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Abstract

Introduction: Reducing cigarette use is a major public health goal in the United States. Questions 
remain, however, about the potential for the social environment in the adult years—particularly in 
the 30s and beyond—to influence cigarette use. This study tested pathways hypothesized by the 
social development model to understand the extent to which social environmental factors at age 
33 (eg, involvement with smokers or with physically active people) contribute to changes in cigar-
ette use from age 30 to age 39. Both combustible and electronic cigarette use were investigated.
Methods: Data were from the Seattle Social Development Project, a longitudinal study of 808 
diverse participants with high retention. Self-reports assessed social developmental constructs, 
combustible and electronic cigarette use, and demographic measures across survey waves.
Results: At age 30, 32% of the sample reported past-month cigarette use. Using structural equa-
tion modeling, results showed high stability in cigarette use from age 30 to 39. After accounting 
for this stability, cigarette-using social environments at age 33 predicted personal beliefs or norms 
about smoking (eg, acceptability and social costs), which in turn predicted combustible cigarette 
use at age 39. Cigarette-using environments, however, directly predicted electronic cigarette use 
at age 39, with no significant role for beliefs about smoking.
Conclusions: Cigarette use was highly stable across the 30s, but social environmental factors pro-
vided significant partial mediation of this stability. Pathways were different for combustible and 
electronic cigarette use, however, with personal smoking norms playing an important role for the 
former but not the latter.
Implications: This study addresses the need for longitudinal investigation of social mechanisms 
and cigarette use in the 30s. Findings reinforce efforts to prevent the uptake of cigarettes prior to 
the 30s because, once started, smoking is highly stable. But social environmental factors remain 
viable intervention targets in the 30s to disrupt this stability. Addressing personal norms about 
smoking’s acceptability and social costs is likely a promising approach for combustible cigarette 
use. Electronic cigarettes, however, present a new challenge in that many perceived social costs of 
cigarette use do not readily translate to this relatively recent technology.
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Introduction

Cigarette use remains the leading cause of preventable disease, dis-
ability, and death in the United States. Although rates of smoking 
have decreased, 14% of adults (34 million) in the United States 
smoked cigarettes in 2017.1,2 Nicotine is known to be among the 
most addictive substances and it is estimated that only 6% of 
smokers who attempt to quit each year are successful.3,4 Better 
understanding of social factors that can contribute to reductions 
in adult cigarette use is of ongoing importance to public health 
campaigns and intervention development.2 The 30s may be an im-
portant but underexamined age period for intervention because 
smokers who quit successfully typically do so in the 30s,5 whereas 
quitting after the 30s and early 40s is relatively rare.6,7 The 30s is 
also often a transitional time that includes longer term consider-
ations of one’s own health and functioning (eg, consequences of 
health risks, career development, and parenting)8–10 that may bol-
ster efforts to change.

The social environment has been shown to play an important 
role in the etiology of substance use, including cigarette use, in 
adolescence and young adulthood.11,12 Major social risk fac-
tors for tobacco initiation include family members or peers who 
smoke, neighborhood exposure to and availability of tobacco 
products, lower socioeconomic status of family or neighborhood, 
and personal educational attainment.11,13 Studies have also found 
that gender, ethnicity, social skills, and perceived norms or beliefs 
about the acceptability of and harm from smoking can be signifi-
cant risk or protective factors for youth and early adult tobacco 
use.11,14,15

Less research has examined social environmental factors 
later into adulthood and their possible effects on cigarette use. 
Exceptions include some recent studies of smoking cessation 
among participants age 30 and older indicating that reduced cig-
arette use was related to having a nonsmoking and supportive 
partner; fewer friends who smoke; and family, peer, and com-
munity norms that support nonsmoking.16–18 Legislation banning 
smoking in public places has also been associated with a down-
ward trend in smoking behavior overall.19 There remains a need, 
however, for a more systematic, theory-guided approach that in-
corporates multiple risk and protective factors into a single model 
and identifies specific social mechanisms and pathways associated 
with smoking. More longitudinal studies that reach into adult-
hood are especially needed to examine the lagged relationships 
between social mechanisms and smoking.20,21 The advantage of 

this approach, compared with more exploratory or cross-sectional 
studies with younger cohorts, is that it can help to identify how 
predictive factors are interrelated and potentially guide interven-
tions to improve effectiveness and efficiency in reducing cigarette 
use in the 30s and beyond.

New questions are also raised by the advent of electronic cig-
arettes (e-cigs), which first became commercially available in the 
United States in 2007. E-cigs are typically battery-powered devices 
that deliver nicotine by heating a nicotine-containing liquid which 
is then inhaled as an aerosol. Although e-cigs contain potentially 
toxic substances including fine particulate matter and metals, cur-
rent research suggests that major brands (not containing vitamin-E 
acetate) are less harmful than conventional or combustible cigarettes 
(c-cigs).22,23 Many adult smokers believe that e-cigs can help them re-
duce or quit c-cig use and use them for this purpose—although there 
is debate about the effectiveness of this strategy.23–25 In 2016, 3% of 
the total adult U.S. population and 11% of current c-cig smokers re-
ported using e-cigs every day or some days. Among e-cig users, 29% 
reported being a former smoker, suggesting that e-cigs had replaced 
their prior combustible cigarette use. Two  thirds (66%) of adult 
e-cig users, however, reported using both e-cigs and c-cigs, and only 
4% were not regular c-cig users before using e-cigarettes (adapted 
from Bao et al.26). Since 2016, data show a slight dip and rebound in 
overall adult e-cig use prevalence (at 3.2%, 2.8%, and 3.2% across 
years from 2016 to 2018).27 Given their association and overlap, it 
is important to consider the role of social environmental factors for 
e-cig use as well as c-cig use. We are aware of no research focusing 
on social environmental factors that predict e-cig use in the 30s or 
compare that use with c-cig use. The current investigation addresses 
these research needs.

The Social Development Model in the 30s
The social development model (SDM)28,29 is used in the present study 
to investigate the role of social environmental factors in the mid-30s 
for cigarette use from age 30 to 39. As shown in Figure 1, the SDM 
posits that an individual develops health-related behaviors through 
a process that begins with opportunities for interaction with others 
(both health-promoting and health-risking) in the various social en-
vironments in which he or she is embedded (eg, family, peers, school, 
and workplace). Through involvement in interactions with others, 
and skills relevant to the interactions and behaviors, an individual 
is rewarded by approval and success, leading to a social bond of at-
tachment and commitment to the person or group with whom one 
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is involved. Bonding, in turn, motivates an individual to adopt the 
beliefs and values of the respective social environments. The extent 
to which this process leads to health-promoting behavior (eg, phys-
ically active; upper pathway in Figure 1) or health-risking behavior 
(eg, smoking; lower pathway) depends on the predominant values 
and behaviors of the social environments and the degree to which an 
individual is involved, rewarded, and bonded in that environment.

To illustrate with respect to cigarette use, an individual’s risk for 
smoking would be predicted in part by the extent to which friends 
and other peers smoke (opportunities), how often the individual is 
involved with smoking peers, the rewards and reinforcements re-
ceived from smoking peers, the strength of bonds with these peers, 
and the extent to which the individual adopts similar norms and 
beliefs about smoking as these peers. The parallel health-promoting 
pathway includes the same general constructs but references the 
extent to which peers engage in healthy activities (running, biking, 
etc.). In addition, the SDM accounts for the effects of prior behavior 
both directly and indirectly (through social developmental pro-
cesses) on later health behavior, as well as the influence of external 
social constraints (societal norms, rules, and laws), one’s position 
in the social structure (gender, ethnicity, and socioeconomic status), 
and individual characteristics (such as temperament) (shown as ex-
ogenous factors in Figure 1).

We and others have applied the SDM across diverse samples to 
successfully predict a range of health-related outcomes including 
substance use and misuse and other problem behaviors, as well as 
positive outcomes.29–35 No tests of the SDM specific to tobacco use, 
however, have been conducted. The SDM is well suited to the 30s 
because it captures diverse sources of social influence reflecting the 
variation in life paths at this age (eg, for a single person who is dating 
and attending school, or for a married parent who is working full 
time). For the prediction of cigarette use in the 30s in the present 
study, we included factors along the health-risking pathway that 
were specific to cigarette-using environments (perceived opportun-
ities with others who smoke cigarettes, etc.), and factors along the 
health-promoting pathway specific to environments that promote 
good physical health, largely focused on the extent to which others 
across different social environments engaged in physical activities to 
improve health.

Study Aims
The goal of this study was to better understand the degree to which 
social environmental factors in the 30s help explain continuity in 
cigarette use from age 30 to 39. To do this, we addressed three main 
study aims. First, we specified measures of the social environment in 
the mid-30s to investigate the cigarette-using and health-promoting 
environmental pathways consistent with the SDM. Second, we 
aimed to model the continuity of cigarette use from age 30 to 39 and 
test the hypothesis that environmental and attitudinal mechanisms 
specified by the SDM mediate this continuity. To the extent mediated 
pathways are confirmed, these can inform intervention development 
seeking to reduce cigarette use during the 30s. Third, use of elec-
tronic cigarettes was included in the model in order to test the hy-
pothesis that similar environmental factors played a significant role 
in predicting this emerging behavior when considered jointly with 
combustible cigarette use. Given growing interest in e-cigs, it is im-
portant to investigate similarities and differences in environmental 
factors contributing to their use compared with c-cigs. If different 
pathways emerge, the possibility of use-specific intervention implica-
tions should be considered.

Methods

Sample
Data are from the Seattle Social Development Project, a longitudinal 
study of health behavior and health outcomes. The longitudinal panel 
was established in 1985 from a population of all students (N = 1053) 
entering Grade 5 in 18 public schools serving higher crime neighbor-
hoods in Seattle, Washington. Of these students, 808 (77%) youth 
and their parents consented to participate in the longitudinal study. 
Data for analyses reported here were collected in the spring of 2005, 
when most participants were 30 years old (M = 30.51, SD = .55), and 
again at ages 33 (2008) and 39 (2014). Retention of still-living parti-
cipants from the original panel averaged 90% from age 30 to 39 (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 sample was 51% male; 
47% were European American, 26% African American, 22% Asian 
American, and 5% Native American. Of these, 5% were Hispanic. 
Over half (52%) had experienced childhood poverty as evidenced by 
participation in the National School Lunch/Breakfast Program be-
tween the ages of 10 and 12. Participants were interviewed in person 
and completed password-protected web-based surveys lasting 2–3 
hours in total, after which they received $100 compensation. The 
study was approved by the Human Subjects Review Committee at 
the University of Washington.

Design
To test study aims, we sought to utilize available measures across 
data waves in the 30s to best represent all model constructs and 
outcomes and hypothesized temporal relationships, as well as to re-
tain relative model parsimony for analytic execution and interpret-
ability. To achieve this, continuity and mediation of cigarette use 
was examined by modeling the direct association of cigarette use 
at age 30 with cigarette use at age 39 as well as the indirect asso-
ciation mediated through SDM constructs modeled at age 33. All 
SDM constructs at age 33 were linked by pathways consistent with 
SDM hypotheses. To limit model complexity, exogenous covariates 
were confined to key demographic measures shown to be associated 
with cigarette use, modeled as “position in the social structure” as 
specified by the SDM.11,14

Measures
Social Development Model
SDM measurement has been developed and validated in prior re-
ports.29–31,34 SDM constructs used in this analysis were assessed 
with self-reports of past-year behavior at age 33. For each con-
struct, items similar to those shown illustratively in Table  1 were 
assessed across multiple life domains (spouse/partner, dating, peers, 
and coworkers) and combined into mean scales. Because items were 
combined across different domains into a formative index, internal 
consistency estimates are not appropriate (eg, the level of opportun-
ities for involvement with partner were not necessarily expected to 
be associated with the level of opportunities for involvement with 
peers), with the exception of skills for health (α = .81) and cigarette 
beliefs (α  =  .60).36 To define opportunities, involvement, rewards, 
and bonding as health promoting or health risking, these measures 
were weighted by the degree to which others in the social environ-
ment were engaged in health-promoting activities or cigarette use. 
For example, to indicate a health-promoting social influence, fre-
quency of involvement with three closest friends was weighted by 
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the degree to which each friend was engaged in healthy activities 
(eg, running or biking) such that involvement with a relatively active 
friend would obtain a higher score but equivalent involvement with 
a relatively inactive friend would obtain a lower score. Similarly, to 
indicate a health-risking social influence, the frequency of involve-
ment with closest friends was weighted by the extent to which each 
friend used cigarettes.31,37 After weighting, measures of each SDM 
construct were created by combining items into mean scores and 
then recoding the range from 0 to 1 to provide consistency in range 
across scales. Higher scores indicated a higher level of the construct 
as labeled.

Cigarette Use
Frequency of c-cig use in the past month was included in the models 
at ages 30 and 39, self-reported on a 5-point scale for typical daily use 
from “not at all,” “less than one cigarette a day,” and so forth, up to 
“about a pack a day or more.” Frequency of e-cig use was also included 
at age 39, self-reported as number of times used in the past month 
(coded 0–30 to limit outliers). Because e-cigs were new to the market 
and still rare, e-cig use was not assessed at age 33 (in 2008) or prior. 
All cigarette-use measures were log-transformed to reduce skewness.

Covariates
Demographic covariates included gender (coded 1 if male, 0 if 
female), ethnicity (dummy coded for African American, Asian 
American, and Native American, with European American as ref-
erence category), childhood poverty (coded 1 if participated in the 
school lunch/breakfast program between ages 10 and 12, 0 other-
wise), and educational attainment (years of schooling by age 21).

Analyses
Models were examined with Mplus 7.4 using the MLR esti-
mator (maximum likelihood  with robust standard errors) and 
full-information maximum likelihood missing data estimation.38 
Standardized path coefficients are presented, using two-tailed tests 
of significance. The comparative fit index (CFI)39 and root mean 
squared error of approximation (RMSEA)40 are reported for model 
fit. Part of the sample was exposed to a multicomponent preventive 
intervention in the elementary grades, consisting of teacher training, 
parenting classes, and social competence training for children.41 It is 
possible that the intervention led to differences in the covariances 
among study variables. To investigate this, we conducted a multiple-
group structural equation model test comparing a model where co-
variances were constrained to be equal across the full intervention 
(those receiving all intervention components, where intervention 
effects have been found to be strongest in prior reports) and con-
trol groups, to a model in which these parameters were freely es-
timated.38 This test showed no significant reduction in the overall 
fit of the constrained model (Δχ 2(46) = 49.00, p = .35), suggesting 
no substantial group differences in the relationships of interest and 
supporting full-sample analyses. Thus, consistent with prior analyses 
that have shown few differences in the covariance structures of the 
intervention and control groups,30,42 analyses shown here were based 
on the full sample.

Results

Descriptive statistics and zero-order correlations among study vari-
ables are shown in Table 2. At ages 30 and 39, 230 (32%) and 159 

Table 1. Social Development Model Measures

Construct Description
Number 
of items Example

Perceived opportunities 
with active people

Perceived opportunities for involvement with others 
who engage in activities to improve health

7 I have lots of chances to do things with my partner. 
[weighted by partner’s engagement in activities to 
improve physical health]

Involvement with active 
people

Actual involvement with others who engage in 
activities to improve health

12 Overall, how often do you interact, hang out, or talk 
with the friend closest to you? [weighted by his or her 
engagement in activities to improve physical health]

Perceived rewards from 
active people

Perceived rewards for involvement with others who 
engage in activities to improve health

15 How much support and encouragement do you receive 
from your partner? [weighted by partner’s engagement 
in activities to improve physical health]

Bonding to active people Attachment and commitment to others who engage 
in activities to improve health

13 How close is your relationship with the friend closest to 
you? [weighted by his or her engagement in activities 
to improve physical health]

Belief in importance of 
being active

Value of active leisure activities to participant 1 How important are active leisure activities to you 
personally?

Perceived opportunities 
with smokers

Perceived opportunities for involvement with others 
who smoke cigarettes

9 I have a lot of chances to do things with my coworker(s). 
[weighted by coworkers’ use of cigarettes]

Involvement with smokers Actual involvement with others who smoke 
cigarettes

14 How often do you interact or talk with your partner? 
[weighted by partner’s use of cigarettes]

Perceived rewards from 
smokers

Perceived rewards for involvement with others who 
smoke cigarettes

15 How much can you really count on the friend closest 
to you to help you feel better when you are feeling 
generally upset or down in the dumps? [weighted by 
his or her use of cigarettes]

Bonding to smokers Attachment and commitment to others who smoke 
cigarettes

13 I would stick by my partner no matter what. [weighted 
by partner’s use of cigarettes]

Belief that cigarette use is 
ok with few social costs

Values accepting of others who smoke cigarettes 4 Do you think it is okay for adults to smoke cigarettes?

Skills for health-related 
involvement

Proactive involvement in managing health (adequate 
sleep, control stress, and daily routines)

4 How often to you get adequate sleep every day?
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(24%) participants reported past-month c-cig use, respectively, and 
130 (20%) reported c-cig use at both ages. Mean c-cig use at age 
39 was almost half a pack a day (interpolated as 9.04 cigarettes/
day from the 5-point scale, SD = 6.55) among users; 60 participants 
(9%) reported past-month e-cig use with a mean frequency of 8.62 
times in the past month (SD = 10.60) among users; 45 participants 
(7%) reported both past-month c-cig and e-cig use (Table 2 shows 
means of the logged scores used in the analysis). It is noteworthy that 
the magnitude of correlations of cigarette use in the 30s with gender, 
ethnicity, and childhood poverty was relatively low. The only correl-
ations above .10 in magnitude were the association of gender (male; 
r  =  .11) and Asian American ethnicity (vs. European American) 
(−.11) with c-cig use at age 39. Educational attainment was an ex-
ception, with strong associations with less c-cig use at both ages 30 
(−.36) and 39 (−.33). E-cig use had almost no association with these 
demographic measures, including education (r = −.05).

Social Development Model for Combustible and 
Electronic Cigarette Use
Table  2 shows that the measures of opportunities, involvement, 
rewards, and bonding were highly correlated. In line with the ap-
proach taken in prior tests of the SDM,30,31 these findings motivated 
the creation of two latent variables to capture the common variance 

in these constructs: one factor for the health-promoting environment 
(indicated by opportunities, involvement, rewards, and bonding with 
active people), and one factor for the cigarette-using environment 
(indicated by opportunities, involvement, rewards, and bonding with 
smokers). A model including these latent variables and structural re-
lationships consistent with the hypothesized pathways of the SDM is 
shown in Figure 2. This model included c-cig use at age 30 as prior 
behavior and both c-cig and e-cig use at age 39 as correlated health 
behavior outcomes, as well as demographic covariates predicting 
prior behavior, skills, and environmental factors as specified by 
the SDM. Covariances among significantly correlated residuals of 
all corresponding health-promoting and cigarette-using constructs 
(eg, bonding to active people with bonding to smokers) were also 
included in the model. For clarity, pathways for demographic 
covariates and correlated residuals are not shown in Figure 2; all 
other significant and nonsignificant pathways depicted were in-
cluded in the final model. Factor loadings on the two latent environ-
ment variables all exceeded .92 and the measurement model fit the 
data moderately well: χ 2(115) = 681.03, CFI = .94, RMSEA = .08.

Results of the structural model indicated that the largest effects 
by far on both c-cig and e-cig use at age 39 were the direct paths 
from prior cigarette use at age 30 (Figure 2). The standardized path 
coefficients indicate an effect size of a one standard deviation change 

Table 2. Correlations Between Measures

Construct 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 M (SD)

1. Gender (male) .01.04−.08−.08−.14* .04 −.06 −.02 −.02 −.05 .09 .04 .03 .04 .20* .02 .09* .11* .05 −.01 .05 .51 (.50)
2. Afr Am (vs. Eur 

Am)
 — — .45*−.10*−.13*−.09*−.11* −.07 −.09* −.01 .01 −.03 −.01 .07 .01 −.03 −.03 .02 −.10* −.01 .26 (.44)

3. Asn Am (vs. Eur 
Am)

  — .35* .12* .04 .02 .04 .06 −.04 −.08 −.07 −.05 −.06 −.02 −.04 −.08 −.11* −.03 .04 −.07 .22 (.41)

4. Nat Am (vs. Eur 
Am)

   .17*−.14*−.14*−.12*−.11*−.13*−.07* .08* .04 .08* .06 .06 −.03 .07 .08* .00 −.13* .07 .05 (.22)

5. Childhood poverty    −.31*−.19*−.12*−.16*−.13*−.12* .14* .15* .11* .12* .04 −.01 .08 .05 .02 −.16* .13* .52 (.50)
6. Educ. Attainment      .27* .22* .25* .23* .22*−.32*−.31*−.27*−.27*−.20* .08*−.36*−.33* −.05 .25* −.30* 12.23 (1.41)
7. Health 

opportunities
      .89* .93* .94* .29*−.30*−.27*−.25*−.26*−.21* .18*−.27*−.27*−.07* — — .75 (.21)

8. Health 
involvement

       .90* .91* .29*−.26*−.18*−.20*−.20*−.16* .19*−.22*−.21*−.08* — — .63 (.17)

9. Health reward         .94* .28*−.30*−.25*−.21*−.24*−.19* .18*−.23*−.21*−.08* — — .68 (.20)
10. Health bonding          .27*−.26*−.21*−.19*−.18*−.16* .17*−.22*−.21* −.06 — — .66 (.18)
11. Health belief           −.13*−.13*−.10*−.11*−.20* .26*−.18*−.18* −.02 .30* −.12* .73 (.31)
12. Cig. 

opportunities
           .95* .95* .96* .42*−.17* .43* .33* .24* — — .23 (.18)

13. Cig. involvement             .94* .94* .42*−.17* .44* .35* .21* — — .21 (.16)
14. Cig. rewards              .98* .40*−.12* .42* .32* .21* — — .20 (.19)
15. Cig. bonding               .40*−.14* .42* .32* .23* — — .20 (.19)
16. Cig. belief                −.12* .35* .34* .14*−.19* .42* .43 (.20)
17. Skills for health                 −.16*−.09* −.03 .18* −.15* .60 (.21)
18. C-cig use (age 

30)
                 .68* .35*−.24* .44* .67 (1.11)+

19. C-cig use (age 
39)

                  .30*−.23* .34* .56 (1.09)+

20. E-cig use (age 39)                   −.07* .23* .15 (.57)+

21. Health-prom. 
env.

                    −.25* .28 (.20)

22. Cig.-using env.                      −.22 (.18)

Afr Am = African American; Asn = Asian; Nat = Native; Eur = European; Educ. = Educational; Cig. = cigarette; C-cig = combustible-cigarette; E-cig = electronic-
cigarette; prom. = promoting; env. = environment.
*p < .05.
+Logged scores; other scales (other than educ. attainment) ranged from 0 to 1.
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in prior cigarette use, which is equivalent to 1.88 c-cigs used per day 
or using e-cigs 1.38 times per month at age 39 for every 3.02 c-cigs 
used per day at age 30. It is noteworthy, however, that the struc-
tural relationships among SDM constructs at age 33 are consistent 
with SDM hypotheses and that, after accounting for the strong sta-
bility in cigarette use over time, social environmental factors in the 
intervening years still played a significant role for later cigarette use. 
The indirect effects demonstrated significant partial mediation of 
the effects of prior c-cig use on both c-cig and e-cig use at age 39 
(β = .03, p < .05, and β = .04, p < .05, respectively). Prediction of 
c-cig use was primarily through the cigarette-using environment and, 
in turn, personal cigarette norms (beliefs that cigarette use is okay 
and has few social costs) at age 33. But e-cig use was predicted only 
through the cigarette-using environment, with little role for personal 
cigarette beliefs for this behavior.

The model also indicated a smaller though significant role for the 
health-promoting environment on less c-cig use at age 39, but no role 
on later e-cig use either directly or indirectly through health beliefs. 
Among demographic variables (not shown), educational attainment 
demonstrated significant associations with both health-promoting 
(β =  .14, p < .01) and cigarette-using environments (β = −.14, p < 
.01), as well as less c-cig use at age 30 (β = −.36, p < .001). Childhood 
poverty was also associated with cigarette-using environments at age 
33 (β =  .08, p < .05). Direct effects of skills for health-related in-
volvement on c-cig and e-cig use were also tested but were not sig-
nificant and not added to the model. This model fit the data well: 
χ 2(116) = 328.52, CFI = .98, RMSEA = .05.

Discussion

Results indicated a significant role of the social environment for cig-
arette use in the 30s. The strongest predictor of cigarette use at age 
39 was prior use of cigarettes at age 30, which was expected for 

an addictive substance such as nicotine. But social environmental 
factors in the mid-30s still contributed to the variance in cigarette 
use at age 39, even after accounting for prior cigarette use at age 
30. This is itself a noteworthy result of the study because it suggests 
that even among smokers who are well into adulthood, their social 
environment in the 30s can have an influence on their cigarette use. 
The social environmental effects in the model indicated significant 
partial mediation of cigarette use for both c-cig and e-cig use at age 
39. Given the strong stability in cigarette use across the 30s, this 
result was not obvious a priori, nor has such mediation been demon-
strated in prior studies for this age period. Although the mediation 
was small relative to the high stability in cigarette use, the significant 
indirect effects can have a meaningful impact on population health 
given the role of cigarette use as the leading preventable cause of 
death in the United States.2,43

Significant mediated pathways linking prior with later cigar-
ette use were primarily through the cigarette-using environment 
and beliefs about the acceptability of cigarette use, although 
the health-promoting environment also played a significant but 
smaller role. Specifically, environments characterized by oppor-
tunities, involvement, rewards, and bonding to smokers were re-
lated (directly or indirectly) to both greater c-cig and e-cig use, 
and environments characterized by experiences with others who 
engaged in healthy activities like running or biking were associ-
ated with less c-cig use. It should be noted that the cigarette-using 
and health-promoting environments were negatively correlated 
(−.25), suggesting a relative lack of health-promoting influences 
for those more enmeshed in cigarette-using environments and 
who were, therefore, less likely to have healthy social experi-
ences counteracting those supporting cigarette use. However, re-
sults suggest that active environments may have potential to help 
diminish c-cig use even if cigarette-use promoting influences are 
present.
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people

Cigarette-
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Figure 2. Latent variable model predicting combustible and electronic cigarette use at age 39 with pathways hypothesized by the social development model; 
predictors were assessed at age 33 except prior cigarette use. Significantly correlated residuals of indicator variables and corresponding model factors were 
included but not shown for clarity. cig. = cigarette. N = 788. χ2(116) = 328.52, CFI = .98, RMSEA = .05. Indirect effects: c-cig to c-cig = .03, p < .05; c-cig to e-cig = .04, 
p < .05. *p < .05, **p < .01, ***p < .001.
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Findings also indicated an important difference in social envir-
onmental pathways for c-cig use versus e-cig use. Beliefs about cig-
arette use—whether it is okay for adults, and whether it affects a 
person’s social attractiveness—had a direct link to c-cig use at age 
39 but not to e-cig use. This result is perhaps not surprising because 
public health campaigns against smoking have often stressed the so-
cial costs of smoking as a “disgusting habit” or cause for romantic 
rejection.44,45 With the advent of electronic cigarettes that reduce or 
eliminate the smoky odor, ashtrays, and cigarette butts associated 
with c-cig use, the beliefs and norms related to these “costs” are not 
salient.46,47 Hence, relationships with smokers—the cigarette-using 
environment—remained important for e-cig use, but the effect was 
direct, and norms and beliefs about the social costs of smoking did 
not appear to be activated.

An important limitation of the study is that there were no meas-
ures of social environments or beliefs specific to e-cigs. Future re-
search should consider effects of relationships with others who use 
e-cigs and the perceived acceptability of e-cigs, as well as assessment 
of why participants used e-cigs. In addition to delivering nicotine 
in a more socially acceptable manner, research suggests that most 
smokers are attracted to e-cigs as a way to reduce or replace c-cig 
use for personal health reasons, but others may be motivated to use 
e-cigs by a desire to use more nicotine (eg, in areas where c-cigs are 
not allowed).48 In either case, these groups of e-cig users would also 
not be guided by their beliefs about the social costs of cigarette use, 
though beliefs about health effects of nicotine and other e-cig toxins 
could play a role.

Other limitations include a geographically limited sample that 
originated in Seattle. By age 30, however, much of the sample 
had dispersed across many different communities throughout the 
United States and beyond; only 30% remained in Seattle by age 39. 
Additionally, any differences in risk associated with the sample may 
affect the rates of risk behavior like smoking, but were not expected 
to influence the covariances that were the focus of this report. Testing 
the relationships reported here in other samples remains important, 
however. Self-report measures were used, but more than 20  years 
of confidential interviews with the longitudinal panel bolsters con-
fidence in honest reporting. Cigarette use measures asked about use 
in the past month at ages 30 and 39, a limited timeframe that may 
not capture some patterns of episodic use. The study first measured 
e-cig use in 2014 (age 39); however, e-cigs were not widely available 
prior to 2008 (age 33) when measures of the SDM were assessed, 
thereby making it unlikely that prior e-cig use substantially influ-
enced model variables. On the other hand, because 2014 was rela-
tively early in the history of e-cigarettes, our measure preceded the 
introduction of Juul (that became the largest retail brand by 2017)49 
and the identification of vaping-associated lung injury.22 Ongoing 
research is critical as the context and long-term consequences of 
e-cigarette use evolve. Important strengths of the study include lon-
gitudinal assessments enabling temporal modeling of prior behavior, 
social developmental mechanisms, and subsequent outcomes. The 
study was also theory guided from its inception, providing estab-
lished measures of the SDM, as well as important demographic and 
socioeconomic covariates.

From a public health perspective, this study’s findings stress, first 
of all, the importance of preventing the uptake of smoking prior to 
the 30s. Consistent with the known addictive properties of nicotine, 
smoking behavior by age 30 was by far the strongest predictor of 
cigarette use 9  years later. Prior smoking also predicted the selec-
tion of cigarette-using environments at age 33. Findings also suggest, 

however, that the 30s may not be too late to address social influ-
ences with the potential to curb adult cigarette use. For combustible 
cigarettes, promoting active environments and stressing the health 
and social costs of cigarette use could remain a promising approach 
even among those who smoke beyond their 20s. Electronic cigar-
ettes, however, present a unique challenge in that many antismoking 
beliefs and norms may not readily translate to this relatively new 
technology. Prevention programs and messages in this new era of 
e-cigs should consider other approaches, including limiting the 
availability of cigarette-using environments themselves (eg, public 
smoking/vaping restrictions), as well as disrupting the link between 
cigarette-using environments and one’s own use by stressing the risks 
and costs of nicotine addiction whether or not accompanied by to-
bacco smoke. At the same time, messages for current smokers should 
be mindful of the preferred goal of ending all forms of cigarette use, 
balanced with our current understanding that replacing c-cigs with 
e-cigs (with reputable branding22) will also likely have some public 
health benefit by reducing exposure to known carcinogens associ-
ated with combustible cigarette smoke.
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