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Abstract

Background—~Factors associated with marijuana use in electronic nicotine delivery systems
(ENDS) are largely unknown. ENDS advertising, through subtle normative cues as well as explicit
and implicit messages suggesting ENDS products are socially condoned and healthier alternatives,
may influence the use of marijuana in ENDS. The aim of our study was to examine the association
between exposure to ENDS advertising and subsequent use of ENDS with marijuana among
college students.

Methods—Data for this study were from waves 2 and 4 of the Marketing and Promotions across
Colleges in Texas (M-PACT) study. Participants included 3720 college students (mean age = 21.4,
SD = 2.3; 35.78% white; 35.7% male) across 24 colleges in Texas who completed online tobacco
behavior surveys one year apart. Multilevel logistic regression was conducted to examine the
association between ENDS advertising exposure at wave 2 (spring 2015) and use of marijuana in
ENDS one year later at wave 4 (spring 2016), controlling for age, sex, race/ethnicity, and wave 2
sensation-seeking, impulsivity, current tobacco use, current marijuana use, and ever use of ENDS
with marijuana. Use of ENDS to consume marijuana in the past six months was the outcome
variable and ENDS advertising exposure was the independent variable.

Results—Nearly half of participants reported ever ENDS use at waves 2 and 4, and 10% used
marijuana in ENDS in the past 6-months at wave 4. Multilevel logistic regression analyses
indicated that for every unit increase in ENDS advertising exposure, the odds of subsequently
using ENDS with marijuana one year later were 1.08 times (95% CI = 1.01-1.14) greater.

Conclusions—ENDS advertising uniquely contributed to the subsequent use of marijuana in an

ENDS, over and above the effects of other risk factors.
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Introduction

Marijuana may be easily vaporized using electronic nicotine delivery systems (ENDS). In
states with legal marijuana, cartridges filled with marijuana oil, made to fit commercially
available ENDS, may be purchased at marijuana dispensaries. Additionally, users may fill
these cartridges with home-made marijuana oil (Giroud et al., 2015). Only recently have
researchers begun to examine the prevalence of marijuana use in ENDS among young
adults. A 2016 sample of college students found 37% reported lifetime use of marijuana in
ENDS and 22.5% reported past year use (Jones, Hill, Pardini, & Meier, 2016). A 2014
nationally representative study of young adults showed that 19.3% of ever marijuana users
reported using marijuana in a vaporizer or other electronic device (Schauer, King, Bunnell,
Promoff, & McAfee, 2016). While vaping may be useful for medicinal marijuana patients
(Varlet et al., 2016), it remains important to understand factors that contribute to use of
marijuana in ENDS in the overall young adult population, to whom marijuana use may be
harmful.

Tobacco products have long been used for consuming marijuana (Sifaneck, Johnson, &
Dunlap, 2006; Smith-Simone, Maziak, Ward, & Eissenberg, 2008). In fact, tobacco
researchers have reported difficultly isolating cigar use from marijuana use as cigar products
are heavily associated with “blunts” (Delnevo & Bover-Manderski, 2011; Hinds et al., 2016;
Yerger, Pearson, & Malone, 2001). Some tobacco advertising capitalizes on the association
between tobacco products and marijuana culture, branding with slang terms for marijuana
(Crawford, 2007). Prior to ENDS entering the U.S. market in 2006, marijuana vaporizer
advertising was rare outside the internet or specialty shops that sell other marijuana
paraphernalia. However, ENDS advertising has moved vaporizers into conventional
marketing channels.

Marketing is commonly practiced by use of a strategic mixture of product, price, place, and
promotion with the goal of increasing purchases (McCarthy & Perreault, 1960).
Advertisements, one component of marketing, are meant to shape consumer’s beliefs and
attitudes toward a product. Many theories posit that advertisements influence consumers’
attitudes through either the peripheral or central route of persuasion (Petty & Cacioppo,
1983). The central route involves active participation by consumers, namely, weighing
advantages and disadvantages of a product, shaping an individual’s attitude toward the
product. Alternatively, the peripheral route changes attitudes with subtle cues, either positive
or negative, such as an expert source of information. For example, juxtaposition of smoking
and vaping (de Andrade, Hastings, & Angus, 2013; Willis, Haught, & Morris 11, 2016) may
shape consumers’ attitudes toward ENDS as a healthier alternative to smoking tobacco
through the central route of persuasion. Placement of ENDS advertising in magazines may
provide subtle normative cues indicating that these products are socially condoned. In sum,
the central and peripheral routes of persuasion provide a useful model to understand how
exposure to ENDS advertising shapes perceptions.

While the central and peripheral routes of persuasion shed light on how advertising
messages are processed, framing theory assists with analysis of the messaging content of
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advertisements. In their analysis of ENDS advertisements on YouTube, Willis et al. (2016)
used framing theory to assess how ENDS are marketed to the public. Components used to
frame advertisement messages include word choice, metaphors, exemplars, descriptions, and
images (Gamson & Modigliani, 1989). Some of these framing components may be
particularly associated with marijuana use in ENDS. For example, ENDS were widely
framed as favorable alternatives to cigarettes, including messages that emphasize the
decreased smell compared to cigarettes and the ability to use ENDS where cigarettes are
prohibited (Willis et al., 2016). Advertisements also stressed the social acceptability and
reduced harmfulness of ENDS compared to cigarettes (de Andrade et al., 2013; Willis et al.,
2016). These ENDS advertising frames may transfer to attitudes toward conventional
smoking of marijuana and influence use marijuana in ENDS.

It is unclear if exposure to ENDS advertising contributes to the use of marijuana in ENDS.
However, studies have made clear that exposure to traditional tobacco and ENDS product
advertising influences use among adolescent and young adult (Biener & Siegel, 2000;
Dalton et al., 2009; Gilpin, White, & Messer, 2007; Pierce et al., 2018; Soneji, Ambrose,
Lee, Sargent, & Tanski, 2014; Villanti et al., 2016). Additionally, the reported reasons users
vape rather than smoke marijuana are the same reasons tobacco users report using ENDS
rather than cigarettes (Etter, 2015; Giroud et al., 2015; Malouff, Rooke, & Copeland, 2014;
Pepper & Brewer, 2014). For instance, many tobacco users report harm reduction as a reason
for using ENDS (Pepper & Brewer, 2014). Marijuana users also report switching from
smoking to vaporizing in order to reduce harm (Etter, 2015; Giroud et al., 2015; Malouff et
al., 2014). These reasons correspond with ENDS advertisement messages (Willis et al.,
2016) and exposure to ENDS advertising has been shown to influence attitudes and
susceptibility toward ENDS (Pokhrel, Fagan, Herzog, & Chen, 2016; Pokhrel, Herzog,
Fagan, Unger, & Stacy, 2018). Research is needed to assess the influence of exposure to
ENDS advertising and marijuana use in ENDS over time. Therefore, the purpose of this
study was to examine the association between exposure to ENDS advertising and subsequent
use of marijuana in ENDS among young adults one year after exposure.

2. Methods

2.1. Participants

The 3720 students comprising the current sample participated in waves 2 and 4 (spring 2015
and 2016, respectively) of a larger study, the Marketing and Promotions across Colleges in
Texas project (M-PACT). M-PACT is a rapid response, web-based surveillance survey
assessing the tobacco use behaviors of a cohort of young adult students attending one of 24
universities or vocational schools in the five largest metropolitan areas of Texas (Austin,
Dallas/Ft. Worth, Houston, and San Antonio). At wave 2, participants were approximately
35% male, 21.4 years of age (SD = 2.3 years), and 36% non-Hispanic White (see Table 1).
Over 93% were attendees of 4-year colleges or universities.

To participate in M-PACT, students had to be degree- or certificate-seeking, full- or part-time
students at one of 24 colleges/universities. After obtaining contact records, students at these
24 colleges or universities were sent email invitations to participate in the study. After
clicking on a hyperlink in the email and proceeding past the informed consent page,
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participants were asked questions related to inclusion criteria. If eligible, they were then
advanced to a screen with the online survey. Additional M-PACT sampling procedure details
have been detailed elsewhere (Bandiera, Loukas, Wilkinson, & Perry, 2016; Hinds et al.,
2016; Loukas et al., 2016). The 3720 participants comprising the present study sample
participated in data collection during waves 2 and 4 of M-PACT and provided complete data
for all predictor variables and covariates. Current marijuana users had significantly lower
odds of inclusion in the current study sample than those in the larger wave 2 sample (OR =
0.72, 95% CI = 0.56-0.93). There were no significant differences in race/ethnicity, age,
biological sex, wave 2 ever marijuana use in ENDS, tobacco use, sensation seeking,
impulsivity, or ENDS marketing exposure between participants included in the study sample
and those who were dropped because of missing data in wave 4.

2.2. Procedure

More than 13,000 students were eligible to participate in the study and 5482 students (40%)
provided consent and completed the baseline survey. Of the 5482 participants in the baseline
cohort, 79% were retained in wave 2, and 81% were retained in wave 4 (after one year). The
current study focuses on the ENDS and marijuana use behaviors of the 3720 participants
who took part in waves 2 and 4. Data were not available in wave 1 to address the research
question.

2.3. Measures

2.3.1. ENDS advertising exposure—Past 30-day ENDS marketing exposure was
assessed by asking participants about exposure at locations and media channels. “Where do
you remember seeing or hearing advertisements for ENDS products (i.e. e-cigarettes, vape
pens, or e-hookah)?” Participants were instructed to check all that apply among a) “Gas
stations, convenience stores, drug stores (e.g. Walgreens) or grocery stores,” b) “Liquor
Stores,” ¢) “Bars/Clubs,” d) “Music Events/Festivals,” or e) “None of these locations.”
Channel exposure answer options included a) “Radio/Internet Radio,” b) “Internet/Online,
c) “Magazines/Newspapers,” d) “Billboards,” or €) “None of these locations.” A composite
score for ENDS exposure was created by summing the total number of endorsed locations
and channels. This variable had values ranging from 0 to 8. This measure was adapted from
previous studies that examined tobacco marketing exposure (Feighery, Borzekowski, &
Schooler, 1998; MacFadyen, Hastings, & MacKintosh, 2001; Schooler, Feighery, & Flora,
1996).

2.3.2. Past 6-months marijuana use in ENDS—In wave 4, respondents were asked,
“In the past 6 months, i.e. since the last survey you took, have you smoked marijuana in an
ENDS product (i.e. e-cigarette, vape pen, e-hookah, personal vaporizer, or mod)?” response
options included yes (1) or no (0).

2.4. Covariates

2.4.1. Sociodemographic characteristics—Sociodemographic characteristics were
assessed at the baseline wave of M-PACT (fall, 2014). Current age was the only continuous
variable, biological sex was coded as male (1), or female (0). Race/ethnicity was treated as a
dichotomous variable, with non-Hispanic white participants coded as 1, and other races/
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ethnicities or multiple races/ethnicities coded as 0. School type was either a 4-year college/
university (1), or 2-year vocational school (0).

2.4.2. Ever use of marijuana in ENDS—Ever use of marijuana in an ENDS was
assessed with a single question at wave 2, “Have you ever smoked marijuana in an ENDS
product? (i.e. e-cigarette, vape pen, or e-hookah)” response options included yes (1) or no

(0).

2.4.3. Current tobacco use—Current tobacco use was measured at wave 2 with four
separate questions assessing use of cigarettes, cigars, smokeless tobacco, and hookah within
the past 30 days (e.g. “On how many of the past 30 days have you smoked a hookah as
intended?”). Pictures depicting each type of tobacco product were placed at the beginning of
each product section. For example, a picture of a hookah followed the general description of
hookah, after which participants were asked on how many of the past 30 days they used any
hookah like the ones in the photograph. Students who reported using any product at least one
day in the past month were considered a current tobacco user (1) otherwise they were coded
as non-users (0).

2.4.4. Ever ENDS use—At both waves 2 and 4, ever use of ENDS was established by
asking participants, “Have you ever used an ENDS product, (i.e. e-cigarette, vape pen, e-
hookah, or mod) as intended (i.e. with nicotine cartridges and/or e-juice), even one or two
puffs?” Responses included yes (1) or no (0). Similar to the tobacco use questions, an image
was included that depicted several styles of ENDS at the start of the section about ENDS
use.

2.4.5. Current ENDS use—At both waves 2 and 4, current (past-30 day) use of ENDS
was ascertained by asking any participant who reported ever using an ENDS the question,
“How many of the past 30 days have you used any ENDS product (i.e. an e-cigarette, vape
pen, e-hookah, or mod), even one or two puffs, as intended (i.e. with nicotine cartridges
and/or e-liquid/e-juice)?” Students who reported between 1 and 30 days were coded 1 versus
zero days 0.

2.4.6. Marijuana use—At each wave, current (past 30-day) use of marijuana was
assessed by asking, “During the past 30 days, how many occasions, or times, if any, have
you used marijuana? (Other names for marijuana are pot and weed).” Answer responses
included “0 times,” “1-2 times,” “3-5 times,” “6-9 times,” “10-19 times,” “20-39 times,”
and “40 or more times.” Students who reported at least 1-2 times were coded as 1 versus
zero times 0.

2.4.7. Sensation seeking and impulsivity—We used Stephenson and colleagues’
modified 4-item version of the Brief Sensation-Seeking Scale (BSSS-4) (2003). We assessed
impulsivity using a modified 3-item version subscale of Krank and colleagues’ Substance
Use Risk Profile Scale (SURPS) (2011). Both scales use Likert scales ranging from 1
(“strongly disagree™) to 5 (“strongly agree”) for questions like “l would like to explore
strange places,” or “I usually act without stopping to think.” We created mean sensation
seeking and impulsivity scores per participant using their wave 2 data. Sensation seeking
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and impulsivity were included as covariates due to past findings that demonstrated
correlations with marijuana use (Suerken et al., 2016; Vangsness, Bry, & LaBouvie, 2005)
and ENDS use (Spindle et al., 2017; Sutfin et al., 2015) among college students.

2.5. Data analysis

We tested the association between ENDS advertising exposure and later use of marijuana in
an ENDS using multilevel logistic regression with STATA (StataCorp, 2015). The
longitudinal analysis accommodated the clustering of students in the 24 colleges by using
college as a random effect. Using marijuana in an ENDS in the past 6 months (wave 4)
served as the outcome variable. Exposure to ENDS advertising one-year prior (at wave 2)
served as the predictor variable and covariates included age, sex, race/ethnicity, college type
(2-year vs. 4-year), sensation seeking, impulsivity, current tobacco use, current marijuana
use, and ever use of marijuana in an ENDS.

3. Results

At wave 2, almost half of the study sample reported ever using ENDS, and 14% used ENDS
in the past 30 days. Around 22% of the sample reported currently using marijuana and had
ever used marijuana in an ENDS at wave 2 (see Table 1). At wave 4, over half of the sample
reported ever using an ENDS, while current (past 30-day) ENDS use dropped to 10%.
Approximately one quarter of participants (23.1%) reported current marijuana use at wave 4,
and 10% of the sample used marijuana in an ENDS in the past 6 months. Overall, 28.6% of
the sample had ever used marijuana in an ENDS by wave 4. Convenience, grocery, and drug
stores were the most heavily endorsed locations for ENDS marketing exposure, followed by
the media channels of the internet and in magazines (see Table 2). On average, participants
were exposed to almost three channels or locations with ENDS marketing at least once in
the past month (mean = 2.74, SD = 2.0).

3.1.1. ENDS advertising and the use of marijuana in an ENDS

Multilevel binary logistic regression analyses indicated that for every one unit increase in
ENDS advertising exposure at wave 2, the odds of a participant subsequently using ENDS to
consume marijuana one year later was 1.08 greater (95% CI = 1.01-1.14; see Table 3).
ENDS advertisement exposure increased the risk of using ENDS to consume marijuana
above and beyond current marijuana use, ever use of marijuana in an ENDS, current tobacco
use, sex, and impulsivity.

4. Discussion

Our study is the first to examine the longitudinal association between exposure to ENDS
advertising and subsequent marijuana use in ENDS among young adults. Our survey had a
relatively high number of participants (over 55%) who reported ever using ENDS relative to
previous research. For instance, a representative sample of young adults in 2013 and 2014
indicated over 12% used ENDS in the past 30 days (Kasza et al., 2017). However, our
sample had a similar proportion of participants who reported ever using marijuana in a
vaporizer as previous studies (22% and 19.3%, respectively; Schauer et al., 2016). Further,
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we found that exposure to ENDS advertising was associated with use of marijuana in ENDS
one year later. Although the odds ratio was not as large as the odds ratio for the other
significant risk factors (e.g. past marijuana use), ENDS advertising uniquely contributed to
the subsequent use of marijuana in ENDS over and above the effects of other risk factors
including impulsivity and sensation seeking, which are demonstrated correlates of marijuana
use (Suerken et al., 2016; Vangsness et al., 2005). These findings suggest ENDS
advertisements are influencing college students to use marijuana in ENDS, a long-lasting
effect found a year after exposure.

The introduction of ENDS to the U.S. market has led to a rise in ENDS advertising across
multiple channels (Basch, Mongiovi, Hillyer, Ethan, & Hammond, 2016; Duke et al., 2014;
Ganz et al., 2015; Kim, Arnold, & Makarenko, 2014; Wagoner et al., 2014). Our findings
indicate exposure to ENDS advertising across multiple channels and locations predicts
marijuana use in ENDS. Previous research has documented the linking of marijuana and
tobacco in tobacco marketing and common use of marijuana in tobacco products (Crawford,
2007; Delnevo & Bover-Manderski, 2011; Hinds et al., 2016; Sifaneck et al., 2006; Smith-
Simone et al., 2008). A potentially problematic and understudied effect of the cross-
promotion of tobacco with marijuana-related content is the dual use of these products, a
relatively common practice among young adults (Kennedy, Caraballo, Rolle, & Rock, 2016).
Given these studies and our findings, future research should focus on marketing messages
that associate ENDS with marijuana and with other tobacco products to determine their
influence on the co-use of marijuana and tobacco.

While our study has important findings, it is not without limitations. Participants were
college students in Texas, and were overrepresented by female participants, therefore,
generalizability of our findings may be limited. Similar to many longitudinal studies focused
on substance use, marijuana users were less likely to have been included in the present study.
Future work with larger samples of young adults, including those who do not attend college,
are needed. Additionally, we did not examine the content or frequency of exposure to ENDS
advertisements that students are reportedly seeing. Future research may examine the
influence of frequency of exposure and content of ENDS advertisements and the influence
on attitudes toward marijuana use in ENDS. Despite these limitations, our study is the first
to find exposure to ENDS advertising is influencing college students to use marijuana in
ENDS, a finding that has potentially increasing importance as more states legalize
marijuana.

5. Conclusions

Recreational marijuana is now legal in a total of nine states and the District of Columbia as
of July 2018 (Robinson & Berke, 2018). Alongside legalization, more youth and young
adults report exposure to advertising and use of ENDS (Arrazola et al., 2015; Duke et al.,
2014; McMillen, Gottlieb, Shaefer, Winickoff, & Klein, 2015). While there is evidence that
vaporizing marijuana may be less harmful than inhaling smoke (Varlet et al., 2016), it is
important to prevent youth initiation and delay use among young adults whose brains may
still be developing. In sum, widespread marketing of ENDS and use of marijuana in ENDS
is a new phenomenon that requires robust research to inform policymakers, other
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researchers, and the public who are concerned with preventing youth and young adult
marijuana use.
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HIGHLIGHTS

Beyond nicotine, ENDS advertising predicted marijuana use in ENDS a year
later

Each additional location or channel of exposure increased odds of marijuana
use in ENDS by 8%

ENDS advertising predicted marijuana use in ENDS, even controlling for
tobacco use, marijuana use, and sensation seeking/impulsivity

A majority reported seeing ENDS marketing at convenience stores or on the
internet

Heavy marijuana users were more likely to use marijuana in ENDS
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Table 1

Socio-demographic characteristics and ENDS use behaviors (N = 3720).

Mean age in years (SD) 21.4 (2.3)

Sex (% male) 35.7

Race/Ethnicity -

% White 35.8

% Hispanic 30.2

% Asian 19.5

% Black 7.1

% Other / Multiple 7.4

School Type (% 4-year University) 93.3

ENDS and Marijuana Use Behaviors Wave 2 Wave 4
Ever used ENDS device 48.6% 54.41%
Past 30-day ENDS use 14.5% 10.4%
Past 6-months use of marijuana in ENDS - 10.0%
Past 6-months 22.2% 23.1%
Ever use of marijuana in ENDS 21.6% 28.62%
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Reported past 30-day e-cigarette ad exposure by location or channel and wave (N = 3720).

Wave 2 Wave 4
Convenience/grocery/drug stores  63.4% 58.4%
Internet 52.0% 43.1%
Magazine 36.0%  26.5%
Radio 29.7% 23.7%
Billboard 26.2% 22.0%
Music Festivals/Outdoor Events ~ 25.0%  22.2%
Bars/Clubs 22.1%  20.9%
Liquor Stores 20.2% 20.0%
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Multilevel binary logistic regression models predicting past six-months’ use of marijuana in an ENDS among

college students (N = 3720).

OR 95% ClI
W2 ENDS marketing exposure index  1.08  1.01-1.14
Age 0.90 0.80-1.01
Male sex (vs. female) 141 111-1.79
White Race (vs. non-white) 1.03 0.81-1.32
W2 ever use of marijuana in ENDS 337 259-4.38
W?2 tobacco use 1.84 1.43-2.36
W2 current marijuana use? 265 202-348
1-2 times 155 1.06-2.26
3-5times 223 1.37-3.64
6-9 times 279  1.58-4.93
10-19 times 439 2.66-7.24
20-39 times 6.09 3.45-10.77
40 or more 470  3.00-7.36
Sensation seeking 1.00 0.88-1.14
Impulsivity 1.18 1.03-1.35

Note: Both multilevel models accommodated clustering of students within the 24 schools. W2 = wave two was conducted in the spring of 2015 and
the outcome was measured at wave 4 in the spring of 2016.

Bold values indicate Odds Ratios that are significantly different than zero and p-values < .05

a - " . " .
OR = 2.65 corresponds to the overall association between W2 current marijuana use and past six-months marijuana use in ENDS (e.g. average OR

for one unit change in the predictor) while each group’s (e.g., 1-2 times) OR are the odds of past six-months marijuana use in ENDS compared to

students who reported use of marijuana “0 times” in the past month at W2.
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