1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Addict Behav. Author manuscript; available in PMC 2024 July 15.

-, HHS Public Access
«

Published in final edited form as:
Addict Behav. 2024 January ; 148: 107871. doi:10.1016/j.addbeh.2023.107871.

Longitudinal patterns of cannabis and tobacco co-
administration and concurrent use among young adult college
students

Daniel S. Kreitzberg, Keryn E. Pasch”,

Alexandra Loukas

Department of Kinesiology and Health Education, The University of Texas at Austin, 2109 San
Jacinto Blvd, Austin, TX 78712, USA

Abstract

Introduction: Co-use, including concurrent use or co-administration, of cannabis and tobacco is
most prevalent in young adulthood and associated with worse health outcomes than use of either
substance alone. This study examined latent classes of tobacco and cannabis concurrent use and
co-administration, and transitions between classes from 2016 to 2019, among a sample of young
adult college students in Texas.

Methods: Participants included 4,448 young adults (64.2% female, 64.7% non-white, mean age
=20.5) in a longitudinal cohort study. Measures included past 30-day use of cigarettes. hookah,
cigars, ENDS, cannabis, and cannabis and tobacco co-administration. Latent Markov models were
used to estimate latent class membership and transitions between classes from 2016 to 2017 and
2017 to 2019.

Results: Four latent classes emerged: non-use (58% of students) characterized by low/no
probability of any use; general use (19%) characterized by some level of use of all behaviors;
blunt and cannabis use class (13%) characterized by high probabilities of cannabis use and
co-administration with blunts; and concurrent and co-administration use (10%) with high
probabilities of cigarette, cannabis, blunt, and spliff use. Most students remained in the same
latent class from 2016 to 20109.

Conclusions: While most students reported low/no tobacco and cannabis co-use, those who
used cannabis and/or tobacco remained in their use classes over the course of the study (2016
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to 2019). Public health advocates on college campuses should consider prevention and cessation
programs that incorporate the constellation of behaviors related to cannabis and tobacco co-use
and educate students about the health consequences of co-use.

1. Introduction

The prevalence of cigarette, little cigars/cigarillo (LCC), smokeless tobacco, and hookah
use among young adults has decreased in recent years, while the prevalence of electronic
nicotine delivery system (ENDS) and cannabis use has either increased (Romm et al., 2023;
Schulenberg et al., 2020) or remained stable. (Seaman et al., 2019) Use of cannabis and
tobacco have each been associated with negative health effects and the use of both products,
or co-use, has been found to exacerbate some of these negative health effects, including
poor lung functioning (Correa et al., 2020; Taylor et al., 2002) and increased dependence on
nicotine. (Patton et al., 2005; Seaman et al., 2020) Co-use of cannabis and tobacco can be
defined in different ways such as the use of both products during the same period, referred
to as concurrent use, (Berg et al., 2015) or use of cannabis in or with a tobacco product,
referred to as co-administration (e.g., cannabis in a blunt wrap). (Pedersen et al., 2020;
Tucker et al., 2019).

Prevalence of co-use varies by the type of co-use, concurrent or co-administration. Studies
indicate approximately 30-60% of college students who use cannabis also report concurrent
tobacco product use. (Berg et al., 2015; Tucker et al., 2019; Jones et al., 2016) Tucker and
colleagues (2019) found 17.4% of past-year marijuana users reported both sequential (use of
one product after the other) and co-administration use while 14% reported only sequential
use and 10% reported co-administration. (Tucker et al., 2019) Further, among a sample

of past-year tobacco/nicotine users, 36.1% reported concurrent use only, 20.1% reported
sequential and co-administration use, 16.7% reported sequential use only, and 9.6% reported
only co-administration use. (Tucker et al., 2019) Another study of young adults from 11
colleges in North Carolina and Virginia, found 9.3% of participants reported concurrent
past 30-day use of cannabis and tobacco and co-users were most likely to use ENDS and
blunts and to use more cannabis than their peers who only use cannabis. (Reboussin et

al., 2021) Data from the nationally representative Population Assessment of Tobacco and
Health (PATH) study have shown slightly higher rates among young adults with between

20 and 33% of participants reporting concurrent past 30-day use of cannabis and tobacco
(Seaman et al., 2020; Cohn et al., 2019) and 42% reporting ever co-administering cannabis
in a tobacco product. (Seaman et al., 2020) Among past 30-day cannabis users, 96.4%
reported ever use of tobacco while 51.3% of participants who reported ever using nicotine
had also used cannabis. (Blair et al., 2022) A longitudinal study by Berg et al. (2020)

found early marijuana use, before the age of 18 years, was associated with four different
tobacco use trajectories, with marijuana use before 18 predicting increased odds of being

in the three tobacco user classes (adult users, college users, teenage users) as compared

the abstainer/dabblers trajectory. (Berg et al., 2020) Together, these studies make clear that
a meaningful proportion of young adults are reporting co-use of tobacco and cannabis.
Beyond estimating prevalence, more complex modeling can elucidate patterns of cannabis
and tobacco concurrent use and co-administration to discover more nuanced and possibly
common patterns of co-use.
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Latent class analysis and latent transition analysis (LCA and LTA, respectively) (Lanza et
al., 2012) have been used to identify patterns, or classes, of concurrent use of cannabis and
tobacco, and transitions between classes over time. Studies have found latent classes with
high probabilities of concurrent cannabis and tobacco use among about 10% (Haardorfer
et al., 2016) and 18% (Evans-Polce et al., 2016) of young adult college students. Research
by Cho et al. (2015) (Bin et al., 2015) found classes with concurrent tobacco and cannabis
use that included over 40% of the college student sample. Additionally, 7% of college
students in the Cho et al. study transitioned from the low or no use class to the alcohol,
tobacco, and cannabis use class from fall to spring semester, while 2.6% transitioned from
a use class to the low/no-use class. These studies demonstrate the usefulness of LCA

and LTA for estimating patterns of concurrent cannabis and tobacco use, however, none
measured co-administration. It is unclear if college students commonly engage in both
co-administration and concurrent use or if these are distinct use behaviors. These studies
also included measures of alcohol use and other substances when estimating latent classes,
this may obscure patterns of cannabis and tobacco co-administration and concurrent use
which might be useful for interventionists to target.

While previous studies that examined tobacco and cannabis concurrent use have found
common patterns, our study aims to build upon this work by including measures of co-
administration and expanding the length of time used to examine transitions over three
years. If the current study finds similar high stability in class membership as previous studies
(Bin et al., 2015), early prevention efforts may be key to preventing concurrent use or
co-administration as young adults are likely to continue these behaviors once they start.
Therefore, the purpose of this study is two-fold 1) determine latent classes of concurrent

use and co-administration of cannabis and tobacco and 2) analyze transitions between latent
classes of concurrent use and co-administration of cannabis and tobacco products across
three years, from 2016 to 2019, among young adult college students.

2. Methods
2.1. Study design and population

The Marketing and Promotions Across Colleges in Texas (M—PACT) project was a rapid-
response surveillance study that measured tobacco and nicotine product use, correlates of
use, and trajectories of use among young adult college students in Texas from 2014 to 2019.
(Loukas et al., 2016; Loukas et al., 2022) Students were eligible for participation in M-
PACT if they were enrolled full- or part-time in vocational training/certificate programs at
12 2-year colleges or undergraduate degree-seeking students at 12 4-year colleges. Potential
participants were contacted via an e-mail that outlined the purpose of the study and included
an eligibility survey. A total of 13,714 students were contacted via e-mail and 40% were
eligible, provided consent, and completed the survey. M—PACT participants included 5,478
students from 24 colleges located within five counties and the four largest metropolitan areas
of Texas. Project M—PACT wave four was chosen as the baseline for this study as it was

the first wave of M—PACT to include measures of past 6-month co-administration. Data for
this study was drawn from waves four (spring 2016; considered baseline for the present
study), six (spring 2017), and eight (spring 2019) with a retention rate that ranged from 75%
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to 81% (n = 3,797-4,448) between waves. (Loukas et al., 2022; Clendennen et al., 2019)
Thus, we examined tobacco and cannabis use behaviors at baseline in 2016, one year later in
2017, and two years after the one-year follow-up in 2019. There was a two-year gap between
2017 and 2019 because the 2018 questionnaire was an abridged version that did not measure
co-administration behaviors. The analysis for this study included 4,448 students who had
complete data at wave four.

2.2. Measures

Current separate use measures.—Past 30-day use of cigarettes, hookah, cigar,
smokeless tobacco, ENDS, and marijuana were each measured with a single question, (e.g.,
“On how many of the past 30 days have you smoked a cigarette?”). Possible responses
included 0 to all 30 days for each question and responses were dichotomized to either zero
days (0) or at least one day (1).

Cannabis and Tobacco co-administration.—Four separate measures were used to
assess past 6-month co-administration of cannabis and four different tobacco products
including use in a hand-rolled cigarette (e.g., ‘spliff’), in an ENDS, in a large cigar, cigarillo,
or ‘blunt’, and in a hookah or water pipe. Each of the four separate measures were assess
with a similar question, “In the past 6 months (e.g., since the last survey you took) have
you smoked marijuana in a [hookah]?” Responses were either “yes” (1) or “no” (0). ENDS
co-administration was measured differently at the three-year follow up in this study with
three separate questions: “In the past 6 months, have you smoked marijuana in a: “juul/pod
vape”, “disposable e-cigarette or an e-cigarette with a disposable cartridge (not a juul/pod
vape)”, and “vape pen, personal vaporizer, mod, or any other similar device”. Response
options to these three questions were “yes” (1) or “no” (0) and a “yes” to any of the three
questions was coded as “yes” (1) for ENDS co-administration and “no” on all three was
coded (0).

2.3. Analytic approach

Latent Markov models were used to address the two purposes of the study; to estimate latent
class membership during waves four (spring 2016), six (spring 2017), and eight (spring
2019) and transitions class membership over one year, from spring 2016 (referred to as
baseline) to 2017, and over two years, from 2017 (referred to as one-year follow-up) to
2019 (referred to as three-year follow-up). Latent Markov models allow for modeling time-
constant and varying latent classes between two or more categorical variables. In this study,
10 binary indicator variables were used: 5 past 30-day tobacco use indicators, a past 30-day
cannabis use item, and 4 co-administration measures. The number of latent classes was
determined via multiple model fit criteria including 1) lower values of Akaike information
criterion (AIC) (Akaike, 1973) and Bayesian information criterion (BIC) (Schwarz, 1978),
2) visual inspection of AIC and BIC values by number of latent classes (scree plots),

3) bootstrapped likelihood ratio test (BLRT) results, where significant results indicate the
model with k classes fits the data better than a model with k-1 classes, and 4) no latent
class with<10% membership among the sample. To select the most parsimonious model,
models with one through 35 latent classes were compared. These criteria have been used

in previous studies to select an appropriate number of latent classes. (Bin et al., 2015;
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Clendennen et al., 2019) Analyses were conducted with R (version 4.0.3) (R: A language
and environment for statistical computing. Published online, 2021) including descriptive
statistics, chi-square tests between sex and race/ethnicity groups within each latent class and
transitions between classes, and the latent Markov model with package LMest. (Bartolucci
etal., 2017) LMest handles missing data using the expectation—-maximization algorithm.
P-values were considered statistically significant at < 0.007 due to multiple comparisons.

3. Results

Of the 4,448 participants that were included in this study, 64.2% were female, with an
average age of 20.5 years (SD = 2.33), and 35.3% were non-Hispanic white, 31.1%
Hispanic, 18.3% Asian, 7.8% African American/Black, and 7.5% other/multiracial (see
Table 1). Cigarettes were the most used tobacco product across each measurement occasion
followed by, ENDS, hookah, cigars, and smokeless (see Table 1). For each tobacco product,
except ENDS, the prevalence of use decreased from baseline to the one-year follow-up

and from the one- to the three-year follow-up. Current ENDS use dropped from baseline

to the one-year follow-up but increased to nearly the baseline prevalence at the three-year
follow-up. Prevalence of past 30-day Cannabis use was highest at baseline and dropped at
the three-year follow-up. Of the co-administration measures, past 6-month blunt use had the
highest prevalence at baseline but was exceeded by cannabis use in ENDS at the three-year
follow up. Further, of the four types of co-administration, cannabis use in ENDS was the
only type of co-administration to increase from baseline to the three-year follow up. Spliff
use followed by cannabis use in hookah were the least endorsed of the co-administration
measures (see Table 1).

3.1. Latent class characteristics at baseline

The latent Markov model with the best model fit indices, statistically significant BLRT,

and sufficient class membership included four latent classes (see Table 2). Participants in
the first class, termed “non-use” (57.8% of the sample), had very low or no probability of
any of the use items (see Table 3). The second class, termed “general use” (18.9% of the
sample), had low probabilities of tobacco product use, ranging from smokeless (0.06) to
cigarettes (0.42), cannabis (0.12), and co-administration, from blunts (0.02) to cannabis in
ENDS (0.12) (see Table 3). The third class, termed “blunt and cannabis use” (13.2% of the
sample), had high probability of past 30-day cannabis use (0.82) and past 6-month blunt

use (0.57). The fourth class, termed “concurrent and co-administration use” (10.1% of the
sample) had high probabilities of concurrent past 30-day cannabis and cigarette use, and
past 6-month blunt and spliff use (0.92 to 0.65; see Table 3). Female students made up a
statistically significantly larger proportion of membership in each class compare with males,
except for the concurrent and coadministration use class (XZ =22.9-628.5, p-values <
0.001; see Supplemental Table 1). Further, there were statistically significant differences in
proportions of racial/ethnic groups within each of the four latent classes (X2 =184.9-792.7,
p-values < 0.001).
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3.2. Stability of class membership and transition probabilities

In general, there was a high probability of participants remaining in the same latent class
from baseline to the one-year follow-up (see Table 4). However, 5% of students in the
“non-use” class transitioned to the “blunt and cannabis use” class and 3% of students in the
“blunt and cannabis use” and 7% of students within the “general use” class transitioned to
the “concurrent and co-administration use” class. Further, 8% of students in the “concurrent
and co-administration use” class transitioned to the “blunt and cannabis use” class while
17% transitioned to the “general use” class. Of participants in the “blunt and cannabis

use” class at baseline, 14% transitioned to the “non-use” class at the one-year follow-up,
indicating these individuals decreased their use behavior. Among students in the “general
use” class, 13% transitioned to the “non-use” class and 3% transitioned to the “blunt and
cannabis use” class (see Table 4).

Transition patterns from the one- to three-year follow-up were similar to the transitions
from baseline to the one-year follow up with a few exceptions (see Table 4). Specifically,
21% of students in the “blunt and cannabis use” class and 4% of students in the “general
use” class transitioned to the “non-use” class from the one- to three-year follow-up. The
percentage of students who remained in the “non-use” class decreased slightly from 95% to
91%, across the two transitions because a greater proportion of students in the “non-use”
class transitioned to the “general use” classes between transitions (see Table 4).

From baseline to three-year follow-up, a small number of students transitioned from the
non-use to the general use class (2%) and the blunt and cannabis use (7%) groups while

no students transitioned to the concurrent and co-administration use class (see Table 4).

Of students in the general use class at baseline, 11% transitioned to the non-use class, 4%

to the blunt and cannabis use class, and 7% to the concurrent and co-administration use
class. Nearly a quarter of students in the blunt and cannabis use class transitioned to the
non-use class while 1% transitioned to the general use class and 3% to the concurrent and
co-administration use class. Of students in the concurrent and co-administration class at
baseline, 22% transitioned to the general use class, 8% transitioned to the blunt and cannabis
use class, and 1% transitioned to the non-use class.

Of students who transitioned to the non-use class, a greater proportion were females
compared to males, including from baseline to one-year follow-up, one-year to three-year
follow-up, and from baseline to three-year follow-up (see supplemental Table 2; Xz =
16.20-39.03, p-values < 0.001). Further, a larger proportion of students who transferred to
the blunt and cannabis use class were female from baseline to one-year follow-up (X2 =
21.89, p-value < 0.001) and from baseline to three-year follow-up (X2 =19.59, p-value <
0.001) but there was not a statistically significant difference in proportions from one-year to
three-year follow-up. Omnibus tests found statistically significant differences in proportions
of racial/ethnic groups transitioning to each of the four use classes from baseline to one-year
follow-up, one-year to three-year follow-up, and from baseline to three-year follow-up (see
supplemental Table 2; XZ = 34.77-36.83, p-values < 0.001) with the exception of transitions
to the concurrent and co-administration class from one-year to three-year follow-up.
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3.3. General changes in use behaviors

Students were categorized into five groups based on their changes in use behavior
throughout the study: 1) students with “no change,” did not change their tobacco use
behavior, 2) students who “decreased,” transitioned from a higher use class to a lower use
class (e.g. transitioned from the general use to non-use class), 3) students who “increased,”
transitioned from a lower to a higher use class (e.g. transitioned from the non-use to the
blunt and cannabis class), 4) students who “experimented,” transitioned from non-use to a
use class from baseline to one-year follow up but transitioned back to the non-use class
during the three-year follow up, and 5) students who were “varied,” a group that captured
students who transitioned between use classes without a clear increase or decrease (e.g.
transitioned between the general use and blunt and cannabis use classes). Most students did
not change their use behavior during the study (82.5%, n = 3,671) while 8.5% (n = 380)
decreased use, 7.8% (n = 348) increased use, 0.7% (n = 32) were experimenters, and 0.4%
(n=17) varied or transitioned between the general use and blunt and cannabis use classes.

4. Discussion

This is one of the largest studies with the longest time frame to examine patterns of
concurrent cannabis and tobacco use and the only such study to include measures of
cannabis and tobacco co-administration among young adult college students. Our study
built upon previous work by including measures of concurrent and co-administration of
cannabis and tobacco at three occasions, over the course of three years, independent of
alcohol or other substance use, which allowed for the estimation of transition probabilities
between latent classes of cannabis and tobacco use. We identified four latent classes, which
included non-use, general use, blunt and cannabis use, and concurrent and co-administration
use classes. Further, we found that 82.5% of students remained in the same use class

from baseline to the three-year follow-up while 8.5% decreased their use behavior, 7.8%
increased, 0.7% experimented (e.g., transitioned from non-use to general or blunt and
cannabis use classes and then transitioned back to non-use).

Of the four latent classes identified, the non-use class included the most students. The
percentage of students in the non-use class in this study was similar to previous studies that
found about 60% of college students were classified as either low or non-use. (Evans-Polce
et al., 2016; Bin et al., 2015) Haardorfer et al. (2016) (Haardorfer et al., 2016) found
between 20.8% and 28.8% of participants to be in a class characterized as non-use, however,
their study included alcohol use as a class indicator and the researchers found one class
characterized by only alcohol use that included between 35.5% and 37.9% of students. It is
likely that if alcohol use was not included as an indicator, these students would have been
classified into the non-use class making their findings similar to our study. In our study

we also found a small percentage of students transitioned from the non-use to either the
cannabis use or general use classes but not to the concurrent and co-administration use class.
These transitions may indicate a general pattern of increasing use behavior from non-use to
blunt and cannabis use or to separate cannabis and tobacco use (general use class). Findings
from our study and the three previous studies consistently find that most college students
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do not report any current tobacco or cannabis use but a substantial percentage of college
students (around 40%) report use of cannabis, tobacco, or both.

The “general use” class included between 17.1% (one-year follow-up) and 18.9% (baseline)
of students. Students in this class did not have a high probability of use of any one

tobacco product, cannabis, or co-administration indicating that this class was made up
students representing a mixture of use behaviors. This class is similar to a latent class

found by Haardorfer and colleagues (2016) (Haardorfer et al., 2016) characterized by low
probabilities of past 30-day cigarette, cigar, ENDS, hookah, and cannabis use that included
15.5% of college students. While 10% of students in the general use class in our study
transitioned to another use class at each transition occasion, which may indicate an increase
in use behavior, 13% of students in this class transitioned to the non-use class from baseline
to one-year and 4% from one- to three-year follow up indicating a decrease in use behavior.
Additionally, 11% of students who were in the general use class at baseline transitioned to
non-use at the three-year follow-up. Students who transitioned to the non-use class from the
general use class may have been experimenters. More research, including qualitative work,
is needed to understand characteristics of students within this general use class, such as
frequency of use, reasons for use, context of use, and nicotine or cannabis dependence, to
tailor interventions aimed at preventing escalation of use and promoting cessation.

The present study found a latent class of college students characterized by high probability
of past 30-day cannabis use and past 6-month blunt use, which ranged from 13.2% of
students at baseline to 15.0% at the one-year follow-up. Previous research has not found a
latent class characterized by past 30-day cannabis use and co-administration of cannabis

in tobacco products. Haardorfer et al., (2016) (Haardorfer et al., 2016) found a class

with high probabilities of LCC, hookah, and cannabis concurrent use separate from latent
classes characterized by polytobacco use. However, they did not measure blunt use and it
is probable that a proportion of students within the LCC, hookah, and cannabis latent class
were blunt users. The latent class of blunt and cannabis users in our study may reflect an
increase in social acceptance of cannabis use associated with increased legalization. (Kerr
etal., 2017; Parnes et al., 2018; Wen et al., 2019) Interestingly, 14% and 21% of college
students in the present study within this blunt and cannabis use class transitioned to the non-
use class from baseline to one-year and from one-year to three-year follow-ups, suggesting
decreases in use behavior. Additionally, 24% of students in the blunt and cannabis use class
at baseline transitioned to non-use at the three-year follow-up. Students who transitioned
from the blunt and cannabis only to the non-use class may represent experimental users or
occasional users who may use cannabis in the context of a social gathering. A recent study
found college students who do not use daily were more likely to use cannabis in a social
context. (Phillips et al., 2018) More research should focus on students who remained in the
blunt and cannabis use class, to determine, for example, what proportion of these students
meet the criteria for a DSM-IV cannabis dependence diagnosis as well as the long-term
health outcomes tied to separate cannabis use and co-administration.

The “concurrent and co-administration use” class was the smallest of the four classes
(8.9% three-year follow up to 10.1% at baseline). This class had a high probability of
concurrent past 30-day cannabis and cigarette use as well as past 6-month co-administration
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of blunts and spliffs. These findings build on previous research that shows high probabilities
of concurrent use and extend this research by showing that co-administration often co-
occurs with tobacco use. (Haardorfer et al., 2016; Evans-Polce et al., 2016; Bin et al.,

2015) Compared to their peers who may be experimenting, students who remained in the
concurrent and co-administration class throughout the three years of this study represent

the most at-risk for negative health outcomes. Concurrent cigarette and cannabis use has
been associated with short-term health issues such as poor lung functioning (Correa et al.,
2020; Taylor et al., 2002) and increased dependence on nicotine (Patton et al., 2005; Seaman
et al., 2020) but more research is needed to examine long term health outcomes such as
cancer, stroke, and heart disease that has been linked with individual use of cigarettes and
cannabis. (Rumalla et al., 2016; Franz and Frishman, 2016; CDC’s Office on Smoking and
Health. Smoking and Tobacco Use; Health Effects. Published, 2018) Further, we found 3%
of students within the blunt and cannabis use class transitioned to this class during both
transition occasions and from baseline to three-year follow-up. This transition pattern may
be explained by the fact that blunt users, which students in the cannabis use class had a

high probability of being, are exposed to nicotine (Peters et al., 2016) and thus may be more
likely to transition to using spliffs or cigarettes compared to their peers. Past research has
found early exposure to cannabis is associated with tobacco use in college and adulthood.
(Reboussin et al., 2021) Further research is needed to better understand the role of blunt use
in predicting transitions to tobacco from cannabis use among young adult college students.
Public health interventionists on college campuses could then tailor interventions to those
who are at greater risk of tobacco use based on how they use cannabis.

An important finding of our study was the consistency of class membership, indicating
college student cannabis and tobacco use patterns are stable, not only from one semester

to the next (Bin et al., 2015) but across three years. Previous studies of substance use,

other than cannabis and tobacco, among young adult college students similarly have found
stable use patterns over time. For example, research by Cleveland et al., (2012) (Cleveland
et al., 2012) found high stability of heavy alcohol use from the summer prior to beginning
college and the fall semester of college. Similarly, Lanza and colleagues (2010) (Lanza et
al., 2010) found high stability of membership in both binge drinking and binge drinking
and cannabis use latent classes among first-year college students from the fall of 2007

to spring of 2008. Considering previous research and our findings together, most college
students will be non-users of tobacco or cannabis products, but for those that do use, the use
behaviors tend to be consistent over time, suggesting the need for early intervention prior to
the establishment of use.

4.1. Limitations

While this study offers meaningful insights into cannabis and tobacco co-use among young
adult college students, it is not without limitations. This study used a convenience sample of
participants from colleges and universities within the state of Texas and the findings may not
be generalizable to students from other states, particularly states with legal recreational
cannabis. Despite this limitation, our study is the first to examine latent classes with
measures of both concurrent and co-administration. More research is needed on concurrent
use and co-administration of cannabis with tobacco among young adults in states with legal
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cannabis as a wider variety of cannabis products may be available and used differently

in these states. Another limitation is the measurements of current marijuana and tobacco
product use within the past 30-days while the co-administration questions asked students

to recall their use within the past 6-months. It is possible that measuring co-administration
within the past 30-days rather than 6-months could change the latent classes discovered

as the number of individuals engaging in co-administration use behaviors would likely
decrease. Additionally, previous studies have used measures of past 30-day use (Reboussin
etal., 2021; Cohn et al., 2019) which may make comparisons of findings less meaningful.
Despite these limitations, the general findings of a low or no use and a high use class, with
classes characterized by a mixture of use in between, correspond with previous research and
expand these findings with the additional finding of a class characterized by concurrent and
co-administration of cannabis and tobacco.

4.2. Summary and implications

This study builds upon prior research by examining latent classes with a unique combination
of past 6-month co-administration and separate past 30-day use of cannabis and tobacco
over three years. We found four distinct classes of use behavior among college students
including a non-use class, a class with low probabilities of any specific tobacco product,
cannabis, or co-administration method, a class with high probability of cannabis and blunt
use, and a class with high probability of cigarette, cannabis, blunt, and spliff use. It is
important to note that classes with high probability of past 30-day cannabis use had high
probabilities of co-administration supporting previous findings that many college students
who use cannabis are exposed to nicotine through co-administration of cannabis with
tobacco products. Class membership was stable across the three years indicating a need
for cannabis and tobacco prevention programs to target individuals as they enter or prior
to college, as suggested by previous researchers. (Bin et al., 2015) Public health advocates
on college campuses should consider cannabis and tobacco use as a constellation of use
behaviors and educate their students of the health consequences of co-use.
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Initial class membership probabilities by cannabis and tobacco use behaviors, estimated during wave two of

project M—PACT, among young adult college students in Texas (n = 4,448).

Non-use (57.8%; n = General use(18.9%; n  Blunt and Cannabisuse Concurrent and Co-
2,572) = 840) (13.2%; n = 585) administration use (10.1%; n =
451)

Useitems

Cigarettes 0 0.42 0.07 0.74

ENDS 0 0.27 0.09 0.44

Cigar 0.01 0.11 0.04 0.26

Smokeless 0 0.06 0 0.11

Hookah 0.01 0.24 0.09 0.34

Spliff 0 0.08 0.30 0.65

Cannabis & ENDS 0.01 0.12 0.37 0.52

Blunts 0.01 0.02 0.57 0.68

Cannabis & Hookah  0.01 0.11 0.09 0.21

Cannabis 0.02 0.12 0.82 0.92

Note: There were two students who had missing information for sex, one student in the non-use and another in the marijuana use group. Latent
class categories were named based on the distribution of probabilities by use items to best characterize each latent class.
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