioning among nicotine users approaching their 40s—the beginning of
midlife—when many health issues become more evident. This study examined the adoption of e-cigarette use
(“vaping™) among smokers in their 30s, and its association with diverse measures of healthy and successful aging at
age 39.

Methods: Data were from the Seattle Social Development Project, a panel study of 808 diverse participants with
high retention (88%—91%). A subsample of 156 who used combustible cigarettes (smoked) at age 30 and smoked
or vaped at age 39 was selected for analysis. A measure of vaping frequency, relative to combustible cigarette use,
was computed from self-reports of past-month vaping and smoking at age 39. Nine measures of health and
functioning in the past year were computed at age 39, with nine corresponding measures at age 30.

Results: Among smokers at age 30, 36% adopted vaping some or all of the time by age 39. Higher relative vaping
frequency was related to 4 of 9 outcomes examined, including significantly more exercise, more constructive
engagement, better physical health, and higher SES at age 39, accounting for prior behaviors at age 30.
Conclusions: Findings suggest that, among smokers in their 30s, replacing combustible cigarettes with vaping may

Health consequences
Adult functioning
Aging

Midlife

be associated with key markers of healthy and successful aging to age 39.

1. Introduction

Electronic cigarettes (e-cigarettes) entered the market in the United
States in 2007, and by 2018 approximately 10% of adult combustible
cigarette smokers used e-cigarettes and 6% had made a full switch from
combustible cigarettes to e-cigarettes (Bao et al., 2020). E-cigarettes
typically produce a nicotine-containing aerosol that is inhaled by the
user, also known as “vaping” (we use “smoking” to refer only to
combustible cigarette use). There is ongoing debate about the harms and
benefits of e-cigarettes for public health. Although e-cigarettes contain a
number of hazardous substances and there is substantial evidence that
they increase risk of smoking initiation among youth and young adults,
e-cigarettes are less harmful to the user than combustible cigarettes
(National Academies of Sciences, 2018).

Studies on effects of vaping in adults have focused mainly on phys-
ical health (e.g., cardiovascular risk, respiratory function), mental
health (e.g., depression), and behavioral health (e.g., exercise, alcohol
use) (Gotts et al., 2019; National Academies of Sciences, 2018; Pokhrel
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et al., 2020; Saeed et al., 2020; Wang, 2020). No e-cigarette studies to
our knowledge have broadly examined adult wellbeing and functioning.
An important question is the extent to which adult smokers might turn to
e-cigarettes as a healthier form of nicotine use, and if there is evidence
for better overall health and functioning as they approach their 40s, the
beginning of midlife (Kanesarajah et al., 2018).

To examine this question, we drew on broad assessments of healthy
and successful aging (Lu et al., 2019; Michel and Sadana, 2017) that
include mental and physical health, as well as health-promoting be-
haviors, engaging in social and productive activities, and attaining
higher education or income. These different domains are important
because they can often interact to play a significant role in overall health
and wellbeing beyond more narrow assessments (Kanesarajah et al.,
2018; Mejia et al., 2017). Because of reduced stigma, odor, and physical
harm, it is possible that vaping—relative to smoking—could increase
opportunities (or reduce barriers) for health-promoting activities and
adult health and wellbeing (Fairchild et al., 2014; Sweanor et al., 2007).
For example, vaping (vs. smoking) may make it easier to exercise or to
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be in settings that encourage exercise, or to have nonsmoking peers and
partners, potentially reducing opportunities for other substance use.
Vaping may also enable more interaction with nonsmoking coworkers
and community members, and may increase other opportunities that can
lead to improved socioeconomic status (SES) (Kosterman et al., 2021).
Alternatively, it is also possible that nicotine users with better health and
functioning to begin with are more likely to adopt vaping as a healthier
choice for nicotine intake. Whether health and wellbeing influence
vaping choice or vice versa (or reciprocal influence), evidence for either
association would suggest an important role for vaping in healthy aging
among nicotine users.

We used prospective longitudinal data to examine those who were
smokers at age 30 (in 2005, prior to e-cigarette availability), and the
extent to which they adopted e-cigarette use as a proportion of their
total smoking and vaping at age 39. We then modeled changes in a set of
physical and mental health and adult functioning measures from ages
30-39, and tested the degree to which participants’ level of vaping at
age 39, compared to smoking, was associated with those changes. We
hypothesized that more vaping, relative to smoking, would be associated
with more improvement (or less decline) in health behaviors, func-
tioning, health outcomes, and success across the 30s. Given limited
research on vaping among adults beyond their 20s, findings may add to
understanding of vaping’s role in healthy aging among those who use
nicotine.

2. Materials and methods
2.1. Sample

Data were from the Seattle Social Development Project (SSDP), a
longitudinal panel study established in 1985 from a population of all
students (N = 1053) entering Grade 5 in 18 Seattle public schools
serving higher crime neighborhoods. Of these students, 808 (77%) youth
and their parents consented to participate in the longitudinal study.
Analyses reported here were based on two survey waves conducted at
ages 30 and 39 (in 2005 and 2014); retention of still-living participants
from the original panel was 91% (N = 719) and 88% (N = 677),
respectively (37 participants were deceased by age 39). Analyses
examined those who reported smoking at age 30 and smoking or vaping
at age 39 (N = 156). This sample was 54% male; 49% were European
American, 26% African American, 15% Asian American, and 11%
Native American—across race, 6% were of Hispanic ethnicity. The study
was approved by the Human Subjects Review Committee at the Uni-
versity of Washington and participants provided informed consent.

2.2. Measures

Combustible cigarette use at ages 30 and 39 was assessed with, “How
many times have you smoked cigarettes in the past month?” coded
0 (“not at all”) to 1 for a pack (20 cigarettes) a day or more; responses
between 0 and 1 were coded proportionally (e.g., half a pack coded to
0.5) (all measures were coded to a 0-1 scale to use a consistent metric).
E-cigarette use at age 39 was assessed with, “How many times in the past
month have you used smokeless or electronic cigarettes ('e-cigarettes,’
’vaping,” or ’ENDS’)?” Numeric responses were recoded to 0-1, with 1
indicating 30 or more times (95% reported 30 or fewer times; e-cigarette
assessments were not available prior to age 39).

Relative vaping frequency at age 39 was computed as vaping frequency
divided by the total of vaping plus smoking in the past month. Because
smoking and vaping were each coded to a 0-1 scale with 1 equivalent to
a daily vaper or pack-a-day smoker, the resulting continuous measure
represents the relative vaping frequency such that 0 indicates smoking
only with no vaping, 1 indicates vaping only with no smoking, and
scores between 0 and 1 indicate the relative level of e-cigarette use (e.g.,
0.5 indicates one occasion of vaping for every cigarette pack smoked).

Adult health and functioning in the past year at age 39, along with
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corresponding measures at age 30, was assessed with nine continuous
scales adapted from Kosterman et al. (2019). To aid in interpretation,
each scale was coded to 0-1 with 1 indicating the healthiest or most
positive outcome. Measures included: exercise (minutes, frequency and
intensity of weekly exercise where 0 is no exercise and 1 is meeting CDC
activity guidelines; U.S. Department of Health and Human Services,
2008); fewer alcohol problems and fewer drug problems (for each,
reverse-coded count of DSM disorder symptoms where O is meeting
disorder criteria and 1 is no symptoms; American Psychiatric Associa-
tion, 2013); constructive engagement (sum of typical time spent at work,
school, and homemaking where 0 is none and 1 is full-time equivalent);
civic engagement (sum of activities where 0 is none and 1 is participation
in voting, volunteering, community involvement, and advocacy);
nonsmoking partner and peers (where 0 is partner and three closest peers
all smoke cigarettes and 1 is none smoke); mental health (reverse-coded
count of major depression and generalized anxiety DSM disorder
symptoms where O is meeting disorder criteria for both and 1 is no
symptoms; American Psychiatric Association, 2013); physical health
(where 0 is self-report of poor or “worst possible” and 1 is excellent or
“best possible” physical health); and socioeconomic status (where 0 is at
or below U.S. median education and household income and 1 is above
median for both). Additional covariates included gender, ethnicity, and
years of education, as well as smoking quantity at age 30.

2.3. Analyses

Model analyses used Mplus 8.4 with full-information maximum
likelihood missing data estimation (Muthén and Muthén, 1998-2017).
Standardized coefficients and two-tailed tests of significance are pre-
sented. As in prior SSDP analyses (Kosterman et al., 2021), because part
of the sample had been assigned to a preventive intervention in the
elementary grades, we examined covariance equivalence across inter-
vention and control groups among variables in tested models. Differ-
ences in just two relationships were observed (stronger association of
vaping with fewer alcohol problems, and higher stability in physical
health among full-intervention participants), which did not substanti-
vely change the pattern or interpretation of full-sample results that are
presented.

3. Results

A total of 253 participants were smokers at age 30 (M =0.29 packs
per day), 156 of whom reported smoking and/or vaping in the past
month at age 39 and constitute the analysis sample. Of these, 64% only
smoked at age 39 (M =0.46 packs per day), 8% only vaped (M =0.36
times per day), and 28% were dual users (M =0.50 packs and M =0.38
times vaping per day).

To examine the association of vaping with changes in health and
functioning from ages 30-39, we tested separate models for each health/
functioning measure corresponding to the pathways illustrated in Fig. 1.
Results in Table 1, C paths, indicate that higher vaping frequency,
relative to smoking, was associated with significantly more exercise,
more constructive engagement, better self-reported physical health, and
higher SES at age 39, as well as a marginal association with more civic
engagement. No significant associations were found for alcohol or other
drug problems, nonsmoking partner and peers, or mental health. These
findings accounted for significant stability in the respective health and
functioning measures (A paths); the association of prior health and
functioning with relative vaping frequency (B paths); as well as gender,
ethnicity, education, and prior smoking.

4. Discussion
Most smokers at age 30 who continued to use nicotine used only

combustible cigarettes at age 39, although over one third (36%) used e-
cigarettes some or all of the time. We found that a higher frequency of
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Fig. 1. Illustration of path model used to examine the association of relative
frequency of vaping with changes in health and functioning from ages 30-39.
Paths A, B, and C correspond to columns in Table 1.

vaping, relative to one’s level of smoking, was associated with signifi-
cantly better health and functioning in 4 out of 9 indicators examined at
age 39 accounting for changes from age 30. Vaping, relative to smoking,
may particularly facilitate active social engagements that would explain
higher levels of constructive and civic engagement, exercise and, ulti-
mately, better physical health and SES. Whereas more sedentary (sub-
stance use), domestic (partner smoking status), or individual (mental
health) domains were not associated with vaping. Notably, there was
little relationship of prior health and functioning with adoption of e-
cigarette use, with the exception of physical health and SES. One un-
expected finding was that better physical health at age 30 was associated
with less relative vaping frequency at age 39 (f = —0.16, r = —0.14). It
is possible that those who reported their prior health as poor were more
motivated to try a safer mode of nicotine intake as they approached
midlife.

Limitations of this study include a community sample, originating
from Seattle, potentially narrowing its generalizability. By age 39,
however, participants had dispersed across diverse communities
throughout the U.S., with only 30% remaining in Seattle. Another caveat
is that the data pre-date the introduction of JUUL and some other major
e-cigarette manufacturers and may not reflect the most recent technol-
ogy (Huang et al., 2019; National Academies of Sciences, 2018). Also,
vaping was assessed concurrently with health and functioning at age 39.

Table 1
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It is possible that better health and functioning promoted more vaping
rather than the reverse. Such an interpretation would remain an
important finding, however, consistent with a significant role for vaping
in healthy aging among nicotine users. Further, this report did not
examine those who quit nicotine use entirely; future research may want
to compare the health and functioning of vapers with quitters.

The study also had important strengths, including a prospective
longitudinal design spanning 9 years of adulthood, and the ability to
account for parallel measures of each outcome and other key covariates
prior to e-cigarette availability. Diverse indicators of healthy and suc-
cessful aging were examined, which is necessary for a comprehensive
understanding of health and wellbeing (Lu et al., 2019; Michel and
Sadana, 2017). The age of the study cohort was particularly well suited
to this analysis, being old enough to witness the introduction of e-cig-
arettes in their 30 s—as existing smokers—yet likely young enough to
remain amenable to adopting a new technology (Vogels, 2019). They
may have also been at an advantageous age to recognize growing health
risks with continued smoking as they approached midlife, and to un-
derstand that e-cigarettes are a less harmful alternative (Bao et al., 2020;
Viscusi, 2016).

This study is among the first to investigate the adoption of e-cigarette
use among smokers in their 30s and its association with diverse in-
dicators of adult health and functioning. Findings suggest that smokers
who opt to vape may not only reduce their intake of toxins and carcin-
ogens, but may also improve or reinforce opportunities for healthy ac-
tivities and engagement, and for better physical health and success in
adulthood.
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Association of Relative Frequency of Vaping With Health and Functioning at Age 39.

Model pathways

Health/func. age 30—~ Health/func. age 39 (A

Health/func. age 30—Relative vaping freq.

Relative vaping freq.—Health/func. age 39

paths) (B paths) (C paths)
Health and functioning measures (SE) P B (SE) P B (SE) p
Health behavior
Exercise 0.33 ***  (0.09) < 0.001 -0.06 (0.08)  0.501 0.18 * (0.09) 0.036
Fewer alcohol problems 0.37 *** (0.08) < 0.001 0.03 (0.08) 0.681 -0.08 (0.08) 0.361
Fewer drug problems 0.33 *** (0.09) < 0.001 0.06 (0.08) 0.419 0.05 (0.05) 0.365
Adult functioning
Constructive engagement 0.24 * (0.10) 0.016 0.03 (0.06) 0.674 0.13**  (0.05)  0.009
Civic engagement 0.27 ***  (0.07) < 0.001 0.05 (0.08)  0.556 0.15" (0.08)  0.067
Nonsmoking partner and peers 0.36 *** (0.08) < 0.001 0.03 (0.08) 0.702 0.02 (0.08) 0.820
Adult health and success
Mental health 0.35 ***  (0.08) < 0.001 -0.10 (0.08)  0.199 0.07 (0.07)  0.371
Physical health 0.34 ***  (0.08) < 0.001 -0.16 * (0.06) 0.011 0.18 * (0.07)  0.013
Socioeconomic status 0.61 ***  (0.04) < 0.001 0.25**  (0.08) 0.001 0.16 **  (0.06)  0.007

Notes. Path coefficients are standardized betas (standard errors in parentheses). Health and functioning measures were labeled and coded such that higher scores

indicated better health or functioning. Paths A, B, and C correspond to pathways in Fig. 1. func. = functioning; freq. = frequency. "p < 0.10, *p < 0.05, **p < 0.01,

< 0.001.
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