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Abstract

Introduction: There is increasing recognition that non-daily cigarette smoking is common in early adulthood but less is known about its stability
over time, or what influences transitions to heavier or nonsmoking. We examined the stability of non-daily smoking in a sample of young adults,
and tested whether social and cognitive factors predicted transitions to other smoking patterns over time.

Aims and Methods: Participants were 579 young adults (18-24 years old at enrollment, 52% male) who were non-daily and never-daily cigarette
smokers and California residents. Participants completed 13 waves of assessment over 3 years. We used descriptive statistics to evaluate the
frequency of consistent abstinence, defined as no cigarette use at two consecutive waves and no cigarette use at any subsequent waves. Cox
and logistic regression were used to test predictors of consistent abstinence.

Results: We found that 55% of participants smoked intermittently throughout the study, while 43% were consistently abstinent by the end
of the study; few transitioned to daily smoking. Stopping smoking was associated with having fewer smoking friends, smoking less in social
situations, having lower positive reinforcement expectancies for smoking, and having stronger intent to quit. Post hoc analyses indicated those
who stopped smoking tended to report reductions in positive reinforcement expectancies and increased intent to quit in the 6 months before
stopping.

Conclusions: Findings suggest a substantial minority of young adult non-daily smokers may stop on their own, but that the majority continue
smoking and may require intervention. Interventions for this population should address social motives and reinforcement expectancies.

Implications: The majority of young adults who are non-daily cigarette smokers appear to maintain this habit over an extended period and
may require intervention. Interventions that focus on reducing expectancies for positive effects of and social motives for cigarette use and on
increasing intent to quit smoking may be most effective.

Introduction Despite increasing attention, our knowledge about the
temporal stability of non-daily smoking is less complete.
In a study of high school seniors, White et al. found that
about one in five reported non-daily smoking at each of five
assessments over 2 years.” Of those who reported non-daily
smoking at any timepoint, 56%-72% reported the same
status 6 months later. Subsequent studies suggest non-daily

patterns can be stable over multiple years during specific

Historically, cigarette smoking research has focused on reg-
ular, daily smokers, while non-daily cigarette use was typi-
cally conceptualized as a transient state.! However, recent
years have seen increasing attention on intermittent or non-
daily cigarette smokers, particularly in youth and emerging
adult (eg, 18-24 years old) populations. This reflects the
increasing awareness that non-daily smoking is more preva-

lent than previously thought, and may be a stable pattern for
some smokers.? It also reflects the fact that intermittent users
of cigarettes may not describe themselves as smokers,’ and
thus may not be identified as candidates for intervention. This
is a particularly important missed opportunity during ado-
lescence and emerging adulthood, as most dependent daily
smokers begin their use during this period.** Even those who
maintain intermittent smoking accrue health risks. Evidence
suggests that increased risk of mortality compared with non-
smoking begins at 6-10 cigarettes per month and increases
with heavier use.®

developmental periods (eg during college).® However, other
studies suggest change is more common,’ and longer-term
studies have shown decreased stability over longer periods.?
These discrepancies may reflect methodological variations,
including differences in how smoking is operationalized and
in frequency and length of follow-up. Moreover, nicotine
consumption during these developmental stages tends to-
ward instability.!” As a result, longitudinal studies with brief
follow-up duration, or with long periods between waves,
may fail to fully capture patterns of use over time. One goal
of the present study was to address this gap by following a
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cohort of emerging adults over 3 years with four waves of
measurement per year.

In addition to questions about stability, the mechanisms
that maintain non-daily smoking are not clear. Daily
smokers are thought to smoke to avoid aversive withdrawal
symptoms.!! Previous studies suggest non-daily smokers can
exhibit symptoms of dependence, though such findings may
be at least partly driven by greater dependence among former
daily, now non-daily smokers.'> However, dependence is un-
likely to fully explain intermittent use, particularly for never-
daily smokers. Identifying factors that maintain cigarette use
and also those that predict transitions to nonsmoking are
key to the design of successful interventions for non-daily
smokers. The development of such interventions should be
a public health priority because non-daily smoking confers a
risk of morbidity and mortality, and because the lower level
of physical dependence in this population should make absti-
nence less challenging to achieve. While research is limited,
initial observational evidence indicates non-daily smokers are
more likely to make quit attempts and modestly more likely
to quit compared with daily smokers.'? To the extent that
such interventions lead to cessation among non-daily smokers
who would have progressed to heavier use, they may also be
particularly impactful in terms of mitigating the effects of
smoking on morbidity and mortality.

One overarching framework for understanding mechanisms
that motivate either maintenance or change in smoking be-
havior is social cognitive theory (SCT).'"* Broadly, SCT
posits a model based on reciprocal interactions among indi-
vidual factors (eg, cognitions), the social environment, and
behavior.’ For non-daily smokers in emerging adulthood,
social and cognitive factors may be particularly powerful
drivers of smoking behavior. Social factors that may main-
tain non-daily smoking among emerging adults include more
frequently associating with smokers, smoking more often
in social situations, and greater exposure to pro-smoking
messages.'*"” Cognitive factors that may reinforce continued
smoking include cigarette expectancies (ie beliefs about
the effects of cigarette use), including stronger beliefs that
smoking will have reinforcing effects or will aid weight loss,
and weaker beliefs that smoking will yield negative long-term
consequences. Other cognitive factors include lower intent to
stop cigarette use, and lower self-efficacy for achieving ab-
stinence (ie, weaker belief in one’s own ability to stop ciga-
rette use).?2?> Although these constructs have been correlated
with smoking status or behavior, a nuanced understanding
of the nature of these relationships is lacking. More specifi-
cally, it is unclear to what extent interindividual variation, or
intraindividual variation over time, may predict changes in
smoking patterns.

Conceptually, the purpose of this study was to evaluate
whether non-daily smoking persists over time and thus may
require intervention, as well as to identify potential inter-
vention targets. Our primary goal was to test the hypoth-
esis that within-subjects changes in social and cognitive
constructs would predict a greater likelihood of stopping
smoking in a sample of emerging adults who were non-daily
cigarette smokers at baseline and were followed quarterly
for 3 years. Specifically, we used Cox regression models to
test the hypothesis that increases in intent to quit smoking,
expectancies for negative consequences from smoking, and
abstinence self-efficacy, and reductions in expectancies for re-
inforcement from smoking, social exposure to other smokers,
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and exposure to pro-smoking messages would prospec-
tively predict a greater likelihood of stopping smoking. For
variables that were associated with a greater likelihood of
stopping smoking, planned post hoc tests were then used to
test whether those who stopped smoking experienced larger
changes in the prior 6 months compared with those who
continued to smoke. Finally, exploratory analyses compared
participants who stopped smoking to those who did not in
terms of the frequency with which they smoked in specific
social and nonsocial contexts.

Methods

Participants

Young adults (7 = 579; 52.5% male) aged 18-24 (at enroll-
ment, M = 19.8, SD = 1.8) were recruited for a longitudinal
study of intermittent cigarette smoking. In terms of race/eth-
nicity, 44.0% identified as white, 21.4% as Latinx, 17.8%
as Asian or Pacific Islander, and 10.4% as members of mul-
tiple racial/ethnic groups. Eligibility criteria included having
smoked cigarettes at least monthly for the past 6 months;
never having smoked daily for 1 month or more, and being a
California resident at enrollment. Assessments were conducted
via a web-based survey implemented via SurveyMonkey (San
Mateo, CA), and regular internet access was required.

Procedures

Candidates were recruited using paid online advertisements,
primarily via boosted Facebook posts. Advertisements were
set to appear to users whose profiles indicated they were
18-24 years old and residing in California. Advertisements in-
dicated recent cigarette use was required, and included a link
to the study website. Candidates who followed the link pro-
vided informed consent and completed an eligibility screen.
Those who were eligible and interested completed the base-
line assessment at that point. Additional assessments were
completed quarterly for the next 3 years, yielding a total of 13
assessment points. At annual assessments (baseline, Y1, Y2,
and Y3) participants completed one-time surveys of recent
smoking and related constructs. Three quarterly assessments
occurred between each pair of annual assessments. At quar-
terly assessments, participants reported cigarette smoking and
related constructs in the past 24 h on each of 9 consecutive
days. All quarterly assessments began on a Saturday and thus
included 5 weekdays and 4 weekend days. All procedures were
approved by the Institutional Review Board at the University
of California, San Diego. Recruitment was conducted on
a rolling basis, with the first participants completing base-
line assessments in March 2015, and the final participants
completing Y3 assessments in September 2020. Participants
were compensated $25 for annual assessments and up to $40
for quarterly assessments.

Measures

Demographic characteristics were measured by self-report at
baseline, including age, sex, race, ethnicity, and student status.
At baseline participants also reported age at the time they had
their first puff of a cigarette. Because of the small cell sizes,
race, and ethnicity were combined and collapsed into a cate-
gorical variable that included white, Asian or Pacific Islander,
Latinx, and multiple or other racial/ethnic backgrounds.
Similarly, student status was reduced to a binary variable
indicating whether participants were full-time students.
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Social cognitive predictors were measured at each assessment.
Cigarette expectancies were assessed using the short form
of the Smoking Consequences Questionnaire,”® a 21-item
measure that yields scores for expectancies for positive re-
inforcement (5 items, scoring range 5-35), negative rein-
forcement (7 items, 7-49), negative consequences (4 items,
4-28), and weight concern (§ items, 5-35). Subscale internal
consistency over time ranged from a = 0.89 to 0.94 for pos-
itive reinforcement, 0.88 to 0.95 for negative reinforcement,
0.87 to 0.93 for negative consequences, and 0.88 to 0.94
for weight concern. Behavioral intent was evaluated by two
items on which participants rated intent to quit cigarettes in
the next month and in the next year, both on a scale from
0 (no intent) to 4 (strong intent). Exposure to models of
cigarette smoking was measured using two items on which
participants estimated the proportion of their friends who
currently smoke cigarettes, and the frequency of exposure to
cigarette advertisements. Finally, self-efficacy for abstaining
from smoking was measured via the Smoking Self-Efficacy
Questionnaire (SEQ-12),2* on which participants reported
their perceived ability to abstain in high-risk situations. For
the SEQ-12, internal consistency over time ranged from
o =0.83 to 0.89 (12 items, scoring range 0—48).

Cigarette and other substance use was measured at each
assessment using the Timeline Follow Back (TLFB).> The
TLFB has good psychometric characteristics, and has been
validated for online use and with non-daily smokers.?® At an-
nual assessments, participants were asked whether they had
used each of cigarettes, e-cigarettes, other nicotine/tobacco
products, alcohol, and marijuana in the past 14 days. Positive
responses triggered additional items evaluating quantity used
(cigarettes, alcohol) or whether any use occurred (e-cigarettes,
other nicotine/tobacco products, marijuana) on each of the
past 14 days. At quarterly assessments, participants re-
ported the number of cigarettes smoked, the number of al-
coholic drinks consumed, and whether or not they had used
e-cigarettes, other nicotine/tobacco products, and marijuana
in the past 24 h on each of 9 consecutive days. Data were
collapsed to create time-varying variables reflecting the fre-
quency of use (in days) of each product at each timepoint (eg,
cigarette days). To account for variability between timepoints
in the number of days assessed, we created assessment days, a
time-varying variable reflecting the number of days on which
use was assessed at each timepoint. At quarterly timepoints
participants were asked how many cigarettes they smoked in
each of several contexts that were not mutually exclusive: in
the morning, in the afternoon, at night, at home, at work,
in the car, while drinking, in social situations, and while with
others who were smoking. These variables were aggregated
within timepoints.

Our primary outcome was consistent abstinence. The
Diagnostic and Statistical Manual (DSM-3) of the American
Psychiatric Association defines early remission from tobacco
use disorder as not having met diagnostic criteria for at
least 3 months.?” Consistent with this definition, we coded
participants as having achieved consistent abstinence if they
reported no cigarettes at two consecutive timepoints (approx-
imately 3 months apart), and continued to report abstinence
for all subsequent timepoints. That is, the two consecutive
timepoints could occur at any point during the study, in-
cluding at the last two study assessments. Participants were
coded as having achieved consistent abstinence at the time of
the second consecutive nonsmoking timepoint. Because this
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was not a cessation study participants did not have a strong
incentive to report abstinence, and we have previously found
that self-reported data were consistent with nicotine levels in
a subsample.?® Thus, we made no assumptions about smoking
at timepoints when participants were missing data.

Analytic Plan

Bivariate tests were used to evaluate whether age, age at the
first cigarette, and student status predicted consistent absti-
nence and should be taken into account in hypothesis tests.
Sex, racial/ethnic background, and frequency of alcohol, ma-
rijuana, and e-cigarette use were included as covariates in
hypothesis tests. To account for the possibility that heavier
smokers were less likely to achieve consistent abstinence, total
cigarettes in the past 14 days at the baseline assessment were
also included.

To test the hypothesis that social cognitive factors predicted
the likelihood of consistent abstinence, we utilized a Cox re-
gression approach that allowed the incorporation of time-
varying predictors.”’ The outcome variable was whether
consistent abstinence was achieved, and if so at what
timepoint. Once a participant was censored (ie, reached con-
sistent abstinence), subsequent observations were not in-
cluded in the model. We utilized the time-varying covariates
(tvc) module in Stata to test the model’s proportional hazards
assumption with respect to hypothesized predictors.’® Our
initial model specified all SCT predictors (positive reinforce-
ment expectancies, negative reinforcement expectancies, nega-
tive consequences expectancies, weight concern expectancies,
intent to quit in the next month, intent to quit in the next
year, proportion of friends who smoke, exposure to cigarette
advertisements, and abstinence self-efficacy) as time-varying
predictors. SCT predictors with p values > .10 were omitted
and the model was refit.

Following hypothesis testing, post hoc analyses evaluated
whether more proximal changes in the variables retained
in the final Cox models predicted consistent abstinence. In
contrast to the Cox models utilizing time-varying predictors
from baseline to the point at which censoring occurred, post
hoc analyses examined change in the 6 months preceding
censoring. For each substance use or SCT variable retained in
the Cox model, we calculated change over the final three as-
sessment periods included in the model. For participants who
reached consistent abstinence, this represented the period
from the last time that cigarette smoking was reported until
consistent abstinence was achieved. For those who continued
smoking, this represented their last three study timepoints.
We conducted logistic regression analyses to evaluate whether
these change scores predicted the likelihood of consistent ab-
stinence. All analyses were conducted in Stata IC 15.2, with
alpha = 0.05.

Results

Preliminary Analyses

Clinical and demographic characteristics of the sample are
summarized in Table 1. All SCT predictors were found to sat-
isfy the proportional hazards assumption. Student status and
age at first cigarette were not associated with the likelihood
of consistent abstinence, and were not included in hypoth-
esis tests. A total of 246 participants (42.5%) transitioned
to consistent abstinence. Typically this occurred during the
latter half of the study: 32 participants reached consistent
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Table 1. Smoking and Other Substance Use at Baseline

Doran et al.

Characteristic M (SD) or % Median Interquartile range
Age at baseline 19.82 (1.80) 20.53 19.17-22.06
Gender (% male) 53.15% — —
Racial/ethnic background (% white) 49.25% — —
Student status (% full-time student) 60.21% — —
Proportion of friends smoking 44.21% — —

Age at first cigarette 17.04 (2.00) 17 16-18

Smoking days in past 2 weeks 5.28 (3.87) 4 2-8

Total cigarettes in past 2 weeks 12.37 (17.67) 7 3-15

Alcohol days in past 2 weeks 4.94 (3.48) 4 2-7
Marijuana days in past 2 weeks 3.79 (4.88) 1 0-7
E-cigarette days in past 2 weeks 1.61 (3.44) 0 0-1

Hookah tobacco days in past 2 weeks 0.90 (2.23) 0 0-1

45%

40%

35%

30%

25%

20%

15%

10%

Proportion reaching consistent abstinence

5%

0%
0 3 6 9 12 15

18 21 24 27 30 33 36

Months After Baseline

Figure 1. Cumulative proportion of the sample achieving consistent abstinence over time.

abstinence during the first year of the study compared with
85 during the second year and 129 during the third year.
The cumulative proportion of participants who had reached
consistent abstinence over time is shown in Figure 1. Of the
participants who continued to smoke, most did so intermit-
tently. Across waves, the proportion of participants who re-
ported daily smoking ranged from 4% to 15%. However,
only 14 (2.4%) participants reported daily smoking in the
final two waves in which they participated. Thus, the re-
maining 319 participants (55.1% of the sample) continued
to smoke intermittently throughout the study. Missing data
increased over time. All participants provided data at base-
line, compared with 91%-97% at the next four waves (ie,
through Y1), 87%-92% at the middle four waves (through
Y2), and 83%-86% at the final four waves (though Y3).
Consistent with recommendations in the literature,®-3 hy-
pothesis tests utilized all available data, without imputing
missing values.

Primary Analyses

In the Cox models (Table 2), we found changes in cer-
tain SCT predictors over time were associated with
shifting from intermittent cigarette smoking to consistent

abstinence. Participants with stronger positive reinforce-
ment expectancies were less likely to report consistent absti-
nence, with each additional 1-point increase in expectancies
predicting 2.4% lower likelihood of consistent abstinence;
put differently, a one standard deviation increase in positive
reinforcement expectancies predicted 19% lower likelihood
of consistent abstinence. Similarly, those who reported a
higher proportion of friends who smoke were less likely
to achieve consistent abstinence, with each 10% increase
in the proportion of smoking friends predicting a 7% de-
cline in the odds of consistent abstinence. Finally, intent to
quit cigarettes in the next month was positively associated
with consistent abstinence, with each 1-point increase in
intent predicting a 24% greater likelihood of consistent
abstinence.

The association between abstinence self-efficacy and con-
sistent abstinence was not statistically significant. There
were few differences between racial/ethnic groups, though
those in the multiple or other racial/ethnic group (10.4%
of the sample) were 38% less likely to reach consistent ab-
stinence compared with white participants. There were no
differences in abstinence rates between men and women.
Those who reported smoking more cigarettes during the
past 2 weeks at baseline were less likely to reach consistent
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Table 2. Cox Regression Model of the Likelihood of Achieving Consistent
Abstinence

Predictor HR 95% CI p value
Female 0.98 0.76 to 1.27 .900
Racial/ethnic identification
White (Reference)
Asian or Pacific Islander 0.89 0.64 to 1.26 532
Latinx 0.81 0.59 to 1.12 1958
Multiple or other 0.62 0.39 to0 0.99 .045

Time-varying predictors

Baseline total cigarettes 0.99 0.98 to 1.00 .024
Assessment days 0.94 0.88 to 1.01 118
E-cigarette days 0.96 0.92 to 1.01 148
Marijuana days 0.96 0.92 to 0.99 .026
Alcohol days 0.92 0.87 t0 0.97 .001
Proportion of friends who smoke 0.99 0.99 to 1.00 .011

0.96 to 0.99 .006
1.14t0 1.35  <.001
1.00 to 1.02 .075

Positive reinforcement expectancies  0.98
Intent to quit in the next month 1.24
Abstinence self-efficacy 1.01

HR, hazard ratio; CI, confidence interval.

abstinence. More frequent use of alcohol and marijuana each
predicted a lower likelihood of attaining abstinence, but
e-cigarette frequency did not. The remaining time-varying
SCT predictors were not associated with consistent absti-
nence and were omitted from the final model: expectancies
for negative reinforcement, negative consequences, and
weight control; intent to quit in the next year; and exposure
to cigarette advertisements.

Post Hoc Analyses

In Table 3 provides descriptive statistics for baseline values
and change over the last three timepoints for each predictor
by abstinence group. Of the SCT predictors, intent to quit
in the next month and abstinence self-efficacy changed the
most, while the proportion of friends who smoke was most
stable. We used logistic regression to evaluate whether change
scores were associated with likelihood of consistent absti-
nence. Model covariates included race/ethnicity, sex, baseline
age, total cigarettes in the past 2 weeks at baseline, assessment
days at the two timepoints used to calculate change scores,
and baseline values of the substance use and SCT predictors.
Results indicated that reductions in positive reinforcement
expectancies (odds ratio [OR] =0.94 [95% confidence in-
terval = 0.92% to 0.96%], p =.013) and increases in intent
to quit (OR =1.30 [1.11 to 1.52], p =.001) were associated
with consistent abstinence. Likelihood of consistent absti-
nence was not related to acute changes in abstinence self-
efficacy or proportion of friends who smoke, or in alcohol,
e-cigarette, or marijuana use.

Our final set of post hoc analyses compared participants
who used cigarettes throughout the study to those who
stopped smoking in terms of the contexts in which they used
cigarettes. For participants who stopped smoking during
the study, only timepoints prior to consistent abstinence
were included. We conducted a series of longitudinal mixed-
effects regression analyses, evaluating whether the number
of cigarettes smoked in each context varied by time, whether
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the participant ultimately stopped smoking, and the interac-
tion between the two. Each model had a single context as the
outcome, and included age, sex, racial/ethnic background,
and total cigarettes at each timepoint as covariates. There
were no interactions between time and stopping smoking,
indicating group differences were consistent over time; in-
teraction terms were not retained. For most contexts, the
groups did not differ, but there were differences in contexts
related to social activity. First, compared to continuing
smokers, participants who later stopped smoking tended
to report smoking more cigarettes while driving (z = 3.83,
p <.001), in the morning (z =4.09, p <.001), and in the af-
ternoon (z=4.17, p <.001). In contrast, participants who
continued smoking reported consuming more cigarettes than
their counterparts at night (z=-3.73, p <.001), in social
situations (z = -3.08, p =.002), while with others who were
smoking (z=-2.10, p =.035), and while drinking alcohol
(z=-3.32, p =.001).

Discussion

The first aim of this study was to assess the stability of non-
daily smoking over 3 years in a sample of young adults.
Consistent with earlier studies,” slightly more than half of
the participants remained non-daily smokers at the end
of the study. Most of the remainder (43% of the sample)
transitioned to nonsmoking, defined as reporting no cigarette
consumption for the last two or more waves of participation
(~6 months or more). Only a small minority (2.4%) shifted to
daily smoking by the time the study ended.

Additional aims included testing the hypothesis that changes
in SCT-based predictors would be associated with the change
in smoking patterns. Cognitively, participants with stronger
expectancies for positive reinforcement from cigarettes were
more likely to continue smoking. Behaviorally, those who re-
ported a higher level of intent to stop smoking in the next
month were more likely to ultimately stop. Socially, having a
higher proportion of friends who smoke cigarettes was asso-
ciated with a lower likelihood of stopping. Additionally, post
hoc analyses suggested that participants who stopped smoking
tended to smoke less in social situations prior to stopping
compared with those who continued smoking throughout
the study. Post hoc analyses also indicated that participants
who stopped reported larger reductions in expectancies for
positive reinforcement from smoking and larger increases
in intent to quit in the 6 months before they stopped. These
models of the period prior to transition suggest that, as SCT
would predict, both cognitive and social factors contributed
to the likelihood of stopping smoking.

Smoking research has long demonstrated an association
between expectancies for both positive and negative rein-
forcement and ongoing cigarette consumption among heavier
users.?-3 Few previous studies have evaluated to what extent
this association holds for light or intermittent smokers. We
found that a shift to nonsmoking was preceded by decrements
in positive reinforcement expectancies but not negative rein-
forcement expectancies. This is consistent with the hypothesis
that intermittent, non-daily smokers tend to smoke in pur-
suit of anticipated positive reinforcement, and with an earlier
finding of increased positive but not negative reinforcement
expectancies following smoking initiation.* Recent evi-
dence suggests that among non-daily smokers attempting to
quit, the temptation to smoke and lapses are each associated
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Table 3. Mean Change in Raw Scores Over the Final Three Assessments for Those Who Did and Did Not Achieve Consistent Abstinence, and Odds
Ratios and Confidence Intervals from Logistic Regression Model Testing Whether Change in Raw Predictor Values Over the Final Three Assessments

Was Associated With Consistent Abstinence

Variable Baseline M (SD) Change scores Logistic model p value
Abstinent Non-abstinent Abstinent Non-abstinent OR 95% CI
Alcohol days 4.67 (3.24) 5.14 (3.63) 0.39 1.82 0.97 0.91 to 1.04 0.382
Vaping days 1.73 (3.90) 1.53 (3.07) 0.19 1.35 0.94 0.88 to 1.00 0.064
Marijuana days 3.47 (4.91) 4.03 (4.85) 0.29 1.60 0.96 0.91 to 1.02 0.206
Intent to quit 1.35 (1.31) 1.26 (1.18) 0.37 0.08 1.30 1.11 to 1.52 0.001
Positive reinforcement expectancies 17.32 (8.18) 17.14 (7.92) -0.49 0.95 0.94 0.92 to 0.96 0.010
Friends who smoke 42.08 (24.53) 45.80 (26.47) 1.23 2.65 0.99 0.99 to 1.00 0.235
Self-efficacy 29.21 (10.11) 28.83 (9.74) 1.82 2.14 1.00 0.98 to0 1.02 0.974

The difference between the predictor score at the final pre-abstinence assessment and the predictor score two timepoints earlier was calculated. Positive
change scores reflect an increase over the final three timepoints, and negative change scores a decrease. Each logistic model adjusted for racial/ethnic
background, sex, age at baseline, total cigarettes in the past 2 weeks at baseline, assessment days at the two timepoints used to calculate change scores, and

the value of the substance use, or SCT variable at baseline.
OR, odds ratio; CI, confidence interval; SCT, social cognitive theory.

with both low positive affect and high negative affect.’” This
indicates that, while non-daily smokers may conceptualize
their smoking primarily as a way to increase positive mood,
the onset of acute distress may trigger smoking.

Previous studies of young adult smokers have indicated
that baseline intent to quit is a prospective predictor of be-
coming a nonsmoker.’® Our results extend this finding by
indicating that acute increases in intent to quit may precede
transitions to nonsmoking. Some studies have suggested that
anti-tobacco messages from a variety of sources, conflict with
friends and family about smoking, and home restrictions on
use are associated with greater intent to quit.**' Among
young adults, greater intent to quit has been associated with
negative perceptions of the tobacco industry* and with more
frequent exercise.’® However, the extent to which most of
these characteristics can modify the intent to quit is uncer-
tain. One exception is anti-tobacco messaging; studies suggest
that anti-tobacco advertisements can increase motivation to
stop smoking.*> Additional research is needed to identify anti-
tobacco content and messages that most effectively increase
intent to quit, as well as to identify other interventions that
may be effective.

We also found that multiple variables related to exposure
to smokers predicted a greater likelihood of transition to
nonsmoking, including having fewer friends who smoke and
smoking less frequently in social situations. This is consistent
with previous work indicating that young adults who smoke
tend to have more friends who also smoke.* Additionally, ex-
posure to smoking by friends and family has been associated
with lower likelihood of cessation in young adult samples.*
This finding suggests the potential benefit of anti-smoking
campaigns. Such campaigns have been shown to reduce the
social acceptability of smoking among peers,* and so could
lead to fewer friends who smoke, increasing the likelihood
of becoming a nonsmoker. Additionally, recent work suggests
that young adult non-daily smokers who identify as social
smokers may tend to maintain smoking to a greater extent
than those who identify as “occasional smokers.”*” Taken to-
gether, these findings suggest that young adults who have so-
cial motives for smoking may be particularly vulnerable to
chronic cigarette use, even if at lower use frequency, and thus
are a key target for intervention.

Notably, the likelihood of stopping smoking was inversely
associated with frequency of alcohol and marijuana use,
consistent with well-documented overlap in the use of these
substances* and with evidence that co-use inhibits smoking
cessation.” This suggests that prevention and intervention
programs that focus solely on tobacco may be less effective,
and that such programs should address the risks associated
with use of other substances. Accordingly, incorporating
tobacco use in interventions addressing alcohol and mari-
juana use may also prove effective. In contrast, e-cigarette
use frequency was unrelated to whether participants stopped
smoking cigarettes. This could mean that e-cigarette use
inhibits cigarette cessation. However, it may more likely re-
flect the fact that young adults are more likely to vape for
appetitive purposes than in an effort to quit cigarettes.’
Studies suggest that vaping may aid cigarette cessation when
cessation is the goal, but does not predict stopping cigarettes
otherwise.’!

Finally, we found that participants who identified as being
from multiple or other racial/ethnic backgrounds were 38%
less likely than white participants to reach consistent absti-
nence. The majority of this group (78%) identified as being
from multiple backgrounds. There is little investigation of
smoking patterns among such individuals in the literature;
however, the proportion of such individuals in the US pop-
ulation is growing rapidly,’> making evaluation of smoking
patterns important. One large study using national survey
data from 1994 to 2008 suggested that the likelihood of
lifetime cigarette use among young adults from multiple
backgrounds was comparable to their white peers, and the
likelihood of regular smoking was somewhat less.*> However,
further investigation is needed, particularly in light of changes
in the tobacco landscape in the past decade. If individuals
from multiple backgrounds are less likely to stop smoking in
young adulthood, as our data suggest, there is a need for ad-
ditional research to address this disparity.

Certain aspects of this study may limit generalizability to
the population of young adults, including that all participants
were California residents at the time of enrollment and were
recruited via social media. We relied on self-report of ciga-
rette consumption which may be subject to underreporting,
though we have previously found good agreement between
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self-report and biological measures of use in a subsample of
90 of these participants.?® Additionally, while smoking be-
havior was assessed in a total of 13 waves across 3 years,
each individual wave consisted of a 9- or 14-day period. As
a result, it is possible that some participants who met the
criteria for consistent abstinence engaged in cigarette use that
occurred between waves and was not captured. However, this
study was designed to have less time between waves than pre-
vious cohort studies to reduce this possibility.

We sought to evaluate the stability of non-daily cigarette
smoking among young adults and to explore predictors of
transitions away from non-daily smoking. A small majority
of participants remained non-daily smokers. Most of the re-
mainder stopped smoking altogether. Consistent with the
predictions of SCT, we found that smoking behavior was asso-
ciated with both social and cognitive factors. Findings suggest
that many young adults who smoke intermittently will stop
on their own, but also that many will not. For the latter group,
there is a need for interventions to assist with cessation. Our
results suggest such interventions should include components
designed to reduce social motives, positive reinforcement
expectancies, and concurrent use of other substances and to
increase intent to quit in the near future. Additional research
is needed to evaluate whether such interventions might be
best designed as anti-smoking campaigns broadly delivered
to young adults or as interventions directly delivered to
individuals who seek cessation assistance.
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