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Abstract

Background: This study examined the role of depressive symptoms on trajectories of electronic
nicotine delivery systems (ENDS), cigarette, and cannabis use across 4.5 years in a sample of
college students aged 18-19 at the initial study wave.

Methods: Participants were 2,264 students enrolled in one of 24 Texas colleges that participated
in a multi-wave study between 2014 and 2019. Latent growth mixture models were fit to identify
longitudinal trajectories for past 30-day ENDS, cigarette, and cannabis use over a 4.5-year period.
Class membership was regressed on baseline depressive symptoms in multinomial regression
models.

Results: Four trajectory classes were identified for each product: abstainer/minimal, decreasing,
increasing, and high. Depressive symptoms were associated with a greater likelihood of belonging
to the decreasing, increasing, and high trajectory classes relative to the abstainer/minimal class for
all products, with the exception of the increasing ENDS class and the decreasing cannabis class.

Discussion: The findings demonstrate that there is considerable similarity across trajectories
of ENDS, cigarette, and cannabis use during traditional collegiate years. Furthermore, depressive
symptoms increased the likelihood of belonging to substance using trajectory classes for all
products.
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1. Introduction

The role of depression in cigarette smoking and cannabis use has been well studied over
several decades (Fluharty et al., 2017; Gorfinkel et al., 2020). The recent emergence of
electronic delivery systems (ENDS) presents a new area for exploration between nicotine
and depression. Cigarette use has been declining in recent years and is at a historically low
point among young adults in contrast to ENDS and cannabis use, which are at historically
high levels among young adults (Patrick et al., 2021). Emerging literature indicates that the
relationship between depressive symptoms and the use of ENDS products is likely to be
similar to the relationship between depressive symptoms and cigarette smoking (Bandiera
etal., 2017). However, there are relatively few longitudinal studies of ENDS, cigarette,

and cannabis use in the contemporary landscape and fewer have examined the role of
depressive symptoms with respect to trajectories of use among young adults. The present
study investigates the relationship between depressive symptoms and trajectories of ENDS,
cigarette, and cannabis use among participants aged 18 to 19 at the study initiation and 22 to
23 at the study completion.

Patterns of cigarette smoking are established during adolescence and young adulthood,
beginning with experimentation, leading to regular use and dependence (National Center
for Chronic Disease Control, 2015). These patterns have been characterized by distinct
trajectories using analytic techniques such as latent growth mixture modeling (LGMM,;
Muthén & Muthén, 2000). A recent systematic review of cigarette smoking trajectories

that began in adolescence identified the three most common trajectories as low stable,
increasing, and other (Ahun et al., 2020). Examining cigarette use trajectories during college
years, two patterns consistently emerge: an abstainer/minimal and a high use class (Caldeira
etal., 2012; Hair et al., 2017; Lenk et al., 2018). Other trajectories in these studies are

more variable. One study reported an increasing and decreasing class (Caldeira et al.,

2012); another reported a dabbler class (Hair et al., 2017); and a third reported occasional,
decreasing, and late regular classes (Lenk et al., 2018). In studies that examined both
cigarettes and cannabis, trajectories for the two substances were similar across adolescence
and colligate years. An abstainer and heavy class were consistently present in college-aged
individuals (Arria et al., 2016; Caldeira et al., 2012; Jackson et al., 2008, Nelson et al.,
2015) and a cannabis only sample (Suerken et al., 2016). In addition, each of these models
contained at least one trajectory that could be characterized as increasing and decreasing.

There is little work on longitudinal trajectories of ENDS use in contrast to cigarettes and
cannabis use. Moreover, existing research has focused on trajectories of ENDS use in
adolescence. Harrell et al. (2021) identified non-users, early escalators, mid escalators, and
late escalators in 11-19-year-olds. Park et al. (2020) identified never, low and increasing,
and high and increasing trajectories among 13- to 17-year-olds whereas Westling et al.
(2017) identified infrequent/no use and accelerated ENDS use trajectories in 14- to 15-year-
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olds. Lanza et al. (2020) identified non-users, infrequent users, moderate users, young
adult-onset frequent users, and adolescent-onset escalating frequent ENDS users in a sample
followed from 11th grade to one year past high school. The existing ENDS trajectory
literature thus identifies a low/non-user class and an increasing class in each study spanning
ages 11 to 20. Understanding ENDS use trajectories in young adulthood, the developmental
period in which regular tobacco use and tobacco dependence are typically established
(National Center for Chronic Disease Control, 2015), is an important extension of the extant
literature.

Depression has been associated with cigarette, cannabis, and ENDS use. A review of
adolescent cigarette smoking trajectories indicates that depressive symptoms are consistently
associated with problematic cigarette use trajectories (Ahun et al., 2020). Studies that
investigated the relationship between depressive symptoms and cannabis trajectories are
mixed (Scheier & Griffin, 2021) with some studies reporting no associations with depression
(Flory et al., 2004; Windle & Wiesner, 2004) and others reporting depression and cannabis
trajectory associations (Brook et al., 2011; Thompson et al., 2018). The emerging literature
examining the relationship between ENDS use and depression (Bandiera et al., 2017)
suggests similarities with the extensive cigarette literature, though, to date, no studies have
examined the role of depressive symptoms in longitudinal trajectories of ENDS use.

The present study seeks to identify longitudinal trajectories of past 30-day ENDS, cigarette,
and cannabis use in a sample of college students and to determine the influence of
antecedent depressive symptoms in predicting trajectory class membership. We hypothesized
that low, high, increasing, and decreasing classes would emerge in each of the ENDS,
cigarette, and cannabis use models, the four most common substance use trajectories in

the extant literature (Sher et al., 2011). The four patterns have been observed in cigarette
and cannabis studies using college-aged samples. With the exception of the decreasing
class, these trajectories have been observed in ENDS as well, however, we believe that

this exception is because the age range of existing ENDS trajectory models peaks at 20,
which is approximately the age at which we would expect a decreasing class to emerge. We
also hypothesized that baseline depressive symptoms would be associated with membership
in classes exhibiting any substantive substance use relative to the low use class, based on
the self-medication model (Gehricke et al., 2007), which indicates that substances such as
ENDS, cigarettes, and cannabis, are used to cope with negative affect (Buckner et al., 2007).

Material & methods

Participants

Participants were drawn from the Marketing and Promotions across Colleges in Texas
project (Project M-PACT), a sample of 5,482 18- to 29-year-old students at wave one. The
wide initial age range precluded using age as the time metric because participants could not
contribute to the full age range. We thus used the study wave as the time axis in models

but limited the sample to participants under twenty, resulting in a total of 2,264 participants
in the present analysis. Socio-demographic characteristics of the participants are reported in
Table 1.
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2.2. Procedure

Project M-PACT is a tobacco use surveillance study that recruited undergraduate students
from 24 colleges in five counties surrounding Austin, Dallas/Fort Worth, Houston, and San
Antonio. Participants were recruited in fall 2014 and followed until spring 2019. Student
email addresses were obtained through open records requests or colleges emailed invitations
through colleges’ internal communication channel. See Creamer et al. (2018) for a detailed
description of project M-PACT methodology. Possession, sale, and cultivation of cannabis
are criminal offenses in Texas. All study participants were of legal age to purchase and

use tobacco products during the duration of the study in the above-noted municipalities
with the exception of San Antonio where the legal purchase age of tobacco increased to 21
in October 2018. Eligible students were 18-29 years old at wave one, enrolled in college

at least part-time, and were degree- or certificate-seeking at a two- or four-year college.
Initially, 13,714 students were eligible to participate in the study, of which, 5,482 students
(40%) both provided informed consent and completed the initial survey, a rate consistent
with typical rates obtained in research using online surveys (Wu et al., 2022). Among the
2,264 participants included in at least one of the models, retention rates ranged from 82.3%
(spring 2016) to 69.7% (spring 2019). Online data collection took place every six months
between fall 2014 and spring 2017, then annually until spring 2019.

2.3. Measures

2.3.1. Outcome variables

2.3.1.1. Past 30-Day ENDS Use.: At all eight waves, respondents reported past 30-day
ENDS use (i.e., 0 to 30 days) in a manner consistent with nationally representative surveys
(e.g., PATH, 2023). Examples of ENDS products were revised throughout the study to
reflect the changing landscape of products; initial examples included e-cigarettes, vape pens,
and e-hookahs, and the final two waves added JUUL/pod vape and mods. The number of
days was log transformed so that log-transformed values ranged from 0 to 3.4.

23.1.2. Past 30-Day Cigarette Use.: At all eight waves, respondents reported past 30-day
cigarette use. The number of days that cigarettes were used was log-transformed in the same
manner described above for ENDS products.

2.3.1.3. Past 30-Day Cannabis Use.: At all eight waves, participants reported how many

times they had used marijuana, a question consistent with nationally representative surveys

(e.g., Monitoring the Future, 2023). Response options included the following seven choices:
0, 1-2, 3-5, 6-9, 10-19, 20-39, and 40 or more times.

2.3.2. Predictor variables

2.3.2.1. Depressive Symptoms.: The 10 item Center for Epidemiological Studies-
Depression-10 Scale short form (Andresen et al., 1994) assessed depressive symptoms
(e.g., depressed affect) at baseline only. Respondents reported the frequency of depressive
symptoms within the past week, ranging from 0 “Rarely (<1 Day)” to 3 “Most of the time
(5-7 Days).” Two items that pertained to feeling happy or hopeful were reverse coded. The
ten items were summed and transformed to zscores.
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2.3.2.2. Socio-Demographics..: The following four socio-demographic variables were

covariates in models: sex (0 = female/1 = male), race/ethnicity (dummy-coded for Hispanic/
Latino, African American, Asian, and other ancestry with European ancestry as the
reference category), type of college attended (0 = two-year/1 = four-year), and age. Each

of these variables were assessed at baseline.

2.3.2.3. Past 2-week binge drinking.: Participants reported the number of days in the past
two weeks on which they had five or more drinks of alcohol in a row, with the following
response options: 0, 1 or 2, 3to0 5, 6 to 9, and 10 to 14 days, which were assigned values 0 to
4.

2.4. Analyses

Models for each of the three outcomes were developed in two stages: a) a series of LGMMSs
that differed only in the number of latent classes were fit to establish trajectory models

of ENDS, cigarette, and cannabis use, and b) the latent class memberships established in
the first step were regressed on covariates using the three-step maximum likelihood (ML)
approach (Bakk et al., 2013; Vermunt, 2010). All models were fit using ML estimation
with robust standard errors in Mplus, version 8.6 (Muthén & Muthén, 2017), which is an
optimal technique for fitting models in the presence of missing data (Graham, 2009). We
evaluated the relationship between study retention and the variables included in models
by regressing the number of waves that participants contributed to data set on baseline
measures of variables. Depressive symptoms were not associated with number of waves;
significant negative effects were observed for being male, ENDS, cigarettes, cannabis, and
binge drinking; significant positive effects were observed for Asian ancestry (relative to
European ancestry) and attending a four-year college. Model R? values were small effect
sizes (Cohen, 1988), with a maximum R2 = .016 (race/ethnicity).

Models for ENDS, cigarettes, and cannabis use were fit using latent variables that
represented the model’s intercept, a linear slope, and a quadratic slope. Time was measured
in years in which each full unit of time represents one year. The intercept represents the
status at the baseline assessment. In each model, parameters were fixed to zero for one
class to force a class of participants who abstained or nearly abstained. In addition, random
effects were fixed at zero for the linear and quadratic slopes due to convergence issues that
precluded systematic model comparisons.

To assess the best number of trajectory classes, we fit a series of models for each outcome
that ranged from one to six classes. Models were compared using analytic and theoretical
tools to determine the optimal number of trajectory classes. Our initial evaluation of model
fit was assessed using plots of the Bayesian information criterion (BIC) to evaluate the rate
of decline in BIC values as the number of classes increased. Next, we identified models
with potentially redundant trajectories (e.g., two parallel increasing trajectories). Finally,
classification accuracy was evaluated using entropy (>.80; Clark & Muthén, 2009) and
average within-class probabilities (>.80; Geiser, 2012).

After establishing a LGMM for each of the three products, the class membership from
the LGMMs developed in the first stage was regressed on variables using the three-step
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maximum likelihood (ML) approach. In the first step, trajectory classes were determined

as described above. In the second step, a class was estimated for each participant. In

the third step, class membership was regressed on independent variables in a multinomial
regression model with a correction for classification error. The independent variables were
baseline depressive symptoms, binge drinking, and socio-demographic variables, including
participant’s biological sex, age at baseline, four- v. two-year college status, and race, coded
using dummy variables for African ancestry, Asian ancestry, Hispanic ancestry, and other
ancestry.

3. Results

In evaluating our first hypothesis that low, high, increasing, and decreasing classes would
emerge in each of the ENDS, cigarette, and cannabis use models, we observed more gradual
decreases in BIC values in models with four or more classes. In addition, we favored
four-class models given their ubiquity in the substance use latent trajectory model literature
(Sher et al., 2011) and because additional classes tended to be redundant with existing
classes (e.g., multiple increasing classes). We ultimately selected four-class models for each
product. Entropy was excellent for the ENDS, cigarette, and cannabis use models (.96, .98,
and .96 respectively) as were average probabilities for most likely latent class membership
(.93-.99, .96-.99, and .94-.99 respectively). We characterized the four classes as: abstainer/
minimal, decreasing, increasing, and high. As shown in Fig. 1, the abstainer/minimal ENDS
class accounted for 85.1% of the sample; the other three classes accounted for 3.4% to 5.9%
of the sample. As shown in Fig. 2, the abstainer/minimal cigarette class accounted for 85.5%
of the sample; the other three classes accounted for 4.0% to 6.4% of the sample. As shown
in Fig. 3, the abstainer/minimal cannabis class accounted for 83.2% of the sample; the other
three classes accounted for 4.4% to 7.5% of the sample.

While we assigned the hypothesized labels to the classes that they best represented in each
model, it is important to note that in spite of the general consistency across the products,
there are also important differences. The abstainer/minimal and decreasing trajectories were
very similar across the models. The increasing ENDS trajectory exhibited an escalation that
accelerated during the final two years of the study in contrast to cigarettes and cannabis that
both tapered off after a peak near the two-year point of the study. The high ENDS trajectory
escalated across the study in contrast to both the cigarette and cannabis classes that exhibited
a mild decrease in use.

Model results that assess our second hypothesis are presented in Table 2: baseline depressive
symptoms will predict trajectory classes. Baseline depressive symptoms significantly
predicted belonging to the decreasing, increasing, and high trajectory classes relative to

the abstainer/minimal class in all models with the exception of the ENDS increasing
trajectory and the cannabis decreasing trajectory. Baseline binge drinking was a significant
predictor of belonging to decreasing, increasing, and high trajectory classes relative to the
abstainer/minimal class for ENDS, cigarettes, and cannabis. Among the socio-demographic
variables, males were more likely to belong to the decreasing, increasing, and high
trajectory classes than to the abstainer/minimal classes, with the exception of the increasing
cannabis trajectory. Asian ancestry, relative to European ancestry, negatively predicted
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belonging to decreasing, increasing, and high trajectories with the exception of the cigarette
decreasing and the ENDS increasing and high trajectories. Hispanic ancestry, relative to
European ancestry, predicted decreasing ENDS and cigarette trajectories and negatively
predicted increasing and high ENDS trajectories. Participants of African ancestry, relative to
participants of European ancestry, were less likely to belong the increasing ENDS trajectory.

4. Discussion

The ENDS use model in a college-aged sample is the primary contribution of the present
study, which extends the extant ENDS trajectory literature based on adolescents, aged 11- to
20-year-olds (Harrell et al., 2021; Lanza et al., 2020; Park et al., 2020; Westling et al., 2017)
into young adulthood. The four trajectories observed in the present study are common to a
wide range of substance use trajectories in young adulthood (Sher et al., 2011). However, the
ENDS decreasing trajectory is unique and may reflect a class of college-aged students who
‘mature out’ of ENDS use in young adulthood (Loukas et al., 2019; Waddell et al., 2022).

The ENDS use model showed some key differences from the cigarette and cannabis use
models, particularly in the increasing and high ENDS use classes that exhibited increases
in the final two years. In contrast, the increasing and high classes in cigarette and cannabis
models exhibited tapered use in the final two years, consistent with research indicating that
substance use declines as young adults increase in age (Chen et al., 2001). These patterns
coincide with a time in which cigarette use is at an all-time low (Patrick et al., 2021),
ENDS products are establishing a strong foothold, cannabis legalization is increasing, and
both legal and illegal consumption of tobacco and cannabis are increasingly being used

in ENDS products. The escalation in the increasing and high ENDS trajectories in 2018
and 2019 coincided with the introduction of vape pods to the market, which could explain
increased ENDS usage (Loukas et al., 2022) and decreased cigarettes use as cigarette users
transitioned to ENDS products. Additionally, in this time period, cannabis use by college
students increased in ENDS products (Hinds et al., 2022).

There are many unique stressors that increase risk for substance use during the traditional
colligate years, including the transition from family support systems to independent living,
increased academic pressures, and new personal and social challenges (Tosevski et al.,
2010). The results of the present study extend the extant literature by demonstrating

that depressive symptoms in early collegiate years are associated with long term tobacco
and cannabis use patterns (Ahun et al., 2020; Scheier & Griffin, 2021). The stressors
associated with this developmental stage potentially increase college students’ vulnerability
to depression and substance use, and, combined with increased autonomy, provide an
opportunity for self-medication of depressive symptoms with nicotine and cannabis
(Fluharty et al., 2017; Weinberger et al., 2017).

The present findings have two important implications for clinical practice and interventions.
First, the parallels across the models indicate that existing cigarette interventions are viably
applicable to cannabis and ENDS use. For example, meta-analytic findings indicate that the
addition of psychosocial mood management to smoking cessation programs increases the
programs’ efficacy (van der Meer et al., 2013). Second, assessing nicotine and cannabis
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use history in clinical applications and interventions establishes a longitudinal pattern

that is important for understanding whether users are in an increasing, decreasing, or in
steady pattern of use. This information is particularly informative in understanding whether
individuals are in an aging-out developmental pattern (Waddell et al., 2022) or potentially on
a longer trajectory that would extend tobacco and cannabis use beyond the collegiate years.

The study has limitations that should be considered in evaluating its implications. First,
participants were college students in Texas, which limits the generalizability of findings

to non-college students and young adults outside of Texas, in particular to states in which
cannabis is legal. Second, the primary outcomes measured only past 30-day use, which

is a shorter period than the intervals between study waves, leaving substance use quantity
unknown for the periods not captured by past 30-day use. Third, the covariates were limited
to the baseline assessment in order to ensure that they temporally preceded the outcomes that
were discrete trajectory classes that represented the entire time span of the study and thus do
not assess time-varying changes in substance use attributable to depressive symptoms.

5. Conclusions

We found that the trajectories of ENDS use across traditional colligate years were similar to
trajectories of cigarette and cannabis use. There were low, high, increasing, and decreasing
use trajectories for all three substances. Notable differences in the trajectories indicate that
increasing and high ENDS trajectories exhibited an uptick in use between 2017 and 2019
in contrast to cigarettes and cannabis that exhibited tapering during that period. Although
there was no significant association between depressive symptoms and the increasing
ENDS use trajectory, depressive symptoms were predictive of the decreasing and high
ENDS trajectories, indicating that established associations between depressive symptoms
and cigarette and cannabis use are also present in ENDS users.
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Sample characteristics.

Table 1

Characteristic

Mean (SD)/% (n)

Baseline depressive symptoms ~ 7.97 (5.41)

Baseline age
Four-year college
Male

Ancestry
European
Hispanic

African

Asian

Other

19.03 (0.51)
92.7% (2099)
36.8% (834)

31.5% (713)
33.3% (755)
7.5% (169)
20.1% (454)
7.6% (173)
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Multinomial logistic regression odds ratios of categorical latent variable regressed on covariates using the 3-
step procedure from the ENDS, cigarette, and cannabis models.

Group Parameter ENDSOR (95%Cl) Cigarette OR (95%CI) CannabisOR (95%Cl)
Decreasing  Depressive symptoms 1.52 (1.25, 1.85) 1.47 (1.22, 1.76) 1.20 (0.95, 1.51)
Male 2.22 (1.48, 3.32) 2.09 (1.42, 3.07) 2.01 (1.26, 3.21)
Hispanic ancestry 1.66 (1.0, 2.72) 1.59 (1.01, 2.50) 0.74 (0.42, 1.31)
African ancestry 1.58 (0.71, 3.51) 0.50 (0.17, 1.51) 1.38 (0.60, 3.20)
Asian ancestry 0.37 (0.15, 0.91) 0.65 (0.35, 1.21) 0.42 (0.20, 0.88)
Other ancestry 1.90 (0.88, 4.08) 1.20 (0.55, 2.62) 0.60 (0.19, 1.89)
Four-year college 0.89 (0.45, 1.78) 1.08 (0.52, 2.25) 4.52 (0.62, 32.88)
Baseline binge drinking  2.31 (1.87, 2.85) 2.65 (2.18,3.23) 3.42 (2.69, 4.35)
Increasing  Depressive symptoms 1.15(0.94, 1.41) 1.63 (1.33, 1.99) 1.52 (1.27,1.83)
Male 2.00 (1.33, 2.98) 2.22 (1.42, 3.46) 1.42 (0.98, 2.06)
Hispanic ancestry 0.44 (0.26, 0.74) 0.79 (0.47,1.33) 0.97 (0.63, 1.50)
African ancestry 0.14 (0.02, 0.90) 0.47 (0.16, 1.39) 1.59 (0.83, 3.02)
Asian ancestry 0.58 (0.33, 1.01) 0.30 (0.13, 0.70) 0.42 (0.22, 0.79)
Other ancestry 0.97 (0.47, 1.99) 1.05 (0.46, 2.41) 1.20 (0.61, 2.39)
Four-year college 1.46 (0.55, 3.90) 1.06 (0.43, 2.58) 0.70 (0.38, 1.28)
Baseline binge drinking  1.85 (1.42, 2.41) 1.85(1.43, 2.40) 1.76 (1.35, 2.29)
High Depressive symptoms 1.33 (1.05, 1.67) 1.74 (1.40, 2.16) 1.47(1.22,1.77)

Male

Hispanic ancestry
African ancestry
Asian ancestry
Other ancestry
Four-year college

Baseline binge drinking

2.94 (1.79, 4.83)
0.37 (0.19, 0.73)
052 (0.17, 1.63)
053 (0.27, 1.06)
0.77 (0.29, 2.08)
0.72 (0.29, 1.81)
1.92 (1.48, 2.49)

2.31 (147, 3.63)
0.83 (0.51, 1.37)
0.33 (0.09, 1.18)
0.30 (0.14, 0.65)
0.65 (0.25, 1.68)
1.32 (0.50, 3.51)
2.24 (181, 2.77)

2.02 (1.32, 3.08)
0.76 (0.47, 1.22)
0.48 (0.16, 1.45)
0.22 (0.10, 0.52)
0.68 (0.28, 1.63)
0.88 (0.40, 1.96)
2.46 (1.98, 3.06)

Note. For each model, the abstainer/minimal group is the reference group. Thus, odds ratios reflect increased odds of membership in the

decreasing, increasing, and high groups relative to the abstainer/minimal group.
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