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Abstract

E-cigarettes have dramatically increased in popularity among youth. Coincident with expanded
legalization, young adults’ use of cannabis (marijuana) has also steadily increased in recent years.
Use of tobacco products can increase the chances of later cannabis initiation among youth.
However, most longitudinal investigations of tobacco and cannabis use patterns have focused on
tobacco cigarettes, included adolescents as opposed to young adults, and have only employed two
timepoints. The current study examined prospective associations between e-cigarette and cannabis
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use in a large, diverse college sample assessed over four timepoints (freshman — senior year; NV =
4,670). E-cigarette use and cannabis use were modelled in a four-wave cross-lagged model. The
results showed significant bidirectional associations between both substances, even after
controlling for time-varying levels of depressive symptoms, alcohol use, and polysubstance use,
sensation seeking, demographic variables, concurrent associations and previous levels of use.
Moreover, the significance of the predictive path from e-cigarette use to later cannabis use
remained unchanged when we ran the same model, but restricted the sample to e-cigarette-only
users (i.e., never cigarette smokers), whereas only one prospective path from cannabis to e-
cigarette use was significant in this subsample. The current findings suggest that the association of
e-cigarette use and cannabis use is likely bidirectional, with stronger support for the link from e-
cigarette use to later cannabis use, above and beyond cigarette use. As e-cigarettes gain further
hold of the tobacco product market share and cannabis legalization continues to expand, data such
as these will be critical for informing regulatory decisions for e-cigarettes and cannabis,
particularly involving their accessibility to youth and young adults.
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1. Introduction

Electronic cigarettes (e-cigarettes) are a broad class of products that enable users to inhale
an aerosol (or “vapor”) that often contains nicotine, flavorants, and other constituents
(Breland et al., 2014). E-cigarettes are one of the most polarizing issues in public health.
Though e-cigarettes show some promise as a cessation aid and appear to be less harmful
than combustible forms of tobacco by some metrics, there is uncertainty regarding the long-
term harms of these products (National Academies of Sciences and Medicine, 2018).
Moreover, e-cigarettes have become extremely popular among youth (Cullen et al., 2018),
including among those who had never used tobacco products (Bunnell et al., 2015), and a
growing body of evidence suggests that adolescents and young adults who use e-cigarettes
are more likely to begin smoking tobacco cigarettes (Barrington-Trimis et al., 2016; Berry et
al., 2019; Leventhal et al., 2015; Soneji et al., 2017; Spindle et al., 2017; Watkins et al.,
2018; Wills et al., 2017).

In parallel with the rise in popularity of e-cigarettes, cannabis (marijuana) legalization has
expanded across the U.S. Indeed, as of this writing, 34 U.S. states permit cannabis use for
medicinal purposes while 11 states allow for non-medicinal (i.e., “recreational’””) cannabis
use. Beyond traditional instruments used to smoke cannabis (e.g., joints, blunts, bowls, etc.),
cannabis vaporizers that are functionally similar to e-cigarettes have emerged that aerosolize
cannabis plant material or concentrated cannabis extracts for user inhalation (Spindle, Bonn-
Miller, & Vandrey, 2019). Notably, the recent expansion in cannabis legalization has
coincided with an increase in cannabis use rates among young adults (McCance-Katz,
2018), which is concerning for myriad reasons. For instance, young adults often engage in
risky cannabis-related behaviors such as driving while intoxicated and are prone to use
cannabis products high in A-9-tetrahydrocannabinol (THC), the primary psychoactive
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constituent of cannabis that can foster dependence and produce other negative effects (e.g.,
acute impairment of cognitive functioning and motor skills; Huestis, 2007; Montoya and
Weiss, 2018).

Understanding the relationship between e-cigarette use and cannabis use among young
adults is key to discerning the net public health effects of each individual product and for
informing decisions regarding their accessibility. Of particular importance is elucidating
tobacco and cannabis associations among college students, as these individuals use cannabis
at higher rates than their age-similar counterparts who are not in college (McCance-Katz,
2018). Numerous cross-sectional studies have demonstrated that young adults who use
tobacco products (including e-cigarettes) are far more likely to use cannabis compared to
non-tobacco users (Cohn et al., 2015; Ramo et al., 2012; Richter et al., 2004; Schauer et al.,
2017). Concurrent use of cannabis and tobacco/nicotine can increase dependence and make
cessation more difficult for each substance (Peters et al., 2012), and is associated with
increased risk taking and greater psychosocial problems among youth, compared with the
use of either substance alone (Pulvers et al., 2018). Though informative, these cross-
sectional studies are unable to shed light on whether tobacco product use facilitates
subsequent initiation of cannabis, or vice versa.

Several longitudinal studies have demonstrated that the use of tobacco/nicotine or cannabis
increases the chances of uptake of the other substance, but the majority of these studies have
focused on tobacco cigarettes (Ramo et al., 2012). Overall, the few prior longitudinal
investigations of e-cigarette and cannabis use trajectories have shown that e-cigarette use
predicts later initiation of cannabis (Dai et al., 2018; Silveira et al., 2018; Unger et al.,
2016). For example, e-cigarette use among previously nicotine and cannabis-naive
adolescents in the Population Assessment of Tobacco and Health (PATH) survey
significantly increased these individuals’ odds of having initiated cannabis use one year later
(Dai et al., 2018; Silveira et al., 2018). Importantly, however, extant longitudinal e-cigarette
and cannabis use studies have been limited by the inclusion of only adolescents (under age
18), examination of only 2 time points (e.g., baseline and one-year follow-up; Dai et al.,
2018; Silveira et al., 2018), and in some cases, non-diverse samples (e.g., only Hispanic
youth; Lozano et al., 2017; Unger et al., 2016). Assessing e-cigarette and cannabis use for
more than 2 timepoints would facilitate exploration of bi-directional associations between
these two substances, which ultimately could improve interventions intended to deter
initiation and escalation of each substance among adolescents and young adults. Should e-
cigarette use also increase risk of cannabis initiation in young adults, policies may need to
be implemented to reduce e-cigarette accessibility among this age group (e.g., increasing the
minimum purchasing age for all tobacco products).

The present study sought to extend prior research by examining whether e-cigarette use
leads to cannabis use in a large, ethnically-diverse sample of young adult college students,
followed for a total of 4 years (i.e., from their freshman to senior years). Studying transition
behaviors for this length of time allows for more nuanced exploration of bi-directional
associations between cannabis and nicotine than has been possible in prior studies which
only included 2 assessment time points. That is, we could better determine in this study
whether initiation of one product was more strongly associated with the other.
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Using a complex four-wave cross-lagged model with time-dependent and time-varying
covariates, our goal was to isolate the hypothesized prospective effects of e-cigarettes on
cannabis and vice versa. Moreover, we also assessed whether e-cigarette use was
prospectively associated with subsequent cannabis use among individuals who were not
cigarette smokers in order to determine whether the use of e-cigarettes alone, as opposed to
multiple tobacco products, would confer risk for later use of cannabis.

We had the following research question:
Does e-cigarette use lead to cannabis use?
We have developed the following hypotheses:
Hypothesis 1: E-cigarette use will be prospectively associated with higher cannabis use.
Hypothesis 2: E-cigarette use will be uniquely associated with higher cannabis use even
when controlling for cigarette use.

2. Method

2.1. Sample

The Spit for Science (S4S) project is an ongoing, longitudinal, university-wide project at a
large, urban university focused on genetic and environmental influences on college students’
substance use and behavioral health outcomes (Dick et al., 2014). S4S invites incoming
students aged 18 or older to participate in an online survey at the beginning of the fall
semester of their freshman year and provide a saliva sample for genotyping. Participants
subsequently complete a follow-up online survey each spring while attending college. Data
collection for S4S began in the fall of 2011, and five cohorts of incoming freshman students
have been enrolled in the study (incoming students in 2011-2014 and 2017). Study data
were collected and managed using REDCap (Research Electronic Data Capture) electronic
data capture tools (Harris et al., 2009). The full S4S sample consists of over 12,000
participants assessed at baseline, with 48.70% who completed the survey in year 2, 38.62%
completed the survey in year 3, and 30.25% completed the survey in year 4. The sample size
for the present study was narrowed down using the following inclusion criteria: given that
the baseline measure of e-cigarette use (freshman fall assessment) was only available for
cohort 4, we decided to use freshman spring assessment, assessed among cohorts 3 and 4, as
a baseline to maximize the number of timepoints and the available sample. In total, we used
four timepoints: freshman spring (Y1), sophomore spring (Y2), junior spring (Y3), and
senior spring (Y4), with time-invariant covariates assessed at baseline — freshman fall (YO0).
The final analytic sample was /= 4,670 at Y1 spring. Our sample was similar to the overall
university population: 49% White, 17% Black/African American, 13% Asian, 8% Hispanic,
13% other, majority female and mostly between the ages of 18-24 (U.S. Department of
Education, 2018). Looking at attrition across time using logistic regression predicting
completion status, we found that females were statistically significantly more likely than
males to remain in the study (across all timepoints). Further, as compared to White
participants, Black participants were more likely to complete (across all timepoints), Asian
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participants were more likely to complete at Y2, Y3, and Y4, and Hispanic were more likely
to complete at Y3 and Y4.

Measures

2.1.1. E-cigarette use (assessed Y1, Y2, Y3, Y4).—Participants were first asked a
question related to how many e-cigarettes they used in their lifetime with the following
options: 0 = none, 1 =1-9, 2 = 10-99, 3 = 100-200, 4 = more than 200. Then, participants
who indicated ever using e-cigarettes (answers 1-4) were asked about the number of days
they used e-cigarettes in the past month, with the following options: 0 = I didn’t use e-
cigarettes in the past month, 1 = once or twice, 2 = a few days (3 to four days a month), 3 =
a couple of days a week (5 to 11 days a month), 4 = three times a week (12 to 14 days a
month), 5 = most days of the week (15 to 25 days a month), 6 = daily or almost daily (26 to
30 days a month). Because our main interest was in ever use of e-cigarettes, we decided to
combine the two items (i.e., ever and past-month use) as using only the past month measure
would have limited the sample to individuals with prior e-cigarette experience only, and thus
filtered out never-e-cigarette users. We combined the items into a single measure in the
following way: 0 = individuals who never used e-cigarettes (0 use lifetime), 1 = individuals
who used e-cigarettes but not in the current month, 2 = individuals who used e-cigarettes
once or twice in the past month (2 in the past month item), 3 = individuals who used e-
cigarettes 3 to four days a month (3 in the past month item), 4 = individuals who used three
times or more a week (4-6 in the past month item).

2.1.2. Cigarette use (assessed Y1, Y2, Y3, Y4).—Similar to the e-cigarette use
measure, we computed whether participants ever used cigarettes by combining analogous
item asking about lifetime cigarette use across the four waves. This was recoded into 0 =
never used cigarettes across the four waves, 1 = ever used cigarettes.

2.1.3. Cannabis use (assessed Y1, Y2, Y3, Y4).—Past 12-month cannabis use was
measured by asking participants whether they consumed cannabis in the past 12 months and
if so, how many times they used cannabis in the past 12 months. This was recoded as 0 =
never used cannabis, 1 = 1-5 times in the past 12 months, 2 = 6 or more times in the past 12
months.

2.1.4. Control variables.

2.1.4.1. Depressive symptoms (assessed Y1, Y2, Y3, Y4).: Internalizing symptoms have
been found to be predictive of higher substance use in many previous studies (e.g., Dawson,
Goldstein, Moss, Li, & Grant, 2010; Farmer et al., 2015). Four items asking related to
experiences with depressive symptoms (Likert-type scale, range 1-5) were asked during
every wave. The internal reliability was a = .84 (Y1), a = .86 (Y2), a =.87 (Y3),and a

= .87 (Y4). These items are listed in Appendix A.

2.1.4.2. Polysubstance use (assessed Y1, Y2, Y3, Y4).: Previous studies suggested that e-
cigarette use might be associated with higher risk for polysubstance use (Miech et al., 2015;
Morean et al., 2016). An index of polysubstance use (“polysubstance use” afterwards) was
created as average of response to three items, asking about the past 12 months consumption

Addict Behav. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ksinan et al.

2.3.

Page 6

of opiods, stimulants, or cocaine, with response options 0 = never used the substance, 1 = 1-
5 times in the past 12 months, 2 = 6 or more times in the past 12 months.

2.1.4.3. Alcohol use (assessed Y1, Y2, Y3, Y4).: Among young adults, alcohol use often
co-occurs with cannabis (e.g., Mohler-Kuo et al., 2003; Primack et al., 2012; Simons et al.,
2005), as well as tobacco use (Nichter et al., 2010; Reed et al., 2007). Alcohol use was
assessed as the combination of two questions: one asking participants about the number of
drinks they had in the past 30 days, and the other asking about the number of drinks they had
on a typical day. Then, the number of days participants were drinking was multiplied by the
number of drinks per occasion, and this was multiplied by 14 (reflecting 14 grams of ethanol
per standard drink). The resulting scale reflects average alcohol consumption per month as
grams of ethanol. For more detailed information about the scale, please see Salvatore et al.
(2016).

2.1.4.4. Sensation seeking (assessed at baseline).: High sensation seeking has been found
to be associated with higher substance use in a number of previous studies (Crawford et al.,
2003; Martin et al., 2002), including e-cigarettes (Dai et al., 2018). Three sensation seeking
items (Likert-type scale, range 1-4) from an abbreviated version of UPPS-P (Lynam et al.,
2007) were asked during the freshman year only. The reliability was a = .63. These items
are listed in Appendix A.

2.1.4.5. Ethnicity/Race (assessed at baseline).: The selected sample included the
following self-reported ethnic/racial breakdown: African American = 889 (19.1%),
American Indian/Alaskan Native = 27 (.6%), Asian = 789 (17.0%), Hawaiian/Pacific
Islander = 28 (.6%), Hispanic/Latino = 281 (6.1%), More than one race = 316 (6.8%),
Unknown = 45 (1%), White = 2,295 (49.4%). This was dummy-coded into Asian, Black,
Other (collapsing American Indian/Alaskan Native, Hawaiian/Pacific Islander, Hispanic/
Latino, More than one race, and Unknown) with reference group being White.

2.1.4.6.  Age (assessed at baseline).: The age at baseline (M= 18.58, SD = 0.52).

2.1.4.7. Sex (assessed at baseline).: There was a total 1,730 males (37%) and 2,940
females (63%).

Data Analysis

First, descriptive statistics and zero-order correlations were computed for all variables. Then,
a cross-lagged model of e-cigarette and cannabis use was estimated in a structural equation
modeling framework, with use of e-cigarette or cannabis regressed on previous year’s use of
e-cigarette or cannabis. Along with that, depressive symptoms, alcohol use, and
polysubstance use were also modeled in a similar fashion, that is, using four-wave
autoregressive model, with e-cigarette use and cannabis use regressed on previous year’s
level of depressive symptoms, alcohol use, and polysubstance use (and vice versa).
Furthermore, the concurrent timepoints were also allowed to covary. In effect, we estimated
a 4-wave cross-lagged model for five constructs, with the main focus being the prospective
cross-lagged paths between e-cigarette and cannabis use, with depressive symptoms, alcohol
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use and polysubstance use modelled as time-varying covariates. This model is shown in
Figure 1. Regressing on previous levels of the same substance while controlling for
concurrent associations with the other substance enabled evaluation of the support for cross-
lagged effects, where previous levels of substance use lead to causal change in the other
substance use, controlling for concurrent and previous year’s levels of depressive symptoms,
alcohol use, and polysubstance use. Finally, the same cross-lagged model was estimated for
the subset of participants that indicated never using cigarettes throughout four years of
college.

All variables in the cross-lagged model were residualized on background variables
(sensation seeking at baseline, age, sex, dummy-coded ethnicity variables) prior to analyses.
All models were estimated in Mplus 8 (Muthén & Muthén, 1998-2017). Full information
maximum likelihood (FIML) was used to handle missing data. Auxiliary variables
(depressive symptoms at baseline, polysubstance use at baseline, cannabis use at baseline)
were used to increase precision in estimating missing data. To handle non-normality of data
and provide more robust estimates, a bootstrapping method with 5,000 resamples was used
to estimate standard errors.

3. Results

Mean levels of e-cigarette use and cannabis use were largely similar across the four years,
with the highest reported levels for both in the fourth year (Table 1). E-cigarette use (E-CIG)
showed moderate stability across waves (ss .55 —.61). Similarly, cannabis use (CANN)
showed high stability across waves (rs. .70-.73). Polysubstance use, alcohol use, and
depressive symptoms showed moderate stability across time. Depressive symptoms were
found to be concurrently, and, with few exceptions, prospectively associated with higher
levels of e-cigarette and cannabis use. Polysubstance use and alcohol use were found to be
associated with higher levels of both e-cigarette and cannabis use, concurrently and
prospectively. Similarly, higher levels of sensation seeking were associated with higher
levels of both substances in each wave. Women were found to show significantly lower
levels of e-cigarette and cannabis use across all four timepoints.

The cross-lagged model yielded an adequate fit to the data, XZ (75) = 283.293, p< .001, CFI
=.964, RMSEA = .024, 90% RMSEA CI [.022, .027]. The standardized results from the
model are shown in Figure 2 as the first estimates. They showed that with the exception of
Y4, e-cigarette use and cannabis use were significantly positively correlated at the same
timepoint, showing that individuals who are more likely to use e-cigarettes are also more
likely to use cannabis. More importantly, e-cigarette use was found to predict cannabis use
one year later at two out of three timepoints (the exception being E-CIG Y2 — CANN Y3
=.01, p=.698), above and beyond other predictors (E-CIG Y1 — CANN Y23 =.09, p
=.002, E-CIG Y3 — CANN Y4 p =.09, p=.031), showing that using e-cigarettes leads to
later increased use of cannabis. Interestingly, previous levels of cannabis use were also
found to predict later increased e-cigarette use (CANN Y1 — E-CIG Y2 § =.07, p=.017,
CANN Y3 — E-CIG Y4 g =.09, p=.011), suggesting that the association between e-
cigarette use and cannabis is bidirectional (again, with the exception of sophomore year
predicting junior year levels, CANN Y2 — E-CIG Y3 g = -.01, p=.771).
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Lastly, in order to evaluate whether the effect of e-cigarette use on cannabis is unique to e-
cigarettes or whether it is associated with tobacco product use in general, we restricted the
sample to only participants who indicated that they never used cigarettes across all four
timepoints, essentially focusing on e-cigarette monousers (A= 2,380) and applied the same
cross-lagged model. The results from these analyses are the second estimates in Figure 2.
Interestingly, the significant predictive paths from E-CIG to later CANN remained
significant and increased in size, ECIG Y1 — CANN Y2 g = .15, p<.001, ECIG Y3 —
CANN Y4 p = .11, p=.042. On the other hand, both the CANN Y1 — E-CIG Y2 path ( =
-.01, p=.983) and the CANN Y3 — E-CIG Y4 (B = .06, p=.199) path became statistically
non-significant, whereas the CANN Y2 — E-CIG Y3 became significant (p = .10, p=.048)
These results indicate that the longitudinal bidirectional association of e-cigarette use and
cannabis use cannot be explained by cigarette use.

4. Discussion

The current study examined the hypotheses that e-cigarette use will be associated
prospectively with higher cannabis use in college students and that this association will
remain significant after controlling for cigarette use. Both of these hypotheses were
supported. E-cigarette use was found to predict higher cannabis use at later time points after
adjusting for the concurrent association between cannabis use and e-cigarette use. Cannabis
use also predicted higher e-cigarette use at later time points after adjusting for the concurrent
association between cannabis use and e-cigarette use. These associations emerged even
when controlling for concurrent and preceding rates of depressive symptoms, alcohol use,
and polysubstance use, as well as sensation seeking, sex, age, and race/ethnicity. Moreover,
after removing subjects who used cigarettes from the sample, the paths from e-cigarette use
to cannabis use (freshman to sophomore, junior to senior) remained significant, while the
previously significant predictive paths from cannabis use to later e-cigarette use were non-
significant in this subset. Even though the observed effects are modest in size, the
complexity of the analytic model used provides strong evidence of unique associations
between e-cigarettes and cannabis, especially emphasizing the link from e-cigarette to later
cannabis use.

These results align with previous findings that e-cigarette use is associated prospectively
with later initiation of cannabis use (Dai et al., 2018; Silveira et al., 2018; Unger et al.,
2016). This previous literature is limited by the inclusion of only adolescents, analysis of
only 2 time points (Dai et al., 2018; Silveira et al., 2018), and a lack of diverse samples
(Lozano et al., 2017; Unger et al., 2016). We expand upon these results by demonstrating
that e-cigarette use is associated prospectively with cannabis use in a diverse sample of
emerging adult college students, followed across four years. Furthermore, the identification
of a bi-directional association between e-cigarette use and cannabis use is a novel addition to
the literature and should be examined in future analyses. The levels of e-cigarette use and
cannabis use were generally quite low in the current sample, as majority of the students did
not regularly use e-cigarettes or cannabis. Thus, it is possible that the observed associations
would have been stronger in a sample with higher e-cigarette or cannabis use rates.
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Cannabis and e-cigarette use are high-priority public health issues in emerging adult
populations. Changes in the recreational legality of cannabis use are likely to lead to
increases in cannabis use among emerging adults (Hall & Weier, 2015; McCance-Katz,
2018) and the prevalence of e-cigarette use in this group has increased rapidly with the
advent of more novel e-cigarette products (National Center for Chronic Disease Prevention
and Health Promotion (US) Office on Smoking and Health [NCCDPHP], 2016). A clear
understanding of the relationship between cannabis use and e-cigarette use is critical to
understanding the potential population-level harm associated with these novel trends in
substance use. The bi-directional association between cannabis use and e-cigarette use
suggests that the conditions that specifically increase the use of one substance have
implications for the broader landscape of emerging adult substance use. The risk associated
with the rising popularity of novel e-cigarette products is compounded by subsequent
increases in cannabis use. Similarly, the risk associated with the legalization of recreational
cannabis use is compounded by subsequent increases in e-cigarette use. The
interrelationship between the use of these two substances should be considered when
weighing the benefits and consequences of policies which would regulate either of them.

Although the prevalence of cigarette use has declined in recent years, this trend has been
accompanied by a striking increase in the prevalence of e-cigarette use (Levy et al., 2018).
As e-cigarette use becomes more common, and cigarette use less common, it will become
increasingly important to differentiate the negative outcomes that are specifically associated
with each behavior to better predict the consequences of these trends to public health. The
prospective association between e-cigarette use and cannabis use then represents an
emergent public health concern, particularly when legislative and cultural factors are poised
to increase the prevalence of each behavior independently. Future research should continue
to examine interrelationships between e-cigarette use and patterns of illicit substance use to
better inform future efforts that may aim to regulate the distribution of these e-cigarette
products.

We speculate that the observed bi-directional associations between e-cigarettes and cannabis
could be caused by several factors. First, inhalation is the most common route of
administration for cannabis, and cannabis vaporizers, which are similar in design and
appearance to e-cigarettes, are an increasingly popular means to inhale ground cannabis or
cannabis extracts (Spindle et al., 2019). Thus, when individuals start using one inhaled
substance (e.g., nicotine-containing e-cigarettes), this may serve as a catalyst to trying other
substances (e.g., cannabis) that can be administered through the same route and/or with a
similar device. Second, co-users of cannabis and nicotine report that these two substances
can have interactive effects. For example, nicotine/tobacco can purportedly intensify and
extend the “high” from cannabis (Schauer et al., 2017). In addition, co-use of cannabis and
nicotine produces enhanced reinforcing effects compared to those produced by either
substance alone (Rabin & George, 2015). Thus, the individuals in this study may have
started with one product (cannabis or e-cigarettes) and later transitioned to using the other
product to experience these interactive drug effects. Lastly, use of both e-cigarettes and
cannabis may be the result of young adults having a general propensity to experiment with
drugs as opposed to cannabis or e-cigarettes having a direct influence on subsequent
initiation of the other. Future research should consider obtaining qualitative reports from co-

Addict Behav. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ksinan et al.

Page 10

users of cannabis and e-cigarettes which describe their specific reasons for transitioning
between these two substances in order to provide a more in-depth understanding of the
longitudinal associations we detected in this study.

This study has some limitations. First, our measure of cannabis use is limited in scope and
only differentiates between no use, using 1-5 times, and using 6+ times. It is possible that
higher thresholds of cannabis use may be uniquely associated with negative outcomes.
Another limitation of the study is the different timeframe of the e-cigarette (combination of
ever use and past-month use) and the cannabis use (past 12 months). Although we believe
that the differences become less salient when used in a repeated-measures longitudinal
model, future studies in this area would benefit from using consistent timeframe for both
measures. Furthermore, e-cigarette and cannabis use questions were non-specific in nature.
It is possible that some participants might have been using e-cigarettes with marijuana in it,
thus inflating the associations. However, the e-cigarette items were part of survey section
related to nicotine use broadly (including cigarettes, smokeless tobacco, little cigars, etc.)
and thus we believe that the placement of the item in this context implied e-cigarettes with
nicotine. Nevertheless, future studies might benefit from explicitly describing e-cigarette use
as inhaling aerosol with nicotine. Lastly, all measures used in this study were based on self-
reports. Obtaining objective measures of use, e.g., through biomarkers of nicotine/cannabis
exposure, might be an improvement in obtaining more valid measures of substance use for
future studies.

The current study found support for a bi-directional association between cannabis use and e-
cigarette use over time in emerging adults: cannabis use increases future e-cigarette use and
e-cigarette use increases future cannabis use. However, when limiting the sample to
participants who do not smoke cigarettes, there was more evidence for e-cigarette to later
cannabis use link than vice versa. Recent increases in the prevalence of e-cigarette use and
loosening of legal restrictions on cannabis use mark this association as an emerging public
health concern. The increase in the prevalence of e-cigarette use has been met with a
concurrent decrease in the prevalence of cigarette use. Shifting trends in emerging adult
substance use suggest that identification of the causes and consequences of novel forms of
substance use will be an important public health pursuit in the coming years.

Appendix A

Depressive symptoms

The next questions ask about some problems and feelings which people sometimes have.
Please give the answer which best describes how much discomfort that problem has caused
you during the last 30 days, including today.

1 2 3 4 5 NA

Notatall | Alittle bit | Moderately | Quite abit | Extremely | I choose not to answer

1. Feeling blue

Addict Behav. Author manuscript; available in PMC 2021 July 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnue Joyiny

Ksinan et al.

Page 11

2. Worrying too much about things
3. Feeling no interest in things

4. Feeling hopeless about the future

Sensation seeking

Below are a number of statements that describe ways in which people act and think. For
each statement, please indicate how much you agree or disagree with the statement.

1 2 3 4 NA

Disagree strongly | Disagree a little | Agree a little | Agree strongly | | choose not to answer

1. I quite enjoy taking risks.

2. I welcome new and exciting experiences and sensations, even if they are a little
frightening and unconventional.

3. I would enjoy the sensation of skiing very fast down a high mountain slope.
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Tested longitudinal association of e-cigarette and cannabis use
Large, diverse college sample (N = 4,670) assessed over four years
Bidirectional effects for e-cigarette and cannabis use were found

E-cigarettes showed effects on later cannabis use even among cigarette
nonsmokers
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Figure 1.

CANN Y4

Note. Y1 =year 1, Y2 =year 2, Y3 = year 3, Y4 = year 4. POLYSUB = polysubstance use,

E-CIG = e-cigarette use, CANN = cannabis use, DEP = depressive symptoms, ALC =
alcohol use. For clarity, paths POLYSUB — CANN/DEP/ALC, E-CIG — DEP/ALC,
CANN — POLYSUB/ALC, DEP —E-CIG/POLYSUB, and ALC — CANN/E-CIG/
POLYSUB are not shown but were estimated.
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Figure 2.

Note. Y1 =year 1, Y2 =year 2, Y3 = year 3, Y4 = year 4. POLYSUB = polysubstance use,
E-CIG = e-cigarette use, CANN = cannabis use, DEP = depressive symptoms, ALC =
alcohol use. * indicates p < .05. ** indicates p < .01, *** indicates p < .001. The first value
refers to estimate in the full sample, the second value is estimate in the sample of non-
cigarette smokers. Paths in bold reflect significant cross-substance paths in both models. For
clarity, paths POLYSUB — CANN/DEP/ALC, E-CIG — DEP/ALC, CANN —
POLYSUB/ALC, DEP — E-CIG/POLYSUB, and ALC — CANN/E-CIG/POLYSUB are
not shown but were estimated.
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