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Abstract

Introduction: We assessed patterns and correlates, including demographic characteristics,
psychological factors, and social role transitions, of young adults’ tobacco use over time.

Methods: In the fall of 2010, we recruited a cohort of 3,146 students from 11 colleges in North
Carolina and Virginia. Participants completed baseline and at least two survey waves between
2010 and 2019.

Results: The sample was 49.8% female, 15.7% non-white, and 6.6% Hispanic. Longitudinal
latent class analysis revealed a five-class model with distinct patterns and correlates of tobacco
use. Limited Use (52.6% of sample) had minimal use. College-Limited Combustible Tobacco
Users (16.8%) had moderate probability of cigarette, cigar, and waterpipe smoking, which
decreased to no use post-college. Experimental Users (10.9%) had low probability of use

that continued post-college. College Polytobacco with Continued Cigarette and E-Cigarette

Users (14.0%) had high probability of use of cigarette smoking and increasing probability of e-
cigarette, both of which continued post-college. Sustained Polytobacco Users (5.7%) had moderate
probability of use of tobacco products across all waves.

Conclusions: Patterns of tobacco use varied considerably. In most classes, tobacco use was
highest during freshman year and in three classes, use continued post-college. Prevention activities
should focus on first-year students and target those at risk for post-college tobacco use.
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1. Introduction

Emerging adulthood, spanning the ages of 18 through 25, is a distinct developmental period
marked by social role transitions (Institute of Medicine & National Research Council,
2015). Many individual-level changes during emerging adulthood stem from social role
transitions, which occur in educational, occupational, social, and family domains, such

as graduating from college, starting employment, moving into a new home, or getting
married (Tanner & Arnett, 2013). These transitions are thought to influence trajectories

of the substance use, including tobacco (Bachman et al., 2002; Schulenberg, Bryant, &
O’Malley, 2004; Schulenberg & Maggs, 2002). Emerging adulthood is a period of tobacco
use experimentation and transition to regular use and dependence (Barrington-Trimis et al.,
2020; Richardson, Williams, Rath, Villanti, & Vallone, 2014).

Nearly two thirds of individuals who graduated from high school in 2019 enrolled in
college by the following fall, making institutions of higher education a popular destination
for emerging adults (United States Bureau of Labor Statistics, 2021). The transition from
high school to college can be a stressful experience for some, marked with new freedoms,
added responsibilities, and a new living environment (Sussman & Arnett, 2014). Arria

and colleagues found that the college environment is at least as risky as the non-college
environment for substance use and does not provide a protective benefit for young adults.

In their prospective study of over 1,200 college students, they found that by sophomore
year, almost all students had the opportunity to try alcohol, and between 80-90% had the
opportunity to try tobacco and marijuana (Arria et al., 2008), which is consistent with
estimates from the general population (Schulenberg et al., 2019). In fact, the tobacco
industry recognizes the transition to college as particularly stressful, and has targeted
college campuses to encourage new smokers, solidify existing patterns of tobacco use (Ling
& Glantz, 2002) and introduce new products (Katz & Lavack, 2002; Klein, 2007; Lee,
Goldstein, Klein, Ranney, & Carver, 2012; Wagoner et al., 2014). In a review of industry
documents, Ling and Glantz concluded that the tobacco industry believes the transition from
first cigarette to established smoker progresses until age 25 (Ling & Glantz, 2002) making
young adults an essential population from which to attract new users.

College students may also be the target for non-cigarette tobacco products, including
waterpipe tobacco, e-cigarettes, and cigar products. Research suggests that conventional
and novel tobacco products are frequently sold near college campuses (Barker, Schleicher,
Ababseh, Johnson, & Henriksen, 2018; Dai & Hao, 2017). Our research shows that
waterpipe café, vape shop, and traditional retailer (e.g., convenience stores, grocery stores)
density were higher in areas with a higher percentage of people who were college-educated
or college-enrolled (King et al., 2020). Moreover, recent data indicate that young adults
have higher rates of use of non-cigarette tobacco products than adolescents and older adults
(Wang et al., 2018) and for some types of tobacco, such as waterpipe, college students have
higher rates of use than their non-college peers (Sidani, Shensa, Yabes, Fertman, & Primack,
2019). With the proliferation of novel tobacco products, understanding patterns of use is
important for intervention and prevention efforts during emerging adulthood.
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Given the developmental and social role transitions that occur during emerging adulthood
andthe rapidly expanding marketplace, examining tobacco product use over time calls for a
dynamic analytic approach. Longitudinal latent class analysis (LLCA), which creates classes
of individuals with similar patterns of responses over time, is ideal for exploring patterns

of tobacco use over time (Collins & Lanza, 2010). Studies using this or a similar approach
to identify distinct classes of adolescents, young adults, and adults typically find a non-user
or low use group (representing the largest proportion of the sample), one or more poly-user
groups, and an experimenter group (Clendennen, Loukas, Creamer, Pasch, & Perry, 2019;
Huh & Leventhal, 2016; Kypriotakis, Robinson, Green, & Cinciripini, 2018). Few studies
have assessed patterns of use of multiple tobacco products specifically among young adults
and those that have been conducted have relied on short time periods ranging from 1.5 to
2.5 years and were limited in the inclusion of important correlates. We sought to understand
how young adults’ tobacco product use change over a 10-year period, and whether distinct
patterns are associated with demographic characteristics, psychological factors, and social
role transitions. Additionally, we examined the impact of social role transitions on patterns
of use during the post-college period. Findings can be used to identify critical times within
distinct tobacco use patterns that are ripe for intervention.

2. Methods

2.1 Participants

The data are from the Assessment of the College Experience (ACE) Study. \We recruited
participants from 11 colleges in North Carolina (n=7) and Virginia (n=4). Details about
school recruitment can be found elsewhere (Spangler et al., 2014; Wolfson et al., 2014).

To identify potential participants, we conducted a screener survey in fall 2010 among all
enrolled first-year students (Spangler et al., 2014). The purpose of the screener survey was
to identify students who used smokeless tobacco or cigarettes to participate in a longitudinal
study to assess trajectories and correlates of smokeless tobacco use. All first year students at
each of the participating 11 colleges were sent emails with information about the study and
a link to participate in the 10-item screener survey. A total of 10,528 freshmen completed
the screener survey (response rate of 35.6%). From this sample, we invited students to
participate in the longitudinal study. We selected all ever users of smokeless tobacco and
current cigarette smokers to participate in the cohort study; all other students were randomly
sampled with oversampling of males. Two weeks after the screener, 4,902 eligible students
were invited to participate in the longitudinal study, of which 3,146 (64.2%) completed the
baseline fall 2010 survey (Wave 1). Participants were then re-surveyed twice a year from
fall 2010 through spring 2012 and then annually through fall 2014. Through wave 6, we
retained approximately 80% of the cohort. Wave 7 (fall 2014) was the first post-college
wave for most participants (73.3% who completed Wave 7 had graduated from college).
Renewal funding was received prior to Wave 8 (fall 2016), and is known as the Assessment
of post-College Experience (ACE 11) Study. \We re-engaged 62% of the cohort and retained
approximately 60% through Wave 14 (fall 2019). See Figure 1 for sample sizes and retention
rates at each survey wave. For this study, we included participants who completed the
baseline assessment, at least one additional college wave, at least one post-college wave, and
reported past month tobacco use in at least one wave. Participants that did not have at least
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one college follow-up assessment and post-college assessment were significantly more likely
to be male, white, have college-educated mothers, and be binge drinkers, marijuana users,
and illicit drug and tobacco users at college entry (p’s < 0.05).

Participants were emailed a secure survey link at each wave. Non-responders received up
to five email reminders, a phone call, and a text reminder. Participants were provided
with an incentive for completing each wave, incentive amounts varied across waves but
were between $10 and $40. The study protocol was approved by the Wake Forest School
of Medicine Institutional Review Board. Additional privacy protection was secured by
the issuance of a Certificate of Confidentiality by the Department of Health and Human
Services.

2.2 Measures

Sample Characteristics.—Characteristics measured at Wave 1 included sex, race (coded
as White vs. Non-White), ethnicity (coded as Hispanic vs. non-Hispanic), mother’s
educational level (as a marker of socioeconomic status; measured as some college education
or less vs. college degree or higher), and attendance at religious services (coded as going

to church two or more times per month vs. less often or no attendance). Membership in
Greek-letter organizations was assessed at Wave 2.

Tobacco Use.—We assessed past 30-day tobacco use of the following products at each
wave: combustible cigarettes; traditional cigars, cigarillos or little cigars (categorized as
cigars); e-cigarettes; waterpipe (hookah); and chewing tobacco, moist or dry snuff, snus,
dissolvables (categorized as smokeless tobacco). Product descriptions and images were
provided for each product, and respondents were instructed to only report use of tobacco, not
other substances (e.g., marijuana).

Cigarette Smoking by Friends and Family.—At Wave 1, participants were asked:
“How many of your four closes friends smoke cigarettes?” and “Not including yourself,
does anyone in your family currently smoke cigarettes?”

Other Substance Use.—At Wave 1, we assessed past month marijuana use and

other illicit drugs, including cocaine, methamphetamines, hallucinogens, rohypnol, ecstasy,
heroin, opioids, salvia, and K2. We assessed past month binge drinking (4 or more drinks in
a row for females and five or more drinks in a row for males).

Sensation Seeking.—Sensation seeking was measured at Wave 1 using an eight-item
scale (e.qg., “/ would like to explore new places and prefer friends who are exciting and
unpredictable) with a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree)
(Hoyle, Stephenson, Palmgreen, Lorch, & Donohew, 2002). Total sensation seeking scores
were calculated from the average of all items for participants who answered a minimum of
five questions on the scale. Higher scores indicate higher levels of sensation seeking, a=
0.78.

Depression.—We measured depressive symptoms with 11 items added at Wave 2
(Carpenter et al., 1998; Kohout, Berkman, Evans, & Cornoni-Huntley, 1993). Participants

Drug Alcohol Depend. Author manuscript; available in PMC 2023 July 01.
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were asked to indicate how often they felt each way during the past week with response
options rarely or none of the time (< 1 day), some or a little of the time (1-2 days),
occasionally or a moderate amount of the time (3—4 days), and most or all of the time

(5-7 days). We summed responses and reverse coded as appropriate. Higher scores represent
greater depression, a= 0.83.

Stress.—Cohen’s 10-item Perceived Stress Scale was used to assess past 30-day stress
added at Wave 2 (Cohen, Kamarck, & Mermelstein, 1983). On a five-point response
scale ranging from never to very often. We reverse coded where appropriate and summed
responses, with higher scores indicating greater perceived stress, a 0.84.

Life Events.—To assess social role transitions, we used 23 items adapted from Allem

and colleagues (2013) (e.g., got married, got engaged, lost a job, got extremely ill) (Allem,
Lisha, Soto, Baezconde-Garbanati, & Unger, 2013). These items were assessed at each wave
from Waves 8-14. Participants indicated whether they had experienced each life event in

the past 6 months. For Wave 8, when these items were first added, we assessed whether
participants experienced each life event over the past 2 years (time between Wave 7 and
Wave 8). Related life events (e.g., got married, moved in with someone, got engaged)

were combined based on preliminary analyses which found similar relationships to tobacco
trajectory group membership.

Statistical Analyses.—We conducted a LLCA on five tobacco use behavior (cigarettes;
cigars; e-cigarette, waterpipe, and smokeless) measured at Waves 1-14. We tested one
through six classes to determine the number of classes that best fit the various patterns of
tobacco use. Based on standard goodness of fit statistics, including the Bayesian Information
criterion (BIC) where lower values indicate an improved model fit, and the Lo-Mendell-
Rubin adjusted likelihood ratio test (Lo, Mendell, & Rubin, 2001), we decided on the
number of classes. Entropy was also calculated to provide an indication of the overall
degree of classification uncertainty in the solution, with values closer to 1 indicating better
classification accuracy. To accommodate missing data, analyses were completed in Mplus
using full-information maximum likelihood estimation (Muthén & Muthén, 1998-2017).
Participants were then assigned to the tobacco trajectory class for which they had the highest
probability of membership based on the estimated posterior probabilities. College-entry
characteristics were compared across tobacco trajectory groups using chi-squared tests

for categorical data and F-tests for continuous outcomes. Multinomial logistic regression
models were fit to assess the impact of college-entry characteristics on tobacco trajectory
membership in a multivariable model. Finally, the likelihood of experiencing a life-event
was modeled as a function of tobacco trajectory group membership using a mixed-effects
logistic regression model to account for the repeated assessment of life events (waves 8—
14). Each life-event was modeled separately and models were adjusted for college-entry
characteristics that were significantly different between tobacco trajectory groups. Survey
sampling procedures implemented in Stata accounted for individuals being nested within
schools by using the Taylor series linearization approach to standard error estimation. We
used multiple imputations by chained equations to handle missing covariate data. Twenty
imputed datasets were generated using MI IMPUTE in Stata Version 15.
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3. Results

The sample included 1,519 participants who completed the baseline assessment, at least one
additional college wave, and at least one post-college wave, and reported past month tobacco
use on at least one wave. Participants were 49.8% female, 15.7% non-white, 6.6% Hispanic,
and 61.8% had mothers with at least a college degree. As baseline, 25.2% of participants
reported past month cigarette smoking, 21.3% reported past month waterpipe use, 19.7%
reported past month cigar use, 7.3% reported past month smokeless use, and 1.3% reported
past month e-cigarette use. Other sample characteristics are in Table 1.

3.1 Description of Latent Classes of Tobacco Users

The best-fitting model based on goodness of fit statistics was a five-class model
(Supplemental Tables). The estimated probabilities of reporting tobacco use in each class are
displayed in Figure 2. Participants in Class 1 (Limited Users), which includes 52.6% of the
sample, had minimal likelihood of use of any tobacco product at Wave 1, which decreased
to almost no use by Wave 8 and was sustained through Wave 14. In multinomial logistic
regression models, we present comparisons with the Limited Use class (reference group) in
Tables 2 and 3. Comparisons between all classes are shown in Supplemental Tables 3 and 4.

Class 2 is comprised of Sustained Polytobacco Users and includes 5.7% of the sample. This
class is characterized by moderate use of all tobacco products. The probability of smokeless
tobacco use at Wave 1 was moderate and increased over the college years before leveling
off and then decreasing between waves 13 and 14. The probability of cigarette use increased
over the college years and steadily decreased during the post college years until Wave 12,
when it began increasing again. The probability of cigar smoking increased over the first
three waves, decreased over the remaining college years and then leveled off post-college.
The probability of waterpipe use was highest at Wave 1 and decreased over the college years
before leveling off at a very low level post-college. Finally, the probability of e-cigarette use
was low during the first five waves but increased between Waves 5 and 6. It then leveled off
until Wave 10 when a second increase began and continued until Wave 13.

Compared to the Limited Use class, those in the Sustained Polytobacco Use class were less
likely to be female (OR =0.02, Cl = 0.01, 0.07) and Non-White (OR =0.26, Cl = 0.07,
0.88); but more likely to be engaged in a Greek-letter organization (OR = 2.73, Cl =1.33,
5.66), use marijuana (OR = 2.44, Cl =1.44, 4.14), and binge drink (OR = 3.73, Cl = 2.00,
6.96). Compared to Limited Use, Sustained Polytobacco Use were more likely to have been
arrested (AOR = 16.5, Cl = 5.05, 54.2) (Tables 2, 3).

Class 3 is comprised of Experimental Users and includes 10.9% of the sample. This class is
characterized by low to moderate probability of use of all tobacco products except smokeless
tobacco, which was not used by members of this group. Cigar and waterpipe use remained
relatively stable over time, while cigarette and e-cigarette use increased and then leveled off.

Compared to Limited Users, Experimental Users were more likely to have peers (OR = 1.86,
Cl = 1.15, 2.02) and family members (OR = 1.74, Cl = 1.20, 2.53) who smoke, and had
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higher sensation seeking scores (OR = 1.51, Cl = 1.23, 1.85), as well as be more likely to be
separated or divorced (AOR = 3.96, Cl = 1.45, 10.8).

Class 4 is comprised of College Polytobacco with Continued Cigarette and E-Cigarette
Users and includes 14.0% of the sample. Members of this class had a high probability of
cigarette smoking at Wave 1, which increased at Wave 2 and then was consistent during the
remaining college years before decreasing after college. E-cigarette use increased over time,
and, by Wave 14, was as likely as cigarette smoking. Waterpipe and cigar use were moderate
at Wave 1 but declined over time. Smokeless tobacco use was low at Wave 1 and decreased
to almost no use by Wave 7.

Compared to Limited Users, College Polytobacco with Continued Cigarette and E-Cigarette
Users were more likely to use marijuana (OR =5.01, CI = 3.24, 7.75), have peers who
smoke (OR =3.99, Cl = 2.41, 6.61), have higher sensation seeking scores (OR = 1.78, Cl
=1.27, 2.50), and higher depression scores (OR = 1.06, Cl = 1.02, 1.12). Compared to
Limited Users, College Polytobacco with Continued Cigarette and E-Cigarette Users were
more likely to have lost a baby (miscarriage or pregnancy termination) (AOR = 4.43, Cl =
1.67, 11.7), started providing care for a parent or relative (AOR = 1.97, Cl = 1.02, 3.78),
had or overcome a serious illness (AOR = 2.35, Cl = 1.12, 4.94), been addicted to drugs or
treated for addiction (AOR = 8.60, Cl = 2.10, 35.2), started a new job (AOR =1.43, Cl =
1.15, 1.78), lost a job, been demoted, or unemployed (AOR = 2.33, Cl = 1.50, 3.61), and
been arrested (AOR = 8.08, Cl = 2.99, 21.8).

Class 5 is comprised of College-Limited Combustible Users and includes 16.8% of the
sample. Participants in this class had a moderate probability of cigarette, cigar, and
waterpipe smoking at Wave 1, which decreased through college and was virtually non-
existent for cigars and waterpipe by Wave 7 and cigarettes by Wave 10. Compared to
Limited Users, College-Limited Combustible Users were less likely to attend religious
services two or more times per month (OR = 0.55, Cl = 0.39, 0.77), more likely to use
marijuana (OR = 2.74, Cl = 1.52, 4.95), binge drink (OR = 2.76, Cl = 1.78, 4.28), have peers
who smoke (OR =2.61, Cl = 1.79, 3.81), and have higher sensation seeking scores (OR =
1.48, Cl = 1.11, 1.99). There were no differences in life events experienced between Limited
Users and College-Limited Combustible Users.

4. Discussion

In this sample of young adults, the longitudinal latent class analysis identified five classes
with distinct patterns of tobacco use and correlates. More than half (52.6%) were in the
Limited Use class, which showed minimal tobacco product use at college entry as well as
over time, with no progression to regular use. Clendennen and colleagues identified a similar
non-user class representing 30% of the sample of Texas college students (Clendennen et

al., 2019). The college years are a high-risk period for experimentation with substance use,
including tobacco, alcohol, and marijuana (Fromme, Corbin, & Kruse, 2008). Thus, it is

not surprising that over half of the sample used tobacco products only briefly, primarily
during college. Members of this class reported several protective factors, including more
participation in religious activities, lower participation in Greek-letter organizations, less use
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of other substances, low sensation seeking scores, and exposure to fewer smoking peers and
family members, which may have contributed to their minimal use.

The other four classes (50% of the sample) had moderate to high prevalence of tobacco
product use at college entry, highlighting the widely observed pattern of tobacco use often
beginning before college (Services, 2012) and underscoring the need for prevention efforts
aimed at teens. Additionally, transitioning from high school to college is a critical life event,
with stressors such as separation from friends and family, increased independence, and
adapting to a new social environment. College campuses should consider tailored programs
for first-year students to help with the transition period (Purdie & Rosser, 2011; Upcraft,
Garner, & Barefoot, 2005).

Members of the College Limited-Combustible Use (16.8%) class smoked waterpipe tobacco,
cigars, and cigarettes, but did not continue tobacco use post-college. These participants

were less likely then Limited Users to attend religious services, but were more likely to
report binge drinking, marijuana use, and having peers who smoke cigarettes, and had
significantly higher sensation seeking scores than Limited Users. This group may have used
tobacco products socially during college when they were in environments that facilitated
use, including peer use and lack of smoke-free policies. However, post-college environments
may have little to no peer use and policies that discourage use, such as workplace bans. This
is consistent with the concept of “maturing out” which suggests that role incompatibility and
social control are two potential drivers of this phenomenon (Umberson, 1987; Yamaguchi &
Kandel, 1985). One recent longitudinal study of tobacco use among young adults in Texas
found statistically significant declines in e-cigarettes, waterpipe, and cigar use, but cigarette
smoking and smokeless tobacco use remained stable (Loukas, Marti, & Perry, 2019). In

our study, use of all tobacco products declined post-college among members of this class.
Our study covered a longer period of time than the Texas study, which included only 2.5
years. Perhaps with a longer follow-up period, a similar reduction in cigarette smoking and
smokeless tobacco use would have been observed.

The Sustained Polytobacco, Experimental, and College Polytobacco with Continued
Cigarette and E-Cigarette classes were more likely to engage in marijuana use, binge
drinking, and sensation seeking than Limited Users. Clendennen and colleagues found
that young adults who were heavy drinkers and used marijuana were more likely to

be polytobacco versus single product users and were associated with membership in

the tobacco use versus non-use groups (Clendennen et al., 2019). Incorporating tobacco
treatment modules into existing campus curricula for students with problematic alcohol or
drug use could be one option for reaching those who may be at-risk for tobacco use during
college and beyond (Paschall, Antin, Ringwalt, & Saltz, 2011). Further, adding questions
about family and friend tobacco use to student health intake forms could be a way of
identifying students vulnerable to tobacco use and providing brief prevention or treatment
counseling. Moreover, screening for marijuana use, along with assessing tobacco use in
student health clinics could further identify students in need of treatment. In addition, they
had moderate to high prevalence of use post-college, highlighting the need for tobacco
prevention and cessation programming both during and post-college. During college, student
health centers can serve as a point of intervention for students who use tobacco. However,
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implementation of tobacco treatment services in student health centers has been limited. We
found that just over half of 71 student health centers from 10 Southeastern states reported
screening for tobacco use at every visit (Sutfin et al., 2015), despite recommendations

from the US Preventive Services Task Force on prevention and cessation of tobacco use
among children and adolescents (Sargent, Unger, & Leventhal, 2020). Most (80%) providers
reported offering tobacco cessation counseling and 77% reported offering pharmacotherapy
to students to those who wish to quit. Few (13%) reported having computerized reminders
to encourage providers to advise patients to quit, yet 54% reported that the clinic offers
health care provider training in effective smoking cessation interventions (Sutfin et al.,
2015). Future research should focus on increasing screening and implementation of tobacco
treatment services in student health centers. Because over 83% of the sample reported part
or full time employment post-college (Wave 8), the workplace is a potential environment

to reach young adults with health promotion and disease prevention efforts. Comprehensive
tobacco-free workplace policies and programs can reduce employees’ tobacco use (Castellan
etal., 2015).

The College Polytobacco with Continued Cigarette and E-Cigarette Use class is largely
characterized by waterpipe, cigar, and cigarette smoking during college with ongoing
cigarette smoking and increasing likelihood of e-cigarette use. Members of this class also
had the highest prevalence of marijuana and illicit drug use, friends who smoke cigarettes,
and the highest levels of sensation seeking and depression. These findings are comparable to
recent evidence indicating that co-use of marijuana and tobacco is increasing, with almost a
quarter of young adults reporting current use of marijuana and at least one tobacco product
(Cohn, Abudayyeh, Perreras, & Peters, 2019). Reasons for co-use reported by college
students include prolonging marijuana’s effects (Ramo & Prochaska, 2012) and tempering
undesirable effects (i.e., withdrawal symptoms) (Budney, Vandrey, Hughes, Thostenson,

& Bursac, 2008; Vandrey, Budney, Hughes, & Liguori, 2008). Thus, tobacco cessation
programs for this population of dual-users should consider strategies that address cessation
of marijuana use as well. Given the high depression scores, nicotine and marijuana may also
be used for self-medication. College counseling and student health centers that are treating
or screening college students for depression may want to consider adding tobacco prevention
or treatment interventions as part of their standard care plans. Efforts are also needed post-
college, through workplace health promotion and primary health care, to coordinate services
for those experiencing negative life events so that they do not use nicotine to self-medicate.

Membership in Greek-letter organizations was associated with some classes, suggesting

that it may be a risk factor. These organizations are social networks that offer young

adults opportunities to select peers based on shared preferences (Cheney, Harris, Gowin,

& Huber, 2014). These groups have social norms related to tobacco and other substance

use that can either encourage or discourage use among their members. Our findings are
consistent with a recent survey of college students that reported higher rates of tobacco use
among fraternity and sorority members compared to non-Greek affiliated students (Soule,
Rossheim, Cavazos, Bode, & Desrosiers, 2019). Additionally, a systematic review found that
members of Greek-letter organizations were more like to smoke than those who were not
members of these organizations (Cheney et al., 2014). More recent studies have documented
higher rates of e-cigarette use among members of Greek-letter organizations (Marion,
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Strand, & Baldridge, 2021). Tobacco prevention and cessation programs specifically tailored
for Greek-letter organizations could be beneficial for reducing tobacco use during college
and early adulthood, including strong tobacco-free policies in the housing and at all
sponsored events.

E-cigarette use increased over time in three out of the five class, including all three classes in
which tobacco use continued post-college. This is not surprising, given that the study period
coincided with the proliferation of e-cigarette products, large increases in marketing, and a
huge upsurge in popularity (Fadus, Smith, & Squeglia, 2019). E-cigarettes entered the U.S.
market in 2007, followed by a period of sustained growth. Between September 2014 and
May 2020, sales of e-cigarettes in the U.S. increased by 122.2% (Ali et al., 2020). This study
was conducted during the time when high school students rates of e-cigarette use increase
from 1.5% in 2011 to 27.5% in 2019 (Wang et al., 2019). Less drastic increases were seen
among adults, with young adults, ages 18-24, having the highest prevalence of e-cigarette
use compared to any other adult age group (Creamer et al., 2019).

We also examined social role transitions within tobacco use classes. Most classes had

few, if any, differences in social role transitions compared to Limited Use. However,
College Polytobacco with Continued Cigarette and E-Cigarette Users were more likely

to have experienced several social role transitions, including losing a baby, caring for a
parent or relative, having or overcoming an illness, being addicted to or treated for drugs,
losing a job, starting a new job, and being arrested. Schulenberg and Maggs (Schulenberg
& Maggs, 2002) posit that increased instability during young adulthood, marked by
multiple social role transitions, could result in increased stress and mental health problems.
Although this College Polytobacco with Continued Cigarette and E-Cigarette Users did

not report significantly more stress than Limited Users, they did report more depressive
symptoms. Young adults experiencing many social role transitions may benefit from targeted
interventions aimed at addressing mental health problems (Patrick et al., 2020) during times
of multiple transitions.

4.1 Limitations

The primary limitation of this study is the geographically restricted sample. We recruited
students from colleges in two states: North Carolina and Virginia. Both states have a history
of tobacco farming and manufacturing and are home to the two largest tobacco companies in
the U.S. Prior to the study, both North Carolina (January 2, 2010) and Virginia (December
1, 2009) had implemented smoking prohibitions in bars and restaurants. Cigarette taxes
were not raised in either North Carolina or Virginia during the duration of the study.

Both states provide limited funding to tobacco control programs. In fiscal year 2018,

North Carolina funded the state tobacco control program at 5.4% and Virginia 12% of

the CDC recommended levels. Both states have relatively weak tobacco laws, taxes, and
prevention and findings from this study may not generalize to young adults from other
states. Participants were recruited from four year colleges; results may not generalize to
young adults who attended two year colleges or to those who did not attend college. The
cohort is predominantly comprised of non-Hispanic white young adults, further limiting
generalizability. However, the strategies recommended to reduce tobacco use are systematic
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interventions aimed at the broad population of young adults, rather than individually-focused
interventions.

5. Conclusion

Patterns of tobacco use varied considerably over time, with increases in the prevalence of
e-cigarette use in three of five classes. In most classes, the likelihood of tobacco use was
highest during freshman year. Prevention activities should focus on first-year students who
are at high risk for certain kinds of tobacco products. In three classes, tobacco use continued
after the college years. Student health centers have the opportunity to screen for tobacco
use and provide brief intervention for tobacco users, yet over a third of college students
who have visit their student health center were not asked about tobacco use, and among
those who reported tobacco use, only half received any form of brief intervention (Sutfin et
al., 2012). Student health centers may be an important ally in providing cessation services
and encouraging tobacco use prevention. Similarly, post-college tobacco interventions are
needed. Primary care providers and workplace health promotion programs hold promise for
addressing tobacco use among young adults.
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Screener Invitations
N = 29,536

Screener (Fall 2010) Completions
N =10,528

Invited into Cohort
N = 4,910

Wave 1 (Fall 2010) Completions
N = 3,146 (M, = 18.2, SD = 0.5)

Wave 2 (Spring 2011) Completions
N = 2,520 (80.1%; M, = 18.6, SD = 0.6)

Opt Outs

N = 2,459 (78.2%; M. = 19.1, SD = 0.4)

‘ Wave 4 (Soring 2012) Completions Opt Outs

N = 2,507 (79.7%; My, = 19.6, SD = 0.6)

Wave 3 (Fall 2011) Completions [ Opt Outs ]

Wave 5 (Fall 2012) Completions Opt-Outs
N = 2,516 (80.0%; M., = 20.1, SD = 0.4)
Wave 6 (Fall 2013) Completions Opt-Outs
N = 2,500 (79.5%; M, = 21.1, SD = 0.4) N=13
Wave 7 (Fall 2014) Completions Opt-Outs
N = 1,855 (59.0%; M, = 22.2, SD =0.5)
Wave 8 (Fall 2016) Completions Opt-Outs
N = 1,966 (62.5%; ; M., = 24.2, SD = 0.6) N=95
Wave 9 (Spring 2017) Completions Opt-Outs
N = 1,896 (60.3%; M, = 24.7, SD = 0.6) N=15
Wave 10 (Fall 2017) Completions Opt-Outs
N = 1,914 (60.8%; M, = 25.2, SD = 0.6) N=11
Wave 11 (Spring 2018) Completions Opt-Outs
N = 1,927 (61.3%; M, = 25.8, SD = 0.6) N=4

Wave 12 (Fall 2018) Completions Opt-Outs
LN =1,960 (62.3%; M, = 26.2, SD = 0.6)

Wave 13 (Spring 2019) Completions Opt Outs
N =1,1910 (60.7%; M. = 26.7, SD = 0.6)
Wave 14 (Fall 2019) Completions Opt Outs
N =1,911 (60.7%; M, = 27.2, SD = 0.6)

Figurel.

Flow of Study Participants, Retention Rates, and Mean Age at Each Wave.
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Table 2.
Multinomial Logistic Regression of College Entry Characteristics Predicting Membership in Tobacco
Trajectory Groups with Limited Use as the Reference Group (N=1519).
College Polytobacco College-Limited

College Entry
Characteristics

Sustained Polytobacco
vs. Limited Use
Adjusted OR (CI)

Experimental vs.
Limited Use Adjusted
OR (CI)

with Continued

Cigaretteand E-
Cigarettevs. Limited
Use Adjusted OR (CI)

Combustible vs.
Limited Use Adjusted
OR (CI)

Female Sex

0.02 (0.01, 0.07)

0.64 (0.41, 1.02)

0.79 (0.46, 1.35)

0.69 (0.44, 1.08)

Non-White Race

0.26 (0.07, 0.88)

1.25 (0.80, 1.94)

0.50 (0.22, 1.16)

0.89 (0.48, 1.67)

Hispanic Ethnicity

0.34 (0.06, 1.79)

1.16 (0.41, 3.23)

0.81 (0.36, 1.85)

1.23(0.61, 2.49)

Mothers with College
Education

0.99 (0.43, 2.27)

0.92 (0.49, 1.73)

0.76 (0.52, 1.11)

(
(
(
(

0.97 (0.60, 1.56)

Religious Service
Attendance (2+ times/
month)

1.15 (0.61, 2.14)

0.71 (0.49, 1.02)

0.78 (0.52, 1.17)

0.55 (0.39, 0.77)

Greek-letter
organizations ™

2.74(1.33, 5.66)

1.17 (0.64, 2.15)

1.15 (0.60, 2.18)

1.35 (0.81, 2.34)

Marijuana Use

244 (1.44, 4.14)

2.02 (0.95, 4.31)

5.01 (3.24, 7.75)

2.74(1.52,4.95)

Illicit Drug Use

1.80 (0.48, 6.74)

1.40 (0.44, 4.47)

2.40 (059, 9.82)

1.84 (0.65, 5.20)

Binge Drinking

3.73(2.00, 6.96)

0.88 (0.48, 1.62)

1.47 (0.88, 2.46)

2.76 (1.78, 4.28)

At least one close friend
smokes

1.60 (0.89, 2.88)

1.86 (1.15, 3.02)

3.99 (2.41, 6.61)

2.61(1.79, 3.81)

At least one family
member smokes

1.47 (0.73, 2.93)

1.74(1.20, 2.53)

1.55 (0.92, 2.62)

1.08 (0.79, 1.46)

Sensation Seeking

0.98 (0.59, 1.64)

151 (1.23, 1.85)

1.78 (1.27, 2.50)

1.48 (1.11, 1.99)

. *
Depression

1.00 (0.93, 1.06)

1.00 (0.95, 1.05)

1.06 (1.02, 1.12)

1.02 (0.97, 1.08)

Stress ™

1.02 (0.96, 1.08)

0.97 (0.91, 1.04)

0.97 (0.92, 1.03)

0.99 (0.95, 1.03)

*
These variables were measured in Wave 2 (spring 2011).

Drug Alcohol Depend. Author manuscript; available in PMC 2023 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Sutfin et al.

Table 3.

Page 19

Longitudinal Logistic Regression Models of Tobacco Trajectory Groups Predicting Life Event Outcomes in
Young Adulthood with Limited Use as the Reference Group (N=1415).

Outcome: Life Eventsin
Young Adulthood1

Sustained Polytobacco
vs. Limited Use

Adjusted OR? (Cl)

Experimental vs.
Limited Use Adjusted

or?(C1)

College Polytobacco
with Continued
Cigaretteand E-

Cigarettevs. Limited

Use Adjusted OR? (CI)

College-Limited
Combustiblevs.
Limited Use Adjusted

OR? (Cl)

Per sonal/Relationship

Married, engaged, or moved
in with significant other

0.74 (0.49, 1.13)

0.82 (0.62, 1.09)

0.94 (0.71, 1.24)

1.03 (0.81, 1.33)

Had a baby

1.87 (0.49, 7.09)

0.42 (0.14, 1.33)

0.95 (0.36, 2.49)

1.71(0.76, 3.87)

Lost a baby

2.46 (0.37, 16.2)

2.34(0.84, 6.53)

456 (1.72, 12.1)

0.97 (0.29, 3.21)

Started caring for a parent or
relative

0.80 (0.25, 2.52)

1.33 (0.67, 2.64)

1.95 (1.01, 3.74)

1.00 (0.52, 1.93)

Death of parent, sibling,
spouse or significant other

0.45 (0.15, 1.41)

1.16 (0.62, 2.16)

0.87 (0.46, 1.66)

0.77 (0.41, 1.43)

Had an illness or overcame
an illness

2.49 (0.83, 7.49)

1.91 (0.90, 4.08)

2.40 (1.14, 5.02)

1.40 (0.68, 2.90)

Got separated or divorced

3.48 (0.7, 15.7)

3.95 (1.4, 10.8)

2.07 (0.69, 6.21)

0.84 (0.26, 2.70)

Addicted to or treated for
drugs

2.24 (0.24, 20.8)

1.40 (0.24, 8.06)

10.1 (2.43, 42.0)

0.91 (0.16, 5.21)

Financial/L egal

Started college or new
school or classes

0.82 (0.46, 1.46)

0.94 (0.63, 1.39)

1.07 (0.73, 1.57)

1.04 (0.73, 1.47)

Started a new job

1.18 (0.87, 1.62)

1.23 (0.99, 1.53)

1.43 (1.15, 1.77)

1.14 (0.94, 1.39)

Lost job, demoted, or 1.14 (0.58, 2.24) 1.42(0.90, 2.24) 2.34(1.51,3.64) 0.88 (0.56, 1.36)
unemployed
Avrrested 15.9 (4.84, 52.4) 2.64 (0.88, 7.94) 8.59(3.19,23.2) 2.84 (0.99, 8.17)

'ZEach life event is modeled separately.

2Models adjust for significant covariates in Table 2.
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