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Abstract

Background: High prevalence of very light cigarette smoking and use of alternative tobacco
products (ATPs; i.e., electronic nicotine delivery systems [ENDS], cigars, and hookah) among
young adult college students are causes for concern. The purpose of this study is to examine
transitions in cigarette smoking (never vs. non-current vs. very light vs. heavier) among college
students across 2.5 years and determine if use of ATPs is related to these transitions.

Methods: This study used six waves of data across 2.5 years from Project M-PACT. Participants
who were 18-25 years of age at baseline were included in this study (n = 4,806). Cigarette
smoking state was categorized as never smoking, hon-current smoking [0 cigarettes smoked per
day (cpd) in past month], very light smoking (<=5 cpd in past month), and heavier smoking (> 5
in past month). Multi-state Markov models were used to examine temporal transitions in the four
smoking states and examine the association of time-varying current ATP use with transitions in
smoking states.

Results: The probabilities of remaining in a smoking state decreased over time. The time-varying
current ATP use was significantly related to increased odds of transitioning from never smoking

to non-current smoking, from never smoking to very light smoking, and from non-current to very
light smoking.

Conclusions: Findings highlight the need to prevent ATP use among college students and in

Introduction

Tobacco use during young adulthood is dynamic and can fluctuate in both frequency and
intensity of use (Hair et al., 2017; Henwood et al., 2018). Although most young adults do
not smoke cigarettes, they may transition into different smoking states over time (Caldeira
etal., 2012; Kasza et al., 2018; Robertson et al., 2016), such as from never smoking to
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very light smoking (initiation), or very light smoking to heavy smoking (escalation), or very
light smoking to former smoking (desisting or quitting). However, limited studies examine
transitions in cigarette smoking and evidence regarding the probability of transitions

during young adulthood is mixed. For example, some longitudinal studies have shown

that low stable cigarette consumption is the most common smoking trajectory during

young adulthood, and a substantial percentage of light and intermittent smokers maintain

a low smoking level across a couple of years (Caldeira et al., 2012; Klein et al., 2013).

Other studies indicate that only a very small portion of young adult smokers maintain

stable low cigarette consumption patterns over time (Hukkinen et al., 2009; White et al.,
2009). Moreover, the prevalence of non-cigarette alternative tobacco product (ATP) use is
particularly high among young adults (Cornelius et al., 2022), particularly college students,
but the role of ATP use on transitions of cigarette smoking during young adulthood and the
college years is underexplored. This study aimed to extend existing research by investigating
transitions in cigarette smoking across a 2.5-year period among young adult college students
and determining the role of ATP use in these transitions.

Young adulthood is associated with an increased risk of using multiple tobacco products,
which is more prevalent during this developmental period than single product use (Loukas
et al., 2016). Use of ATPs, such as electronic nicotine delivery systems [ENDS], cigars,
hookah, and smokeless tobacco, are appealing to young adults and college students, in part
because some of these products are marketed as safer alternatives to cigarettes (Pokhrel et
al., 2015). However, young adult tobacco users tend to use ATPs to socialize with others,
enjoy their flavors, or soothe negative emotions rather than to quit or reduce cigarette
smoking (Doran & Brikmanis, 2016; Kostygina et al., 2016). Evidence indicates that the
use of ATPs, especially use of multiple products increases nicotine intake and the risk of
nicotine dependence, which may contribute to cigarette smoking several years into the future
(Martinez et al., 2020; Niaura et al., 2020; Richardson et al., 2014). Although prior research
indicates that individual ATP use is independently associated with elevated risk for future
cigarette initiation, current smoking, or progression to heavier smoking (Delnevo et al.,
2016; Glasser et al., 2019; Loukas et al., 2022; Soneji et al., 2015; Wolfson et al., 2015),
there is limited research on the role of multiple product use on college students’ longitudinal
transitions in cigarette smoking, such as from initial experimentation with cigarettes to very
light smoking, to the development of heavier smoking, and/or to cessation.

Young adulthood is a critical developmental period for establishing smoking behavior.
Recent data indicate that young adults have a significantly higher risk for cigarette onset
than any other age group (Perry et al., 2018). Data from the National Survey of Drug

Use and Health also show that among cigarette smokers those who initiated any cigarette
smoking or became regular smokers during young adulthood increased substantially from
2002 to 2018 (Barrington-Trimis et al., 2020). Moreover, although the rates of cigarette
initiation declined from 2009 to 2015 for some young adults (Cantrell et al., 2018), the
prevalence of non-daily smoking and daily light smoking from 2005 to 2015 has increased
(Jamal et al., 2016). Very light smoking, defined as ho more than 5 cigarettes per day (cpd)
in the past 30 days, is the predominant form of tobacco use among young adult smokers,
particularly college students (L.i et al., 2018).
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Although college students are less likely to smoke heavily than their non-college-attending
peers, they are more likely to maintain light or intermittent smoking patterns over time
(Klein et al., 2013; White et al., 2009). For example, Caldeira et al. (2012) found that
although most college student participants (n = 1,253) were stable non-smokers over a
4-year period, about 20% either maintained very light smoking or increased their smoking
frequency, and only 3.2% decreased their smoking frequency during the college years.
These findings are troubling given that smoking, even at very light levels, is associated with
nicotine dependence and adverse health outcomes such as cardiovascular and pulmonary
diseases and internalizing problems (i.e., depression and anxiety) (Bjartveit & Tverdal,
2005; Selya et al., 2016). Very light smoking has also been associated with increased risk
for use of ATPs (Li et al., 2018). Yet, we know relatively little about the role of ATP use

in longitudinal transitions into and out of very light smoking in the contemporary tobacco
landscape.

The purpose of the present study was to examine longitudinal transitions in cigarette
smoking among college students across a 2.5-year period and determine the role of current
ATP use in these transitions. We used Multistate Markov modelling to assess transitions in
four states: never smoking (have never used cigarettes even one or two puffs), non-current/
past 30-day smoking (have used cigarettes but not used in the past 30 days), very light
smoking (<5 cpd in the past 30 days), and heavier smoking (> 5 cpd), and to assess the
effect of ATP use on seven transitions (see Figure 1). We addressed two research questions:
1) How do smoking states change across a 2.5-year period? 2) How does ATP use influence
transitions in smoking states? We expected that most college students would be stable non-
smokers (including never smokers and non-current smokers), but there would be transitions
among smoking states, such as from non-current smoking to very light smoking and vice
versa. Moreover, we expected that ATP use would elevate the risk for transitioning from
non-smoking to smoking (either very light or heavier smoking) and decrease the probability
of desisting or quitting smoking.

Methods

Participants

Participants (n = 4,806) were 18-25 year old college students participating in the first six
semi-annual waves of the Marketing and Promotions Across Colleges in Texas project
(Project M-PACT), a rapid response, web-based project assessing tobacco use behaviors
(Loukas et al., 2016). The average age of the participants was 20.1 years (SD = 1.83),

with 62.1% between 18 and 20 years of age when recruited. More than half (64%) the
participants were female; and 35.2% were non-Hispanic white, 31.1% were Hispanic/Latino,
8.0% were African-American/Black, 18.0% were Asian, and 7.6% reported another race/
ethnicity or two or more races/ethnicities. Most (93.3%) of the participants were enrolled in
a four-year college at recruitment compared with a two-year college.

Procedures

We recruited participants from 24 colleges in the five counties surrounding four target
cities in Texas (Austin, Dallas/Fort Worth, Houston, and San Antonio). Eligible participants
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were required to be 18-29 years of age and full- or part-time degree- or certificate-seeking
undergraduate students attending a participating four-year college or a vocational/technical
program at a two-year college. Of the 13,714 eligible students, 5,482 (40%) provided
consent and completed the baseline (Wave 1) survey between Nov 2014 and Feb 2015.

We collected five additional waves every six months until spring 2017 (Wave 6). At each
wave, we compensated participants with an e-gift card (raised from $10 at Wave 1-2

to $20 at Wave 3-6) and entered them into a drawing to win one of twenty $50 e-gift
cards. Retention rates across the five follow-up waves ranged from 78% (Wave 5) to 81%
(Wave 4). Additional procedural details and inclusion criteria of Project M-PACT have been
reported elsewhere (Authors, 2016). The university leading the project provided human
subjects approval for the study protocol and all participants provided consent.

For the purposes of this study, we only included students who were 18-25 years of age at
baseline because this age range is typically considered to capture young adulthood (Elders
et al., 1994) and because transitions in smoking and initiation are unlikely to occur after

the age of 26 (Hair et al., 2017). In addition, the analysis only included students who
provided valid answers to the smoking state questions at baseline and at least one follow-up
survey. These criteria resulted in a sample of 4,806 participants. We conducted separate
logistic regression analyses to assess if participants included in the present study differed
from those excluded (n = 676) on the socio-demographic covariates (sex, age group, college
type, and race/ethnicity) and on Wave 1 current tobacco use. The 676 excluded participants
were significantly more likely to be non-Hispanic White (Odds Ratio [OR] = 1.50, 95%
confidence interval [CI]: 1.26 — 1.74) and to be attending a 2-year college (OR = 2.31, 95%
Cl: 1.80 — 2.94). Moreover, excluded participants had higher odds of being tobacco users
than those who were included in analyses (Odds Ratio = 1.95, 95% CI: 1.66 - 2.30).

Smoking States—We used three questions to assess smoking states. One question
assessed lifetime/ever cigarette smoking. Two other questions, one regarding frequency of
cigarette use and the other regarding cigarette quantity per day in the past 30 days, assessed
current smoking: a) “on how many of the past 30 days did you smoke cigarettes?” and b)
“on the days you smoked, how many cigarettes did you usually smoke each day?”. Based
on prior research (Husten, 2009; Pierce et al., 2009), the total monthly number of cigarettes
smoked was obtained by multiplying current frequency and current quantity; the average
cpd was computed as total monthly cigarettes divided by 30. We created four categories of
smoking states using responses from the three previous questions (ever use, frequency of
use, quantity of use): 1 = never smoking (have never used cigarettes even one or two puffs),
2 = non-current smoking (ever used cigarettes, but smoked 0 cpd in the past 30 days), 3 =
very light smoking (< 5 cpd in the past 30 days) and 4 = heavier smoking (> 5 cpd in the
past 30 days).

Current Alternative Tobacco Products (ATP) Use—Current (past 30-day) use of
ATPs, including ENDS, cigars, hookah and smokeless tobacco, was assessed with one item
for each product, adapted from the Youth Tobacco Survey (Starr et al., 2005) and the
Population Assessment of Tobacco and Health (PATH) Survey (National Institutes of Health,
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2015). The current ENDS use question asked: “During the past 30 days, have you used

any ENDS product...?” For all other products (i.e., cigar products, hookah, and smokeless
tobacco), the question asked: “During the past 30 days, how many did you use/smoke
[product]”? Students who responded 1 or more days to any of these items were considered
as current ATP users. The time-varying current ATP use (0 = did not use any ATP in the past
30 days at Wave 1, 1 = used at least one ATP in the past 30 days at Wave 1) was the main
exposure variable.

Socio-demographic Covariates—Sex, age group, race/ethnicity and college type (two-
year or four-year), all assessed at Wave 1, were included as covariates in the model fitting
process. Age was analyzed as two groups, younger (18-20 years) versus older (21-25 years)
and race/ethnicity, a dichotomous variable, was created to indicate whether a participant
was non-Hispanic White or a racial/ethnic minority. The reference groups were being male,
older, ethnic minority and two-year college student.

Data Analysis—Transitions into and out of the four smoking states (never smoking,
non-current smoking, very light smoking, and heavier smoking) over the 2.5-year period
and the role of ATP use in these transitions was assessed with Multi-state Markov models.
Markov models represent a process in which individuals move through a series of states

in continuous time (Kaplan, 2008). The model assumes that the measure of a categorical
variable is reliable and that all parameters can be obtained directly from manifest categorical
responses, and it allows transitions to occur at any time along observed time intervals
(Kaplan, 2008; Mhoon et al., 2010). The model uses all valid data from participants with
two or more observations to estimate the transition intensity matrix, which defines the
possible transitions between states. Effect of time-varying current ATP use was examined on
six transitions (see Figure 1): a) from never smoking to non-current smoking; b) from never
smoking to very light smoking; ¢) from non-current smoking to very light smoking; d) from
very light smoking to non-current smoking; e) from very light smoking to heavier smoking;
and f) from heavier smoking to very light smoking. Transitions from any smoking state
back to never smoking were not allowed, because once someone uses cigarettes, there is no
way to transition back to never use. The direct transitions from never smoking to heavier
smoking; from non-current smoking to heavier smoking; and from heavier smoking to
non-current smoking were not examined because changes of these two types were extremely
rare (< 1% of all transitions) and resulted in inestimable parameter estimates in models that
included covariates (Jackson, 2011, 2018).

We used R 3.3 with package msm (Jackson, 2011, 2018) to conduct all analyses and the
optimal model was determined with log-likelihood ratio goodness-of-fit tests. A model
without covariates was first fit to the data, followed by separate models examining the
effect of ATP use at Wave 1 with one socio-demographic covariates entered at a time (sex,
age group, race/ethnicity, college type) (Mhoon et al., 2010). Transition probabilities were
estimated to show the probability that a specified state of interest was in the same or a
different state at a defined timepoint. In this study, the defined time had 6-month increments
(i.e., 0.5-year, 1 year, 1.5, 2, and 2.5 years).
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At baseline, 54.2% of the 4,806 participants were in the never smoking state, 26.4% were in
the non-current smoking state, 17.7% were in the very light smoking state, and 1.7% were
in the heavier smoking state. More than 94% of very light smokers are non-daily smokers
Moreover, 28.7% of participants were current ATP users at baseline, 17.2% were current
ENDS users, 16.7% were current hookah users, 9.7% were current cigar users, and 3.0%
were current smokeless tobacco users. The prevalence of ATP use was 10.8% among never
smokers, 36.5% among non-current smokers, 67.8% among very light smokers and 71.3%
among heaver smokers, at baseline. Participants were more likely to use ATPs if they were
in a heavier smoking state (OR = 3.93, 95% CI =[3.60, 4.30]), i.e., the odds of use ATP
increased by 3.93 for each progression to a new state.

We first examined the transition probabilities of smoking states across a 2.5-year period
using a Multi-state Markov model without covariates. As shown in Table 1 and Figure

1, the probabilities of remaining in one of the four smoking states decreased over time.
However, never smoking and non-current smoking patterns were fairly stable. Across any
6-month period, the probability of remaining in the never smoking state was 96.4%, and the
probability of remaining in the non-current smoking state was 87.3%. Even over the 2.5-year
interval, the probability of remaining in the same state was 83.4% for the never smoking
state and about 72.9% for the non-current smoking state. The probabilities of remaining in
a smoking state decreased more for heavier smoking than for very light smoking. Across a
6-month interval, the probability of maintaining a very light smoking state was 64.9% and
a heavier smoking state was 73.3%, but the probabilities of maintaining in the same state
decreased to 29.7% for very light smoking, and 23.2% for heavier smoking, respectively,
within a 2.5-year period.

The probabilities of switching between smoking states increased across time, but these
transitions reflected both increasing and decreasing cigarette use (see Table 1). The
probabilities of transitioning out of the never smoking state and heavier smoking to
noncurrent smoking tended to increase across time (see Table 1). However, the increasing
rate of transitions into and out of very light smoking diminished over time. For example, the
probability of transitioning from non-current smoking to very light smoking increased from
12.5% across a 6-month interval to about 22.5% across a 1.5-year interval, then to 25.3%

at the end of the 2.5-year interval. The probability of transitioning from heavier smoking

to very light smoking increased from 21.5% across a 6-month interval to 30.4% across a
1-year interval, and then the probability of this transition remained near 30% over a period
longer than 1 year. In addition, the probability of transitioning from very light smoking to
noncurrent smoking increased markedly from 32.9% across a 6-month interval to 59.3%
across a 1.5-year interval, then increased to 72.9% at the end of the 2.5-year interval.
Compared with other transitions, the probability of transitioning from very light smoking to
heavier smoking was relatively low (2% across 6 months and 3% over a longer period).

Next, we assessed model fit with each socio-demographic and time-varying current ATP
use covariate in successive Markov models. The log-likelihood ratio goodness-of-fit tests
revealed that the model including sex and current ATP use as covariates fit the data better
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than models with an individual covariate or with an alternative combination of covariates
(0 <0.01) (see Supplementary Table 1). Results from the model with ATP use and sex

(see Table 2) indicated that current ATP use associated with increased odds of making

a transition from never smoking to non-current smoking, from never smoking to very

light smoking, and from non-current smoking to very light smoking. ATP use was not
associated with transitioning between very light smoking and heavier smoking and the

odds of transitioning from very light smoking to non-current smoking. The examination of
sex in the model indicated that most transitions between smoking states did not differ for
males and females. However, compared to males, females were less likely to transition from
non-current smoking to very light smoking (HR = 0.78, 95% CI: 0.67 — 0.90).

Discussion

The present study examined transitions in cigarette smoking and the association between
ATP and these transitions in a sample of young adult college students. Consistent with prior
research (Caldeira et al., 2012; Hair et al., 2017), most participants were never smokers at
baseline, and never smoking was highly stable across time. However, among current/past
30-day cigarette users, very light smoking was more common than heavier smoking. Further
findings indicated that although very light smoking was less stable than never smoking and
non-current smoking among young adults, the probability of maintaining very light smoking
after 2.5 years was slightly higher than maintaining heavier smoking. Moreover, findings
confirmed that although transitions out of very light smoking after one year were prevalent,
some college students maintained very light cigarette smoking over the 2.5-year period,

and there were substantial transitions into very light smoking from non-current smoking

and from heavier smoking. Finally, findings showed that ATP use increased the odds of
transitioning from never and non-current smoking to very light smoking but did not impede
transitioning from very light smoking to non-current smoking. Taken together, these findings
indicate that smoking is dynamic during young adulthood and underscore the need for
prevention and intervention efforts targeting college students focused on all types of tobacco
products. Further, given that very light smoking is associated with adverse health outcomes,
efforts should focus on preventing ATP use among young adults, which may reduce the risk
of very light smoking.

Our findings indicate that although tobacco control efforts may have been successful in
reducing the overall prevalence of cigarette smoking among young adults (Cantrell et al.,
2018), they may not have been as effective in reducing smoking initiation and very light
smoking behavior among young adults (Villanti et al., 2019). Consistent with expectations,
we found that the probability of transitioning out of never smoking, to non-current smoking
or to very light smoking, over the 2.5-year period was substantial. This finding corroborates
research showing that many people start smoking during young adulthood (Barrington-
Trimis et al., 2020). In fact, recent evidence indicates that the onset of cigarette smoking
may now be even more common among young adults than adolescents and interventions

to prevent cigarette initiation during young adulthood are needed (Barrington-Trimis et al.,
2020; Perry et al., 2018).
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We also found that very light smoking was more common among our participants than
heavier smoking and there were relatively few transitions from very light to heavier
smoking. These findings confirmed that very light smoking is a predominant pattern,
particularly among young adults (Pierce et al., 2009; Substance Abuse Mental Health
Services Administration, 2012). Although there are misperceptions regarding the health
effects associated with this pattern of smoking (Amrock & Weitzman, 2015), evidence
indicates that very light smoking increases the risk for nicotine exposure, nicotine
dependence, and adverse health outcomes (Bjartveit & Tverdal, 2005; Selya et al., 2016).
Given that very light smoking may lead to heavier smoking as young adults transition into
adulthood (Robertson et al., 2016; White et al., 2009), tobacco control efforts that assist
young adults in transitioning from very light smoking to non-current smoking are needed.

Further findings indicated that the probability of remaining in one of the four states
decreased over time and the probabilities of transitioning between states increased across
time. These findings underscored the dynamic nature of cigarette smoking during young
adulthood. As expected and consistent with prior research (Caldeira et al., 2012; Hair et al.,
2017), although smoking patterns remained stable across time, the probabilities of remaining
in a smoking state decreased across time, with the decrease more pronounced for heavier
smoking than for very light smoking.

Despite the dynamic nature of smoking during young adulthood, there is also evidence
for solidification of certain smoking patterns. For example, our findings indicated that as
time passed, the increasing rate of transitioning out of very light smoking diminished.
These findings are consistent with research showing that although young adults transition
across different smoking states, they tend to establish stable smoking patterns by the end
of young adulthood (Hair et al., 2017; Rath et al., 2012). Hence tobacco prevention and
intervention efforts need to be conducted earlier rather than later in young adulthood to
prevent solidification, particularly of very light smoking.

Other findings indicated that ATP use elevated risk for cigarette initiation (from never
smoking to non-current smoking or to very light smoking) and escalation (from non-current
smoking to very light smoking) (Barrington-Trimis et al., 2016; Doran et al., 2015;
Primack et al., 2018; Primack et al., 2015; Soneji et al., 2017; Soneji et al., 2015). These
findings corroborate research showing that use of ATPs may elevate risk for concurrent and
subsequent use of traditional cigarettes (Delnevo et al., 2016; Meier et al., 2015; Sutfin

et al., 2012). Some ATPs, such as ENDS and hookah, have gained popularity rapidly
among young adults in recent years (Gilreath et al., 2016; Schulenberg et al., 2020). Many
young adults, especially very light smokers, use ATPs for coping, to improve affect, or

for socialization purposes (Doran & Brikmanis, 2016), instead of use for cutting down on
or quitting cigarettes (Doran & Brikmanis, 2016). Together, these strategies contribute to
increased risk for nicotine dependence and the progression of cigarette smoking several
years into the future (Doran et al., 2015). Consistent with previous studies, our results also
showed that sex was not related to transitions in smoking states (Verplaetse et al., 2019; Yi
etal., 2017), except that female young adults were less likely to transition from non-current
smoking to very light smoking after controlling for ATP use.

Subst Use Misuse. Author manuscript; available in PMC 2024 January 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lietal.

Page 9

The present study has some limitations. First, although we used current conventions for
categorizing current smokers, heavier smoking (using more than 5 cigarettes per day) is
very rare among young adults and was also rare in our sample. Only 1.7% of students were
heavier smokers at the start of the study and there were relatively few transitions from very
light to heavier smoking. Second, we examined these transitions in smoking with a 6-month
interval across a 2.5-year period, which covered only part of young adulthood. While the
interval between waves is shorter than many longitudinal surveys, it may well miss some

of the change that is occurring. To fully depict the dynamics of smoking patterns across
young adulthood, it may be important to track transitions into and out of smoking states in
a shorter interval across a longer period. Third, our survey measured self-reported smoking
behavior the month prior to each study wave (i.e., one sixth of months between waves). It

is possible that important variance in use was not captured by survey data and our model.
For example, we did not account for the potential effects of systematic variations in college
student schedules (such as weekends and holiday breaks). Furthermore, the study sample
consisted of college/university students from Texas, thus findings may not be representative
of other populations of young adults. Last, data used in this study were largely collected
before JUUL and comparable devices entered the market, which could have mitigated the
likelihood of ENDS in particular motivating transitions from never to active smoking states.
Additional research with other samples is needed to replicate study findings.

The current study extends existing research by showing that cigarette smoking is dynamic
during young adulthood and by demonstrating that ATP use elevates risk for transitioning
into very light smoking and impedes desistance or quitting very light smoking. The dynamic
nature of smoking provides opportunities for intervention efforts. In particular, there is a
need to prevent the initiation of very light smoking among young adult college students

and to intervene to reduce use. Interventions should target all types of tobacco products but
should underscore the role of ATP use in initiating and maintaining cigarette use, even at
very light levels.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Structure of allowed transitions for the multi-state Markov model.
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Figure 2.
Transition probabilities across two and half years (with a six-month interval).

Note. Each panel represents a different starting smoking state, and the series represent the
probability of being in each of the four smoking states at a certain time conditioned on that
starting smoking state.
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Hazard ratios [95% CI] depicting the effect of time-varying alternative tobacco product (ATP) use on overall

transition intensities.

End State
Start State Non-current Very Light Heavier
Never 4.80[3.46-6.66]  5.15[3.34-7.94] -
Non-current - 2.37[2.05-2.75] B
Very Light  1.01 [0.89-1.16] - 1.20 [0.77-1.87]
Heavier - 1.10[0.72-1.70] -
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