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Abstract

Background—Adolescence is a peak time for uptake of both tobacco and marijuana (dual use).
This study aimed to identify clusters of lifetime tobacco and marijuana use patterns and associated
risk factors, and to determine whether dual tobacco and marijuana use is uniquely associated with
greater risk than use of either tobacco or marijuana alone.

Method—High school students participated in a survey during Fall 2014 (AM=976; 68% Hispanic;
57% parental education < high school). Items from national youth surveys were used to measure
lifetime and current use of tobacco products, marijuana, alcohol, drug use, and other risk
behaviors, and literature-based surveys were used to measure psychological constructs.

Results—Latent Class Analysis identified three clusters of lifetime tobacco use patterns (no
tobacco, one or two products, and more than two products), each with a correspondingly distinct
profile of risk behaviors; risk escalated with use of more tobacco products. Multinomial modeling
characterized personal, environmental, and behavioral correlates of dual lifetime tobacco and
marijuana use, including lower parental monitoring, lower grades, higher guilt, higher lifetime
alcohol and drug use, and more substance use by friends, in reference to single lifetime use of
either tobacco or marijuana.

Conclusion—Broader use of tobacco (i.e., more products) was associated with numerous risk
factors. Dual lifetime use of tobacco and marijuana was associated with numerous risks compared
to single use of either tobacco or marijuana. Longitudinal work is needed to understand temporal
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relationships between risk variables to determine optimal timing for interventions to reduce
harmful behaviors.
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poly tobacco use; dual tobacco and marijuana use; co-use; multi-product use; comorbid substance
use; co-occurring substance use; electronic cigarettes

1. Introduction

There is growing recognition of the high co-occurrence between tobacco and marijuana use
(Agrawal et al., 2012; Berg et al., 2015; Enofe et al., 2014; Pinsker et al., 2013; Schauer et
al., 2016; Sutfin et al., 2012; White et al., 2015; Yates et al., 2014). Tobacco use typically
precedes marijuana use (Beenstock and Rahav, 2002; Kandel and Kandel, 2015), implicating
tobacco use as a risk factor for marijuana use. Nearly half of high school students report
having tried a tobacco product (Arrazola et al., 2014), and adolescents with even infrequent
tobacco use demonstrate symptoms of nicotine dependence (Apelberg et al., 2014; Caraballo
et al., 2009). Prospective studies have demonstrated that tobacco use during adolescence is
linked with regular tobacco use in adulthood (Orlando et al., 2004; Windle and Windle,
2012). Furthermore, early tobacco use is associated with nicotine dependence (Kendler et
al., 2013), highlighting the need to focus tobacco prevention and control efforts in
adolescence.

As the political climate for marijuana use becomes more favorable in the United States, there
is concern that already high rates of marijuana use will climb (Cerda et al., 2012; Hasin et
al., 2015; National Institute on Drug Abuse, 2014; Rolle et al., 2015). Recent national
estimates of lifetime marijuana use among high school students is 38.6% (Kann, 2016).
Deleterious effects of marijuana use among adolescents include compromised brain
development and impaired cognitive ability (Camchong et al., 2016; Hanson et al., 2010).
The harmful consequences of marijuana use parallel those of tobacco use in several ways,
including risk for dependence and exposure to toxicants such as carbon monoxide and
carcinogens from combustion (Meier and Hatsukami, 2016) and elevated respiratory
symptoms (Joshi et al., 2014; Yayan and Rasche, 2016). There is evidence of an additive risk
of dual tobacco and marijuana use in that dual users experience higher incidence of cannabis
dependence and greater difficulty with marijuana cessation compared to users of marijuana
only (Montgomery, 2015; Peters et al., 2012). Additionally, the prospect of increased
toxicant exposure is greater with dual use of combustible tobacco and marijuana given the
dose-response relationship between these substances and toxicant exposure (Bliss, 1935).

Previous studies have demonstrated a gradient relationship between tobacco and marijuana
use among adolescents (Creamer et al., 2016; Kristjansson et al., 2015; Wills et al., 2015).
High school students with no lifetime use of tobacco show the lowest incidence of risk
behaviors including marijuana use. Risk is incrementally higher among users of a single
tobacco product and highest among dual tobacco product users (Creamer et al., 2016;
Kristjansson et al., 2015; Wills et al., 2015). While these studies are pivotal in establishing a
gradient relationship between tobacco and marijuana use, they did not include a broad
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assessment of tobacco products. Multiple tobacco product use among adolescents is
common (Arrazola et al., 2014; Neff et al., 2015), particularly in ethnic minorities (Arrazola
et al., 2014; Harrell et al., 2016; Neff et al., 2015; Trinidad et al., 2017), and is associated
with higher levels of nicotine dependence (Ali et al., 2016; Apelberg et al., 2014; Lanza and
Vasilenko, 2015). This highlights the need for comprehensive tobacco product assessment in
this population.

Better understanding the relationship between tobacco product and marijuana use, and
isolating correlates of dual tobacco and marijuana use, will contribute to identification of
potential intervention targets. This has proved a fruitful pathway in understanding dual use
of marijuana with other substances, such as alcohol. Dual use of alcohol and marijuana has
been linked to a variety of environmental and behavioral risk factors (Dir et al., 2018; Green
etal., 2017; Lipperman-Kreda et al., 2017). Additive effects of dual alcohol and marijuana
use have also been identified (Dubois et al., 2015). One model that has been used to explain
dual use of substances is the Addiction Vulnerability Hypothesis, which maintains that the
presence of biological factors predispose individuals to substance abuse (Rabin and George,
2015). Evidence for this model includes common genetic factors likely to impact multiple
addictive behaviors (Agrawal et al., 2010; Hicks et al., 2011; Philibert et al., 2009).

This study aims to identify clusters of lifetime tobacco and marijuana use patterns and
associated protective and risk factors, and to determine whether dual tobacco and marijuana
use is uniquely associated with greater risk than use of either tobacco or marijuana alone
among a diverse sample of adolescents. Our selection of variables is driven by Social
Cogpnitive Theory and each domain (personal, environmental, and behavioral) is represented
in our conceptual model (Bandura, 1986). It was hypothesized that broader tobacco use
would be incrementally linked with greater risk factors, and that dual tobacco and marijuana
use would be associated with higher risks than use of either product alone.

2. Method

Participants were students in grades 9-12 enrolled in Physical Education classes during Fall
2014 at a southwestern high school with a total enrollment of 2,532. According to the 2012—
2013 School Accountability Report, 51% of the students are classified as socioeconomically
disadvantaged (free or reduced lunch).

Students received a packet of written material that included an invitation letter describing the
study, two copies of the consent/assent form, and a form to provide contact information for a
raffle drawing (two $50 gift cards) and receive study results. All written invitation and
consent material was provided in English and Spanish. Of the 1291 students who received an
invitation to participate, 996 returned paperwork indicating parental consent and child assent
(77.1% response rate).

An online survey was administered during class time on three block periods (two hour
periods) days. The survey took an average of 60 minutes to complete. No student identifiers
were obtained in data collection. All researchers completed online human subjects training,
and the study was approved by the University’s Institutional Review Board.
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2.1. Measures

Our measurement plan was guided by Social Cognitive Theory, which maintains that
personal, environmental, and behavioral factors impact health behavior (Bandura, 1986). We
selected measures from each domain that have been linked to adolescent behavior in
previous work and aimed for representation of both protective and risk factors. Lifetime
tobacco, marijuana, and other substance use is a focal point given evidence that trying a
cigarette even once is linked to later smoking (Birge et al., 2017; Fidler et al., 2006) and is
consistent with the broader literature that has characterized lifetime use of tobacco and
marijuana (Agrawal et al., 2012).

2.1.1. Demographic items—Demographic data included age, sex, race/ethnicity, parental
education, and class standing. Participants who identified as Hispanic or Latino were
classified as such regardless of race. All other participants were classified as non-Hispanic
White, or non-Hispanic “other” which included African American, Asian, Native American,
Native Hawaiian or Pacific Islander, or other.

2.1.2. Personal factors—Depressive symptoms were measured with the 20-item CES-D
(Radloff, 1977; a = 0.96 study sample), perceived stress with the ten-item Perceived Stress
scale (Cohen et al., 1994) (a = 0.78 study sample); guilt measured with a ten-item scale
(Marschall et al., 1994) (a = 0.93 study sample), personal responsibility measured with a
26-item scale (Connelly-Brejank et al., 2012) (a = 0.81 study sample); se/f-reliance
measured with a ten-item scale (Greenberger et al., 1975) (a = 0.85 study sample); social
commitment measured with an 11-item scale (Greenberger et al., 1975) (a = 0.82 study
sample); self-esteerm measured with the ten-item Rosenberg Self-Esteem scale (Rosenberg,
1979) (a = 0.83 study sample); and /10pe measured with the six-item Children’s Hope Scale
(Snyder et al., 1997) (a. = 0.94 study sample).

2.1.3. Environmental factors—Parental monitoring was measured with a six-item scale
(Kopak et al., 2011) (a = 0.96 study sample). Bullying was measured with an item from the
YRBS, “During the past 12 months, have you ever been electronically bullied? (Count being
bullied through email, chat rooms, instant messaging, websites, or texting).” Peer use of
substances was assessed with the question, “Think about your close friends, do they use any
of the following?” with a list of illicit substances, alcohol, tobacco, and marijuana. A
composite variable for friends who use drugswas created by counting the number of illicit
substances endorsed (yes/no).

2.1.4. Behavioral factors— Tobacco use was assessed with items from the National
Youth Tobacco Survey (Centers for Disease Control, 2012). Lifetime (ever tried) and current
use (number of past 30 days) of the following products was assessed: cigarettes; cigars,
cigarillos, or little cigars; chewing tobacco, snuff, or dip; smoking tobacco in a pipe;
electronic cigarettes; hookah or waterpipe; dissolvable products; clove cigarettes; bidis;
snus; roll your own cigarettes, or some other new tobacco products not listed. Marijuana use
was assessed with items from the Youth Risk Behavior Survey (YRBS) (Centers for Disease
Control, 2015). Lifetime use was assessed with the item, “During your life, how many times
have you used marijuana?” (0 to 100 or more times). Current use was assessed with the item,
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“During the past 30 days, how many times did you use marijuana?” (0 to 40 or more times).
Lifetime and current use of alcohol and other drugs were assessed with items from the
YRBS. A comprehensive list of drugs was provided, and a composite variable for drug use
was created by counting the number of other drugs used, for lifetime use, and current use,
respectively. Academic performance was assessed with the item, “During the past 12
months, how would you describe your grades in school?” Response options ranged from
mostly A’s to mostly F’s. Participants were also asked to report their current GPA. These
two academic performance items were strongly correlated (/=0.79), and given less missing
data from the question about grades in school, this item was used in analyses. A history of
legal issues was assessed with the question, “Have you ever been arrested?” Riding in a car
with someone who had been drinking alcohol/was measured with an item from the YRBS
(past 30 days).

2.2. Analyses

3. Results

To investigate a gradient relationship between the full spectrum of lifetime tobacco products
and marijuana use and other risk behaviors, we used Latent Class Analysis (LCA) in Mplus
V5.21 to identify classes or clusters of students who differ distinctively regarding history of
tobacco product use (Hagenaars and McCutcheon, 2002; Muthén and Muthén, 1998). We
used students’ responses to a range of behavioral factors to reveal meaningful clusters of
students who share common and distinctive patterns or profiles based on their tobacco
product use. We used multinomial modeling to characterize the personal, environmental,
personal, and behavioral correlates of dual tobacco and marijuana lifetime use (Tabachnick
and Fidell, 2007).

Data were screened for outliers and missing data. Responses from 20 surveys were un-
usable due to issues such as profanity in responses; surveys from 40 participants contained
too much missing tobacco product use data to be reliably analyzed. The final analytic
sample consisted of the 936 students with valid tobacco product use data. With the exception
of academic performance (grades) and history of being cyberbullied, there were less than 8%
data missing across our predictor variables.

3.1. Participant characteristics

Students ranged in age from 13 through 19 (M= 15.37, SD = 1.10) years, and approximately
one third of the sample were freshmen (32%), 27% were sophomores, 27% were juniors,
and 11% were seniors. The sample was 60% female, and the majority of the sample (68%)
identified as Hispanic, 16% as non-Hispanic White, and 16% or non-Hispanic “other” which
included African American, Asian, Native American, Native Hawaiian or Pacific Islander, or
other. Parents’ education was quantified as the highest level of education for whomever
(either mother or father) data were reported; 57% of participants came from homes with the
highest education attained by a parent was a high school diploma or GED or less.
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3.2. Tobacco use

Rates of lifetime tobacco use were as follows: 60% never user of any product, 13% ever user
of one product (single use), 9% ever user of two products (dual use), and 18% ever user of
more than two products (poly use). The most frequently used products were cigarettes,
electronic cigarettes, hookah/water pipe, chew/snuff/dip, and cigars/little cigars/cigarillos.
All other single use of products was 1.5% or less (see Figure 1). Descriptive and cluster
analyses revealed no dominant clusters of tobacco product use. The most frequent
combinations of multiple products used included cigarettes, electronic cigarettes, hookah/
water pipe, and cigars, and cigarettes, electronic cigarettes, and hookah/water pipe.

3.3 Patterns of tobacco product use

We used latent class analyses in Mp/usv5.1 to identify classes or clusters of lifetime tobacco
use patterns and associated risk factors. Our goal was to identify behaviorally meaningful
groups of students based on their history of tobacco product use, rather than to arbitrarily
divide or combine students based on number of products used. We compared the model fit of
a single class model (baseline or null hypothesis), and two, and three class models all with
age as a covariate. We compared the Bayesian Information Criteria (BIC) and Akaike
Information Criteria (AIC) of the three models and compared the fit of the two and three
cluster models with the Vuong-Lo-Mendell-Rubin test and concluded that the three-class or
cluster model was the best statistical fit to the data and the most descriptive model. We
labeled the clusters by their predominant pattern of tobacco use history. For each student,
Mplus estimates the probability of belonging to each of the three clusters of tobacco use and
then categorizes each student into the single most likely or predominant cluster. Sixty
percent of the students in our sample had no history of tobacco use and were categorized in
the first cluster. The second cluster combined the students who had used one or two different
tobacco products. The third cluster comprised poly users, students who had used more than
two tobacco products (see Table 1). The number of tobacco products used by the poly users
ranged from three to nine; the majority of poly users had used either three tobacco (35%) or
four products (30%). We examined both lifetime and current (last 30 days) marijuana use
across students in the three clusters to examine the gradient relationship between tobacco
use behaviors and marijuana and other drug use and associated risky behaviors.

3.4. Patterns of tobacco and marijuana co-use

There was a clear gradient pattern of increased likelihood of both lifetime and current
marijuana use across the three clusters of tobacco product users. The profile of students who
had never used tobacco products was qualitativley different than those who had used one or
two products, and those who had used more than two products. The profiles of one and two
product users were indistinguishable from each other. While 34% percent of the students in
our sample had ever used marijuana (17% in the past 30 days), very few students who do not
use tobacco products use marijuana. Those students who had never used tobacco products
had a probability of .07 of ever using marijuana and a probability of .02 of current marijuana
use. The students in the one or two tobacco product cluster were more representative of the
sample overall, having a probability of .36 of lifetime marijuana use and .14 of current use.
The probability of both lifetime and current marijuana use jumps substantially in the poly
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tobacco use cluster where students have a probability of .95 and .65 for lifetime and current
marijuana use respectively.

We used current and lifetime tobacco and marijuana use as our indicators of use rather than
frequency of use given the low overall frequency of tobacco and marijuana use in our
sample. For example, 73% of the students who had ever used a tobacco product had smoked
less than five cigarettes in their lifetime. Sixty-five percent of the marijuana smokers in our
sample had smoked it just once. Despite the fact that the majority of our ever tobacco and
marijuana users do so infrequently, three distinct profiles of drug, alcohol, and risky
behaviors emerged as the number of tobacco products used increased. Additionally, even a
single use of cigarettes is a robust predictor of subsequent smoking (Birge et al., 2017,
Fidler et al., 2006).

3.5. Incremental link between tobacco product use and other risk behaviors

Distinct profiles of drug and alcohol use, and risky behaviors emerged across these three
clusters of tobacco product use. The first column in Table 1 indicates the rate of each
behavior or attribute across the full sample. For example, 49% of the students in our sample
had consumed alcohol during their lifetime, whereas only 16% had ridden in a car with a
drunk driver in the past year. The numbers in the three cluster columns denote the
probability of a student from that particular cluster engaging in each of the behaviors. For
example, a student in the no tobacco cluster has a .27 probability of having ever used
alcohol, compared with a student in the one or two tobacco product cluster who has a .54
probability of alcohol use. The probability of alcohol use jumps to .95 for students in the
poly-use cluster. The bolded percentages represent current marijuana, alcohol, and other
drug use.

Table 1 and Figure 2 illustrate the increase in the probability of lifetime marijuana and other
drug use associated with the incremental use of tobacco products. A gradient pattern similar
to the one observed for marijuana use was observed for alcohol and other drugs, with never-
tobacco product users displaying the lowest risk, single and dual tobacco product users
showing incrementally higher risk, and poly tobacco users displaying the highest risk. For
example, the students in the never used tobacco cluster were unlikely to have ever used
alcohol, recreational drugs, or have friends who used drugs (probabilities = .27, .02, and .11
respectively). Contrast this to the students in the poly tobacco product use cluster, who
almost certainly had used alcohol, likely had used recreational drugs, and had friends who
used drugs (probability = .95, .55, and .60 respectively).

Figure 3 illustrates that behavioral risk variables demonstrated the same gradient pattern of
results. Students who had never used tobacco products were the most likely to be doing well
academically and earning As and Bs, whereas those in the poly user cluster were the mostly
likely to be earning Ds and Fs. While the overall rates of being cyberbullied, riding in a car
with a drunk driver, and ever being arrested were very low in our sample, poly tobacco users
were the most likely to engage in these risky behaviors.

Whereas some research reveals demographic trends in patterns of tobacco and marijuana use
(Bombard et al., 2009; Ramo, et al., 2013; White et al., 2015), we found no significant
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differences in the students’ representation in each cluster by their demographics. This held
true regardless of using age as a covariate. Male students were not over or underrepresented
in any of the clusters, XZ (2) = 0.03, p=.86. Similarly, students were represented equally
across the clusters regardless of the highest education of their parents x? (8) = 11.18, p= .19
or their ethnicity x2 (4) = 6.39, p=.17.

3.6. Correlates of tobacco and marijuana dual use

Latent class analysis revealed a clear gradient relationship between lifetime tobacco product
and marijuana use with meaningful clusters of students based on no, one or two, and poly
tobacco product use. Poly tobacco product users were almost certain to have used marijuana
(.95), users of one or two tobacco products had a probability of .36 of marijuana use, and
students who had never used tobacco had a negligible chance (.07) of having used or
currently using marijuana.

We conducted three independent multinomial regression analyses to identify the link
between the behavioral, environmental, and personal risk factors and tobacco and marijuana
co-use. We classified our sample into three groups by lifetime tobacco and marijuana use: no
tobacco or marijuana use (53%), either tobacco or marijuana use (19%), or both tobacco and
marijuana use (28%). We used the students in the eithertobacco or marijuana group as the
reference group for our analyses to differentiate the impact of predictor variables on the
relative odds of never using tobacco or marijuana (no use) compared with using either
tobacco or marijuana (single use), and the relative odds of being a co-user versus a tobacco
or marijuana user. The odds ratio for each variable indicates how the risk of the outcome
(e.g., not drinking) falling in the comparison group (lifetime user of ether tobacco or
marijuana) compares to the risk of not drinking falling in one referent group (no tobacco or
marijuana use) or the other (tobacco and marijuana use), to changes with the variable in
question. A significant odds ratio greater than one means that the risk of the outcome being
in the comparison group relative to the risk of the outcome being in the reference group is
greater as the variable increases. In other words, the comparison outcome is more likely. A
significant odds ratio of less than one indicates that the risk of the outcome falling in the
comparison group relative to the risk of the outcome falling in the reference group decreases
as the variable increases. In our case the odds ratios of the binary variables (e.g., lifetime
alcohol use; yes/no) indicate the relative odds of not engaging in that behavior.

3.7. Behavioral correlates

Behavioral variables accounted for the largest amount of variance in tobacco and marijuana
use and co-use. No history of drug use or drinking and not getting low grades (mainly Ds
and Fs) was associated with both higher odds of using no tobacco products or marijuana,
and lower odds of dual tobacco and marijuana use. Specifically, the odds of never using
drugs is almost six times higher for students who have never used tobacco or marijuana than
for those who have used tobacco or marijuana or both. Similarly, the odds of never having
consumed alcohol is four times higher for students who have never used tobacco or
marijuana than for those who have used either tobacco or marijuana. The odds of abstaining
from drugs or alcohol is significantly lower for students who have used both tobacco or
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marijuana compared with those who have used either tobacco or marijuana., but not both
(see Table 2 for coefficients).

3.8. Environmental correlates

Parental monitoring, not having friends who used marijuana, and never having been
cyberbullied all resulted in significantly greater odds of never using tobacco or marijuana,
compared with using one or the other but not both. Parental monitoring, not having friends
who used marijuana, and not having friends who used drugs decreased the odds of using
both tobacco and marijuana. These effects were smaller than the effects of the behavioral
variables (see Table 3).

Personal variables were the most weakly associated with patterns of tobacco and marijuana
use. Lower levels of depression, higher social commitment, and lower perceived stress
increased the odds of not using either tobacco or marijuana compared with using one or the
other. Guilt increased the odds of using both tobacco and marijuana compared with using
one or the other (see Table 4).

We also analyzed the behavioral, environmental, and personal variables in a single model
(again using age as a covariate) to assess their unique contributions to predicting tobacco
and marijuana use (see Table 5). The behavioral variables never drinking, never taken drugs,
and not having friends who use marijuana emerged as the strongest predictors of both no use
and co-use groups. Guilt was the only significant personal variable, increasing the odds of
co-use compared with single product use.

4. Discussion

Three clusters of high school students’ lifetime tobacco use patterns emerged, each with a
correspondingly distinct profile of risk behaviors demonstrating a gradient relationship. The
probability of lifetime substance use and other behavioral risk factors increased with each
tobacco use pattern. Latent class analysis of a comprehensive range of tobacco products
revealed a novel framework given that single and dual tobacco product users clustered into
one group and poly-tobacco users into another. Most previous studies have distinguished
single product users from dual or poly users combined (Creamer et al., 2016; L. Neff et al.,
2015; Osibogun et al., 2017; Pacek et al., 2016; Schauer et al., 2016; Wills et al., 2015). The
finding that single and dual tobacco product users were indistinguishable and poly tobacco
users were in a class of their own may reflect the wide variety of tobacco products currently
available. Additionally, dual tobacco and marijuana use was linked to multiple personal,
environmental, and behavioral risk factors in comparison to single use of either product; in
turn, never users of either tobacco or marijuana displayed lower risk and greater protective
factors compared to single users of either tobacco or marijuana. Behavioral factors were the
most robust correlates across Social Cognitive Theory domains.

Findings from this study suggest that broader use of tobacco (i.e., more products) is

associated with numerous risk factors. This extends recent work on the link between single
use of new/emerging products such as electronic cigarettes among young adults with risky
behaviors including other substance use (Cohn et al., 2015; Lessard et al., 2014; Saddleson
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et al., 2015) and psychosocial risk indicators including sensation seeking and positive
urgency components of impulsivity (Doran and Trim, 2015). Our findings also complement
existing research finding that dual cigarette and electronic cigarette use (Kristjansson et al.,
2015; Wills et al., 2015) as well as use of multiple products including cigarettes, pipes,
cigars, chewing tobacco, and/or bidis is associated with increased risk behavior (Bombard et
al., 2009).

Our findings extend the literature to a full range of tobacco products, which is important due
to the rapidly changing tobacco industry and aggressive marketing toward youth (USDHHS,
2012). Our results largely parallel those from a large, representative adolescent survey
conducted during the same time period as the present study regarding relative frequency of
tobacco product use (Kasza et al., 2017). Cigarettes were used most frequently, followed by
e-cigarettes, hookah, and cigars/little cigars/cigarillos. Our study sample varied slightly from
the first wave of PATH with chew/snuff/dip being reported more frequently among single
product users. This may reflect a regional difference given a large military presence in the
study area (Peterson et al., 2007), or may be an artifact of a smaller sample size. Given
increased risks associated with multiple tobacco product use, the variety of new and
emerging tobacco products on the market (USDHHS, 2014), and adolescents’ interest in
new products (Arrazola et al., 2014; Harrell et al., 2016; Trinidad et al., 2017), policy
makers must be vigilant to regulate promotion toward youth. Mass media campaigns
emphasizing risks associated with dual tobacco and marijuana use and price increases are
effective techniques for reducing adolescent smoking initiation (USDHHS, 2012) and should
be inclusive of multiple tobacco products. Increasing the minimum age to purchase tobacco
products from 18 to 21 (Tobacco 21), also shows promise reducing tobacco initiation
(USDHHS, 2012; Winickoff et al., 2014) and pursuit by more states is a warranted goal.

This study also identified risk factors associated with dual lifetime use of tobacco and
marijuana compared to single use of either tobacco or marijuana. Findings are consistent
with studies of non-U.S. adolescents, which found that dual use of cigarettes and marijuana
(Georgiades and Boyle, 2007; Suris et al., 2007) is associated with greater psychosocial
problems than use of marijuana alone (Peters et al., 2012). Additionally, previous work has
documented that substance use is higher among dual users of cigarettes and marijuana
compared to cigarette-only users (Ramo et al., 2013). Our work extends the few existing
studies to a diverse sample of U.S. adolescents, and includes a comprehensive assessment of
tobacco products.

Of the three domains of measured Social Cognitive Theory variables, certain environmental
factors lend themselves to group-based interventions. For example, lower parental
monitoring was linked with dual tobacco or marijuana use and provides an actionable target
for preventive interventions that increase attention and tracking of adolescent activity in
unsupervised situations and outside of the home (Dishion and McMahon, 1998). As the
transition from childhood to adolescence occurs, the need for parental monitoring to adapt to
developmental changes that include more time spent outside of the home, such as in school
or before/after school, increases (Dishion and McMahon, 1998). Such things as participation
in organized after school activities and structured peer groups are measurable actions that
parents can use to enhance parental monitoring. This complements prospective work which
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has found that unsupervised time with peers over the course of high school is linked to
greater substance use by the end of high school (Lee and Vandell, 2015).

Similarly, less exposure to cyberbullying was linked to never use of tobacco or marijuana
and could also be targeted in educational approaches that enhance responsive skills. There is
a need to educate adolescents regarding healthy and safe use of technology and what
constitutes misuse. This can be achieved through formal prevention program delivery (e.g.,
school wide campaigns) or through in class delivery by teachers discussing the appropriate
use of electronic media, identifying what cyberbullying is, and how to address it if it is
encountered (Snakenborg et al., 2011).

When considering study implications, it should be considered that the effect sizes for
environmental (and personal) factors linking with tobacco and marijuana use were smaller
than for behavioral factors. Nonetheless, both environmental and personal factors are viable
targets for preventive and clinical interventions, which may affect not only tobacco and
marijuana use, but their strongest behavioral correlates of alcohol and other drug use. There
is evidence that environmental factors, such as stress, predict addictive behaviors
prospectively and that the reverse relationship is not as strong (Walsh, 2013), and that
improving personal protective factors are linked with adaptive substance use outcomes
(Brown et al., 2008, 2013). However, longitudinal work is needed to understand temporal
relationships between risk and protective variables with tobacco and marijuana use and
determine optimal timing for interventions to reduce harmful behaviors.

Study results must be considered in light of the significant limitation of sampling of students
at a single high school. Although the ethnic diversity of this high school was a strength,
particularly given elevated rates of emerging tobacco product use among ethnic minority
adolescents (Arrazola et al., 2014; Harrell et al., 2016; Neff et al., 2015; Trinidad et al.,
2017), replication of this study at multiple schools and in additional geographic areas is
recommended. Additionally, although current use of tobacco and marijuana were assessed,
this data was unable to be fully integrated into analyses due to low overall frequency
yielding estimates unreliable. Despite this limitation, the study results fit within the broader
literature that has characterized lifetime use of tobacco and marijuana (Agrawal et al., 2012).

Dual use of tobacco and marijuana is becoming increasingly common, and presents a health
risk (Meier and Hatsukami, 2016) as well as a challenge for marijuana use treatment (Haney
et al., 2013; Peters et al., 2012). Tobacco use is recognized as typically preceding marijuana
use (Beenstock and Rahav, 2002; Kandel and Kandel, 2015), and has also been identified as
a mediating factor between marijuana use and dependence (Hindocha et al., 2015). This
body of work suggests the need for continued tobacco regulatory efforts toward youth, with
particular vigilance toward new and emerging products (Arrazola et al., 2014; Harrell et al.,
2016; Trinidad et al., 2017; USDHHS, 2012, 2014). Given evidence that trying a cigarette
even once is linked to later smoking (Birge et al., 2017; Fidler et al., 2006), it is paramount
that concerted regulatory actions toward preventing youth experimentation with tobacco be
undertaken. Additionally, future work should include an assessment of co-administration of
tobacco and marijuana (i.e., use of tobacco and marijuana at the same time) given elevated
risks and increased subjective effects (Schauer et al., 2017).
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Highlights
. Three clusters of adolescent lifetime tobacco use patterns were identified
. Each tobacco cluster had a distinct profile of risk behaviors
. Risk escalated with use of more tobacco products
. Dual tobacco and marijuana use was riskier than single use of either product
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Figure 1.

Rates of tobacco product use across single, dual, and poly product users
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Profiles of drug and alcohol use across three tobacco use clusters
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Profiles of behavioral risk factors across three tobacco use clusters
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Multinomial Regression Equation Predicting Tobacco and Marijuana Co-Use from Behavioral Variables.

Table 2

Either Tobaccoor OR p 95% ClI
Marijuana
(Lifetime) Use vs.
Behavioral
No Drug Use No Use 576 0.00 [2.20,15.11]
Co-Use 0.19 0.00 [0.10,0.36]
No Alcohol Use No Use 405 0.00 [2.67,6.16]
Co-Use 0.26 0.00 [0.14,0.46]
Never ridden in car with drunk driver ~ No Use 0.65 0.22 [0.33,1.29]
Co-Use 045 0.02 [0.23,0.90]
Never Arrested No Use 193 0.22 [0.68,5.48]
Co-Use 0.45 0.08 [0.19,1.09]
Grades: Mostly As and Bs Reference Group
Grades: Mostly Cs No Use 0.77 0.28 [0.48,1.24]
Co-Use 1.09 0.77 [0.63,1.89]
Grades: Mostly Ds and Fs No Use 0.32 0.00 [0.16,0.61]
Co-Use 236 0.01 [1.22,4.57]

Notes: Psuedo RZ = 496, N= 936

Comparison group = Users of either tobacco or marijuana - but not both. Age was used as a covaiate.
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Table 3

Page 23

Multinomial Regression Equation Predicting Tobacco and Marijuana Co-Use from Environmental Variables.

Either Tobaccoor OR p 95% CI
Marijuana
(Lifetime) Use vs.
Environmental
Parental Monitoring No-Use 1.09 0.01 [1.03,1.15]
Co-Use 090 0.00 [0.85,0.96]
No friends who use drugs No Use 0.83 0.52 [0.47,1.47]
Co-Use 0.43 0.00 [0.25,0.74]
No friends who use marijuana  No Use 277 0.00 [1.82,4.24]
Co-Use 0.30 0.00 [0.17,0.52]
Never been cyberbullied No Use 1.83 0.07 [0.94,3.57]
Co-Use 096 0.91 [0.48,1.92]

Notes: Psuedo RZ = 360, N= 936

Comparison group = Users of either tobacco or marijuana - but not both. Age was used as a covaiate.
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Multinomial Regression Equation Predicting Tobacco and Marijuana Co-Use from Personal Variables.

Table 4

Either Tobaccoor OR p 95% ClI
Marijuana
(Lifetime) Use vs.
Personal
Depression CESD- R No Use 0.82 0.05 [0.68,0.10]
Co-Use 1.00 095 [0.98,1.02]
Self-Reliance No Use 097 0.12 [0.93,1.00]
Co-Use 0.98 0.38 [0.94,1.03]
Social Commitment No Use 1.03 0.08 [1.00,1.07]
Co-Use 099 0.53 [0.95,1.03]
Self-Esteem No Use 1.00 0.97 [0.95,1.05]
Co-Use 0.98 0.53 [0.92,1.04]
Hope No Use 1.01 041 [0.98,1.05]
Co-Use 099 0.72 [0.96,1.03]
Guilt No Use 1.02 019 [0.99, 1.06]
Co-Use 1.05 0.00 [1.02,1.06]
Perceived Stress No Use 0.98 0.03 [0.97,1.06]
Co-Use 1.01 0.66 [0.96, 1.06]
Personal Responsibility ~ No Use 1.01 0.18 [0.99, 1.04]
Co-Use 099 025 [0.96,1.01]

Notes: Psuedo RZ = 153, N= 936

Comparison group = Users of either tobacco or marijuana - but not both. Age was used as a covaiate.
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Table 5

Page 25

Multinomial Regression Predicting Tobacco and Marijuana Co-use from Behavioral, Environmental, and

Personal Variables.

Either Tobaccoor OR  p 95% ClI
Marijuana
(Lifetime) Use vs.
Behavioral
No Drug Use No Use 499 .002 [1.81,13.67]
Co-Use 0.26 .001. [0.13,0.53]
No Alcohol Use No Use 342 .001 [2.07,5.63]
Co-Use 0.38 .005 [0.19,0.74]
Never ridden in car with drunk driver ~ No Use 0.68 .317 [0.32,1.44]
Co-Use 0.47 .050 [0.22,1.00]
Never Arrested No Use 201 .243 [0.61,5.79]
Co-Use 051 .165 [0.19,1.33]
Grades: Mostly As and Bs Reference Group
Grades: Mostly Cs No Use 0.82 .492 [0.46,1.47]
Co-Use 104 914 [0.53,2.03]
Grades: Mostly Ds and Fs No Use 0.24 .001 [0.11,0.53]
Co-Use 1.82 157 [0.79,4.17]
Environmental
Parental Monitoring No-Use 1.03 .387 [0.99,1.12]
Co-Use 0.93 .083 [0.85,1.01]
Friends who use drugs No Use 0.69 .301 [0.34,1.39]
Co-Use 055 .078 [0.28,1.07]
Friends who use Marijuana No Use 271 .001 [1.43,3.83]
Co-Use 043 012 [0.22,0.83]
Been Cyberbullied No Use 217 .068 [0.96, 4.94]
Co-Use 133 516 [0.57,3.12]
Personal
Depression CESD- R No Use 0.98 .083 [0.97,1.00]
Co-Use 0.99 404 [0.969, 1.01]
Self-Reliance No Use 098 501 [0.94,1.02]
Co-Use 097 225 [0.91,1.02]
Social Commitment No Use 1.04 .053 [1.00,1.08]
Co-Use 1.03 .325 [0.98,1.08]
Self-Esteem No Use 1.01 .798 [0.95,1.07]
Co-Use 1.04 350 [0.96,1.12]
Hope No Use 1.01 508 [0.97,1.05]
Co-Use 1.01 .636 [0.86,1.06
Guilt No Use 1.02 232 [0.99,1.07]
Co-Use 1.05 .021  [1.01,1.10]
Perceived Stress No Use 1.04 102 [0.99,1.10]
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Either Tobaccoor OR p 95% ClI
Marijuana
(Lifetime) Use vs.
Co-Use 099 629 [0.93,1.05]
Personal Responsibility No Use 099 561 [0.97,1.02]
Co-Use 1.00 .800 [0.97,1.04]
Notes:

Psuedo RZ= 576, N= 936

Comparison group = Users of either tobacco or marijuana - but not both. Age was used as a covariate.
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