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Introduction

Combustible cigarette use has decreased among young adults
(ages 18-24), but non-cigarette tobacco product (NCTP)
usage has increased in the United States among this age
group since 2011.1*1 NCTPs include cigars, pipes, hookah,
smokeless tobacco, and electronic cigarettes (e-cigarettes),

ABSTRACT

Objectives: Previous research has shown that e-cigarette use is rising among young
adults, but it is unknown whether the dual use of alcohol and marijuana is associated
with e-cigarette use in a U.S.A. nationally representative sample.

Methodology: Secondary analysis of the Population Assessment of Tobacco and
Health 2013-2014 nationally representative sample of young adults (aged 18-24)
was conducted to examine the relationships between dual ever and dual current use of
alcohol and marijuana with e-cigarette use. Multiple logistic regression models were
used to explore the associations between dual ever and dual current use alcohol and
marijuana with two outcomes: Past 30 days and former experimental e-cigarette use.
Covariates included sex, race/ethnicity, education level, household income, and the
total number of tobacco products ever used.

Results: Dual ever use of alcohol and marijuana was significantly associated
with past 30 days use (adjusted odds ratio [AOR] = 2.20; 95% confidence interval
[CI] = 1.67-2.91) and former experimental e-cigarette use (AOR = 2.82; 95%
CI = 2.23-3.57). Exclusive ever marijuana use was also significantly associated
with each outcome, while exclusive ever alcohol use was associated with former
experimental e-cigarette use. Exclusive current marijuana use, exclusive current alcohol
use, and dual current use of both substances were significantly associated with past
30-day e-cigarette use, but not former experimental e-cigarette use.

Conclusions: These findings indicate that young adult dual users of marijuana and
alcohol have increased odds of e-cigarette use. In addition, exclusive current and ever
marijuana users had the highest odds e-cigarette use, higher than young adult dual
users of alcohol and marijuana, indicating that marijuana users may be an important
group to target with intervention programs.

Keywords: Alcohol, electronic cigarettes, marijuana, non-cigarette tobacco products,
young adults

and 5.7% reported past 30-day e-cigarette use.!! In addition,
the prevalence of ever e-cigarette use among students in grades
6—-12 was 8.1%, as shown by data from the National Youth
Tobacco Survey.!'! These findings show that young adults
in the U.S.A. exhibit the highest rates of e-cigarette use, and
research is needed to determine what other substance-use
behaviors influence this trend.

which generate inhalable nicotine aerosol by heating a nicotine

solution when they are used as intended.!
the National Adult Tobacco Survey found that, among U.S.
adults (aged 18-24 years), the prevalence of ever e-cigarette
use more than doubled from the previous year to 35.8% and
the prevalence of past 30-day e-cigarette use was 13.6%, while
among adults 25 and older, 16.4% reported ever e-cigarette use
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11n 2014, data from

The emerging adulthood hypothesis claims that young
adulthood (ages 18-25) is a distinct developmental period
that features independent role exploration and identity
exploration.”? Some of the strongest evidence for the emerging
adulthood hypothesis comes from trends in psychoactive
substance use, as young adulthood is characterized by an
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increase in the use of many different psychoactive substances
that have potential negative health consequences.>”* A survey
conducted by the Substance Abuse and Mental Health Services
Administration found that, in 2014, the prevalence of past 30-
day alcohol use among young adults (aged 18-25) was 59.6%
and the prevalence of past 30-day marijuana use in young
adults was 19.6%,™ which were higher than the prevalence’s
among other age groups studied, including adolescents aged
12-17 and adults aged 26 and older.”

Previous research has established that the couse of alcohol
with tobacco products, marijuana with tobacco products, as
well as alcohol and marijuana use are all common substance
use behavior patterns in young adults.37%121 Researchers
are now starting to generate evidence on the association
between alcohol and marijuana use with e-cigarette use, but
the evidence is mixed, and dual use of both substances has not
been explored. Using data from 2013, researchers examined
the link between alcohol and marijuana use with e-cigarette
use in a U.S.A. nationally representative sample of young
adults (ages 18-24).[1" They found that after controlling for
covariates, current (past 30-day) alcohol use was significantly
associated with increased odds of past 30-day e-cigarette use
(adjusted odds ratio [AOR] =9.03) and that current marijuana
use was significantly associated with increased odds of past
30-day e-cigarette use (AOR=2.31).l'1 However, a different
U.S.A. nationally representative study found no association
between current marijuana use and NCTP use, which included
e-cigarettes, snus, dissolvables, chewing tobacco, dip, or
snuff.P! Finally, a convenience sample of college students in
New York found that past year marijuana use was significantly
associated with past 30-day e-cigarette use (AOR =2.37), but
the association between past 30-day alcohol use and past 30-
day e-cigarette use was not significant.’”? More research using
different study samples and research approaches is needed to
further clarify these mixed findings exploring if alcohol and
marijuana use is associated with e-cigarette use in the United
States.

The current study sought to explore patterns of alcohol and
marijuana use among e-cigarette users for several reasons.
The couse of alcohol and marijuana is well established,!
so exploring the dual use of both substances as exposure for
e-cigarette use is warranted to determine the effect of these
risky behaviors on e-cigarette use. Lifetime tobacco use,
including cigarettes and NCTPs, is primarily established
during emerging adulthood,!" and there are significant
health implications for preventing e-cigarette use among
young adults. Furthermore, recent research has shown that
e-cigarette users who have never smoked a combustible
cigarette exhibit increased risk of cigarette smoking after
1 year of follow-up, indicating that e-cigarette use may be a
risk factor for subsequent combustible cigarette use.[">! This
trend is concerning because studies of toxicant and carcinogen
metabolites have shown that combustible cigarettes are more
harmful to health than e-cigarettes.[') The risks of long-term

health consequences, such as chronic obstructive pulmonary
disease and lung cancer, which result from nicotine’s effect
on the respiratory and cardiovascular systems are elevated
when individuals initiate and establish tobacco product use
during emerging adulthood.'” While the long-term effects
of e-cigarette use are unknown, the use of any product that
contains nicotine should be concerning, and more research is
needed exploring the factors that contribute to e-cigarette use
in this age group.

The current study conceptualizes dual ever use of alcohol
and marijuana, as well as dual past-30 day use (from now
on referred to as current use) of alcohol and marijuana as
hypothesized exposures for e-cigarette use, above and beyond
exclusive use of each substance alone. The primary goal
of this study was to explore combinations of substance use
(never alcohol nor marijuana use, exclusive ever alcohol use,
exclusive ever marijuana use, and ever use of both alcohol
and marijuana, as well as non-current alcohol nor marijuana
use, exclusive current alcohol use, exclusive current marijuana
use, and dual current use of alcohol and marijuana) across
e-cigarette use outcomes in the Population Assessment of
Tobacco and Health (PATH) 2013-2014 sample of young
adults (ages 18—24). By considering both dual and exclusive
use of alcohol and marijuana as exposures, as well as both past
30-day and past experimentation with e-cigarettes as outcomes,
this study adds to the literature elucidating the role of risky
substance-use behaviors in the uptake of an emerging class of
tobacco products.

Methods

Study design and participants

The PATH study used a four-stage stratified area probability
sampling design to generate a nationally representative sample
of U.S. adults in 2013-2014, and its methodology has been
described elsewhere!! with a summary provided here. The
target population consisted of the civilian household population
of individuals aged 12 and older in all 50 U.S. states, and wave
1 data were collected from September 2013 to December
2014 using Audio Computer-Assisted Self-Interviewing
with 32,320 adults (18 and older) completing the study.
The overall weighted adult survey response rate was 74.0%,
which was based on the household inverse probability of
selection and the inverse of the within-household probability
of selection. The current study implemented a secondary data
cross-sectional analysis of the PATH 2013-2014 young adult
sample of participants in the 1824 year old age category
(n = 9.112) because previous research has identified this
population as at higher risk of using alcohol and marijuana, as
well as e-cigarettes,!>!" and the publicly available PATH data
categorizes participants into an age category with this range.
This secondary analysis was reviewed by the Committee for
the Protection of Human Subjects of the University of Texas
Health Science Center at Houston (HSC-SPH-16-1088).
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Outcomes

Two outcome variables concerning e-cigarette use classified
participants as different types of e-cigarette users based their
answers to questions about their frequency of e-cigarette
use. Participants were asked: (1) “Have you ever used an
e-cigarette, such as NJOY, Blu, or Smoking Everywhere, even
one or two times?”’ (2) “Have you ever used e-cigarettes fairly
regularly?” (3) “Do you now use e-cigarettes?” and (4) “In
the past 30 days, have you used an e-cigarette, even one or
two times?” Response options to the first three questions were
“yes,” “no,” and “don’t know,” and response options for the
fourth question were “every day,” “some days,” and “not at all.”

Our first outcome was past 30-day e-cigarette use. Participants
who answered “yes” to the first question and “every day” or
“some days” to the fourth question were identified as past
30-day e-cigarette users. The second outcome was former
experimental e-cigarette use. Participants who answered
“yes” to the first question and “no” to the second, third, and
fourth questions were categorized as former experimental
e-cigarette users.

Combinations of exposure to ever alcohol use
and ever marijuana use

Ever use of alcohol and marijuana was considered as exposures
for e-cigarette use, and answers to survey questions were
used to create combinations of exposure. Ever alcohol use
was asked: “Have you ever used alcohol at all including
sips of someone’s drink or your own drink?”” Ever marijuana
use was asked with two questions: “Have you ever used
marijuana, hash, THC, grass, pot, or weed?” and “Have you
ever smoked part or all of a cigar, cigarillo, or filtered cigar
with marijuana in it?” Response options for all questions
included “yes” and “no,” and these responses were used
to create four combinations of exposure. Participants who
answered “yes” to the question about alcohol use and “yes”
to either question about marijuana use were categorized as
dual ever users of both substances. Participants who answered
“yes” to ever use of alcohol and “no” to both questions on ever
use of marijuana were categorized as exclusive ever alcohol
users, and participants who answered “yes” to either question
about ever marijuana use and “no” to ever alcohol use were
categorized as exclusive ever marijuana users. Participants who
answered “no” to all questions about marijuana and alcohol
use were categorized as never users of both substances. These
responses were coded in a single variable to represent the four
combinations of ever alcohol and ever marijuana use, with
never alcohol nor marijuana use serving as the referent.

The second set of combinations of exposure to alcohol and
marijuana was created to reflect exposure to the current use
of these substances. Time since last alcohol use was asked
among participants who reported ever use of alcohol: “How
long has it been since you last used alcohol?”” Time since last
marijuana use was asked to participants who reported ever
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use of marijuana: “How long has it been since you last used
marijuana?” Response options for both questions were “within
the past 30 days,” “more than 30 days ago, but within the
past year,” and “more than a year ago.” These variables were
recorded in binary variables to reflect past 30-day use (yes/no).
Participants who answered “within the past 30 days” to the
question about alcohol use and “within the past 30 days” to the
question about marijuana use were categorized as dual current
users of both substances. Participants who answered “within
the past 30 days” to the question about alcohol use and one of
the other two responses to the question about marijuana were
categorized as exclusive current alcohol users. Participants
who answered “within the past 30 days” to the question
about marijuana use and one of the other two responses to
the question about alcohol use were categorized as exclusive
current alcohol users. Participants who responded that they
did not use neither alcohol nor marijuana in the past 30-days
were categorized as non-current users of both substances. All
responses were coded into a single variable to represent the
four combinations of exposure to current alcohol and marijuana
use, with non-current users of both substances serving as the
referent.

Covariates

Covariates that were controlled for in analysis include sex,
race/ethnicity, education level, household income, and the
total number of tobacco products ever used because these
covariates have been shown to exhibit a relationship with
both e-cigarette use and alcohol and marijuana use.731218.19]
The 2013-2014 public data for PATH measured participant
race and ethnicity with the following categories, which were
combined to create a single measure of race/ethnicity: White,
Black, Hispanic, and Other. In this manuscript we will refer to
participants that responded with “White” race as “Caucasian”
and participants that responded with “Black” race as “African
American”. Education level was asked to participants: “What
is the highest grade or level of school you completed?”” With
response options: Less than high school, general education
development (GED), high school graduate, some college or
associates degree, Bachelor’s degree, or advanced degree.
GED and high school graduate were collapsed into a single
category, and the Bachelor’s Degree and Advanced degree
were collapsed together due to the low sample size in these
categories. Household income was asked to participants:
“Which of the following categories best describes your total
household income in the past 12 months?” With response
options: <$10,000; $10,000-$24,999; $25,000-$49,999;
$50,000-$99,999; and $100,000 or more into a single category.
We also collapsed $50,000-$99,999 and the $100,000 or more
together due to low sample size. In addition, response options
for do not know and refused question were included as viable
response options due to high sample sizes in these responses
for the survey question about household income. Due to the
low sample size for these response options in other variables,
these values were set to missing. The total number of tobacco
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products ever used (other than e-cigarettes) was assessed using
a new variable that summed participant responses (no = 0,
yes = 1 for a total possible sum of 9) to questions that asked:
“Have you ever used (tobacco product), even once or twice?”
For nine different tobacco products, which included cigarettes,
traditional cigars, cigarillos, filtered cigars, pipe tobacco,
hookah, smokeless tobacco, dissolvable tobacco, and snus.[®!

Statistical methods

Final full-sample person-level sampling weights to account
for the complex survey design with 100 replicate weights
and design variables were used for variance estimation in the
analysis of PATH."# Sampling weights were used to account
for oversampling of certain population groups and accounted
for non-response.** Weighted means and standard errors (SE)
are provided for continuous variables, and weighted proportions
and frequencies are provided for categorical variables. Missing
data patterns revealed that 8954 (n =30,194,335) young adult
participants had complete data for the outcomes, exposures,
and covariates representing 99% of the original sample of
young adults. The total missingness for all study variables was
>1%, so only participants with complete data were included
in analysis,?™ and analyses were conducted in Stata statistical
software version 14.2.2

Weighted univariate logistic regression methods were used
to evaluate the combinations of exposures, as well as each
covariate with each e-cigarette use outcome. Likelihood ratio
adjusted Wald tests were used to assess if exposures and
covariates should be included in the final adjusted models
for both outcomes using the criteria of P < 0.20 for inclusion.
Weighted multivariable logistic regression methods were
used to generate adjusted odds ratios and 95% confidence
intervals are reported exploring the cross-sectional relationship
between dual ever use of alcohol and marijuana (as well as
each combination of exposure) and dual current use of alcohol
and marijuana (as well as each combination of exposure) for
each e-cigarette use outcome. Likelihood ratio adjusted Wald
tests were conducted after running the final adjusted model to
determine if the exposure variable was a significant predictor
of the outcome while taking into account the effect of the
covariates. F-test statistics with P < 0.05 was considered
significant.

Results

Descriptive statistics for the total PATH Wave 1 nationally
representative sample of young adults (n=8954; N=30,194,335)
and across both of the e-cigarette user types are shown in
Table 1. Overall, 49.8% were females, 55.2% were Caucasian,
15.3% were Hispanic, 14.6% were African American and
15.0% were other race, and 56.5% of the young adults had
some degree of college education. The prevalence of exclusive
ever alcohol use was 36.3% among the total young adult
sample, 3.4% were exclusive ever marijuana users, and 41.1%

had ever used both substances [Table 1]. The mean number
of tobacco products ever used by all young adults was 2.10
(standard error = 0.04). The prevalence of former experimental
e-cigarette use was 16.0% (n=1879; N=4,816,942) and 12.4%
(n=1485; N=3,734,432) reported past 30-day e-cigarette use,
which is similar to other U.S.A. national estimates.!"! Across
the e-cigarette use outcomes, 70.5% of past 30-day e-cigarette
users reported ever use of both alcohol and marijuana and
66.6% of former experimental e-cigarette users reported
ever use of both alcohol and marijuana. Among past 30-day
e-cigarette users, 46.4% reported the dual current use of alcohol
and marijuana, while 36.9% of former experimental e-cigarette
users reported the dual current use of alcohol and marijuana.
Past 30-day e-cigarette users and former experimental
e-cigarette users reported ever use of around four tobacco
products, on average.

The results of univariate analyses revealed that the combinations
of exposure to ever alcohol and ever marijuana use were
significantly associated with each outcome. Unadjusted
associations for exposures and covariates are presented in
Table 2. Sex, race/ethnicity, household income, education level,
and total number of tobacco products ever used all met the
requirements for inclusion in the multivariable models for both
outcomes. Adjusted associations for exposures and covariates
are presented in Table 3. While some of the demographic
factors and the number of tobacco products ever used exhibited
significant associations with e-cigarette use outcomes, the
strongest associations were with the combinations of exposure
to alcohol and marijuana use.

After adjusting for covariates, dual ever use of alcohol and
marijuana remained associated with past 30-day e-cigarette
use (AOR =2.20; 95% confidence interval [CI] = 1.67-2.91).
In addition, the odds of past 30-day e-cigarette use were
2.60 (95% CI = 1.79-3.77) times higher in exclusive ever
marijuana users compared to participants who had never used
alcohol or marijuana. However, exclusive ever alcohol use was
not significantly associated with past 30-day e-cigarette use
(AOR = 1.17; 95% CI = 0.84-1.62). It should be noted that
the odds of past 30-day e-cigarette use among exclusive ever
marijuana users were higher than the odds ratio for e-cigarette
use among young adult dual ever alcohol and marijuana users,
as well as young adults who were exclusive ever alcohol
users. In addition, while other tobacco use was hypothesized
to have a strong relationship with e-cigarette use, the odds of
past 30-day e-cigarette use among young adults who had ever
used other tobacco products were 1.54 (95% CI = 1.49-1.60),
which shows that exclusive ever marijuana use and dual ever
use of alcohol and marijuana were more strongly associated
with past 30-day e-cigarette use.

After adjusting for covariates, the odds of past 30-day
e-cigarette use were 2.21 (95% CI = 1.68-1.93) times higher
in dual current users of alcohol and marijuana compared to
young adults who had not used alcohol or marijuana in the
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Table 1: Participant characteristics for the 2013-2014 PATH young adults (ages 18-24) by e-cigarette user type

Variables Total sample Past 30 days E-cigarette Former experimental
n (weighted %) users n (weighted %) E-cigarette users n (weighted %)
8954 (100.0) 1485 (12.4) 1879 (16.0)
Sex
Male 4522 (50.2) 916 (63.1) 1020 (55.8)
Female 4432 (49.8) 569 (36.9) 859 (44.2)
Race/ethnicity
Caucasian 4656 (55.2) 879 (61.9) 1061 (61.0)
African American 1499 (14.6) 150 (9.1) 240 (11.0)
Hispanic 1536 (15.3) 248 (14.1) 308 (14.8)
Other 1263 (15.0) 208 (14.9) 270 (13.2)
Household income
<§$10,000 2517 (25.7) 443 (28.0) 506 (25.6)
$10,000-$24.,999 2053 (21.5) 375 (24.5) 488 (25.3)
$25,000-$49,999 1507 (17.2) 246 (17.3) 325(17.3)
$50,000-$100K+ 1906 (24.0) 277 (20.6) 375 (21.9)
Don’t know 585 (7.0) 86 (5.7) 104 (5.4)
Refused question 386 (4.6) 58 (3.9) 81 (4.2)
Education level
Less than high school 1115 (10.7) 236 (14.5) 213 (9.9)
High school grad/GED 3294 (32.8) 603 (36.0) 726 (34.3)
Some college/associate degree 3613 (43.3) 552 (41.7) 771 (44.6)
Bachelor’s/advanced degree 932 (13.2) 94 (7.8) 169 (11.2)
Combinations of ever alcohol and ever marijuana use
Never alcohol nor marijuana use 1360 (19.2) 96 (6.2) 118 (5.8)
Exclusive ever alcohol use 2775 (36.3) 250 (17.0) 417 (22.4)
Exclusive ever marijuana use 388 (3.4) 102 (6.3) 97 (5.1)
Dual ever use of alcohol and marijuana use 4431 (41.1) 1,037 (70.5) 1,247 (66.6)
Combinations of current alcohol and current marijuana use
Non-current alcohol and marijuana use 686 (16.4) 109 (10.4) 193 (14.8)
Exclusive current alcohol use 1766 (43.3) 354 (35.5) 407 (42.3)
Exclusive current marijuana use 256 (5.5) 74 (7.8) 76 (5.9)
Dual current use of alcohol and marijuana 1547 (34.8) 459 (46.4) 438 (36.9)
Total number of tobacco products ever used
Mean (SE) 2.10 (0.04) 4.25 (0.06) 3.74 (0.04)

“The weighted proportions for past 30-day e-cigarette use and former experimental e-cigarette use do not equal 100% because there were other types of e-cigarette users measured in PATH, including never
users of e-cigarettes that are not included here. n: sample size; %: weighted percentage rounded to the nearest tenth,

G.E.D: General Education Development, Total number of tobacco products ever used: Cigarettes, traditional cigars, cigarillos, little/filtered cigars, pipe tobacco, hookah, smokeless tobacco, snus, and
dissolvable tobacco. SE: Standard error, PATH: Population assessment of tobacco and health

past 30 days. In addition, the odds of past 30-day e-cigarette
use were significantly higher in participants who were
exclusive current alcohol users (AOR = 1.43; 95% CI =
1.09-1.88), and exclusive current marijuana users exhibited
the highest odds of past 30-day e-cigarette use (AOR = 2.42;
95% CI = 1.59-3.70). While other tobacco product use was
significantly associated with past 30-day e-cigarette use
(AOR = 1.42; 95% CI = 1.09-1.88), both exclusive current
marijuana use and dual current use of alcohol and marijuana
were more strongly associated with past 30-day e-cigarette use.
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After adjusting for covariates, the odds of former experimental
e-cigarette use were 2.82 (95% CI= 2.23-3.57) times higher
in dual ever users of alcohol and marijuana compared to
never users of alcohol or marijuana. In addition, the odds
of former experimental e-cigarette use were significantly
higher in participants who were exclusive ever alcohol users
(AOR = 1.73; 95% CI = 1.35-2.22), as well as participants
who were exclusive ever marijuana users, compared to those
who had never used alcohol or marijuana (AOR= 2.97; 95%
CI = 2.08-4.23). It should also be noted that while other
tobacco product use was significantly associated with former
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Table 2: Unadjusted multiple logistic regression models of alcohol use and marijuana use on e-cigarette use outcomes in the PATH
2013-2014 sample of young adults (ages 18-24)

Variables Past 30-day use of e-cigarettes (vs. nonusers) Former experimental use of e-cigarettes (vs. nonusers)

Unadjusted OR (95% CI) Unadjusted OR (95% CI)

Ever use of alcohol and marijuana

Never alcohol nor marijuana 1.00 (ref) 1.00 (ref)
Exclusive ever alcohol use 1.47 (1.06-2.03) 2.16 (1.67-2.80)
Exclusive ever marijuana use 7.24 (5.06-10.36) 6.38 (4.53-8.99)
Dual ever use of alcohol and marijuana 6.45 (4.88-8.52) 6.90 (5.47-8.70)
Sex
Male 1.00 (ref) 1.00 (ref)
Female 0.55 (0.49-0.61) 0.76 (0.68-0.86)
Race/ethnicity
White 1.00 (ref) 1.00 (ref)
Black 0.52 (0.41-0.66) 0.64 (0.53-0.78)
Hispanic 0.85(0.71-1.01) 0.85 (0.72—1.00)
Other 0.82 (0.67-1.01) 0.76 (0.62-0.93)

Household income
<$10,000
$10,000-$24,999
$25,000-$49,999
$50,000-$100K+
Don’t know

Refused question

1.00 (ref)
1.05 (0.89-1.24)
0.91 (0.74-1.12)
0.76 (0.63-0.92)
0.72 (0.54-0.96)
0.75 (0.53-1.05)

Education level

1.00 (ref)
1.22 (1.04-1.42)
1.00 (0.84-1.20)
0.90 (0.76-1.06)
0.75 (0.56-0.97)
0.88 (0.66-1.18)

Less than high school 1.00 (ref) 1.00 (ref)
High school grad/GED 0.78 (0.64-0.96) 1.16 (0.97-1.38)
Some college/associate degree 0.67 (0.54-0.83) 1.14 (0.94-1.38)
Bachelor’s/advanced degree 0.39 (0.29-0.53) 0.90 (0.70-1.16)
Total number of tobacco products ever used 1.61 (1.57-1.65) 1.47 (1.43-1.50)

OR: Odds ratio, CI: Confidence interval, GED: General education development, PATH: Population assessment of tobacco and health

Table 3: Adjusted multiple logistic regression models of alcohol use and marijuana use on e-cigarette use outcomes in the PATH

2013-2014 sample of young adults (ages 18-24)

Variables

R (95% CI)

Ever use of alcohol and marijuana

AOR (95% CI)

Never alcohol nor marijuana 1.00 (ref) 1.00 (ref)

Exclusive ever alcohol use 1.17 (0.84-1.62) 1.73 (1.35-2.22)

Exclusive ever marijuana use 2.60 (1.79-3.77) 2.97 (2.08-4.23)

Dual ever use of alcohol and marijuana 2.20 (1.67-2.91) 2.82(2.23-3.57)
f-test (df) 20.52 (3,97) 33.16 (3, 97)
P-value P<0.0001 P<0.0001
Sex

Male 1.00 (ref) 1.00 (ref)

Female 1.08 (0.93-1.26) 1.26 (1.10-1.44)
Race/ethnicity

White 1.00 (ref) 1.00 (ref)

Black 0.77 (0.60-0.99) 0.89 (0.74-1.07)

(Contd...)
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Table 3: Continued

Logistic regression models for ever use of alcohol and marijuana

Past 30-day use of e-cigarettes (vs. nonusers) Former experimental use of e-cigarettes (vs. nonusers)

Variables

Hispanic
Other
Household income
<$10,000
$10,000-$24,999
$25,000-$49,999
$50,000-$100K+
Don’t know
Refused question
Education level
Less than high school
High school grad/GED
Some college/associate degree
Bachelor’s/advanced degree
Total number of tobacco products ever used

Logistic regression models for current use of
alcohol and marijuana

Current use of and marijuana
Neither alcohol nor marijuana
Exclusive current alcohol use
Exclusive current marijuana use
Dual current use of alcohol and marijuana

f-test (df)

P-value

Sex
Male
Female

Race/ethnicity
White
Black
Hispanic
Other

Household income
<$10,000
$10,000-$24,999
$25,000-$49,999
$50,000-$100K+
Don’t know
Refused question

Education level
Less than high school
High school grad/GED
Some college/associate degree
Bachelor’s/advanced degree

Total number of tobacco products ever used

AOR (95% CI)
1.07 (0.87-1.31)
1.23 (0.98-1.56)

1.00 (ref)
0.97 (0.81-1.15)
0.95 (0.74-1.20)
0.73 (0.60-0.90)
1.00 (0.74-1.35)
0.92 (0.64-1.34)

1.00 (ref)
0.76 (0.60-0.95)
0.57 (0.45-0.73)
0.34 (0.24-0.47)
1.54 (1.49-1.60)

1.00 (ref)
1.43 (1.09-1.88)
2.42 (1.59-3.70)
2.21(1.68-2.93)

13.61 (3,97)

P<0.0001

1.00 (ref)
1.12 (0.92-1.35)

1.00 (ref)
0.66 (0.46-0.94)
1.06 (0.85-1.32)
1.17 (0.91-1.52)

1.00 (ref)
0.97 (0.78-1.22)
0.97 (0.71-1.33)
0.81 (0.63-1.03)
1.03 (0.69-1.53)
1.23 (0.72-2.09)

1.00 (ref)
0.74 (0.57-0.97)
0.57 (0.42-0.77)
032 (0.21-0.47)
1.42 (1.36-1.48)

AOR (95% CI)
1.06 (0.89-1.26)
1.06 (0.87-1.29)

1.00 (ref)
1.11 (0.95-1.29)
0.98 (0.82—-1.17)
0.82 (0.69-0.99)
0.93 (0.71-1.23)
1.06 (0.78-1.45)

1.00 (ref)
1.18 (0.98-1.41)
1.02 (0.83-1.25)
0.85 (0.64-1.12)
1.40 (1.35-1.44)

1.00 (ref)
1.05 (0.85-1.30)
1.14 (0.78-1.69)
1.06 (0.86-1.30)

0.22 (3,97)
P=0.88

1.00 (ref)
1.27 (1.10-1.48)

1.00 (ref)
0.83 (0.64-1.09)
1.10 (0.86-1.41)
0.93 (0.75-1.16)

1.00 (ref)
1.17 (0.96-1.42)
1.02 (0.83-1.26)
0.82 (0.67-0.99)
0.91 (0.62-1.32)
0.98 (0.61-1.59)

1.00 (ref)
1.08 (0.82-1.43)
0.98 (0.73-1.31)
0.92 (0.62-1.39)
1.24 (1.19-1.29)

AOR: Adjusted odds ratio, CI: Confidence interval, GED: General Education Development
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experimental e-cigarette use (AOR = 1.37; 95% CI = 1.35—
1.44), all categories of ever alcohol and ever marijuana use
were more strongly associated with this type of e-cigarette use.

After adjusting for covariates, none of the combinations
of exposure to current alcohol and/or marijuana use were
significantly associated with former experimental e-cigarette
use (F-test=0.22, df =3, 97 P =0.88), or there may not have
been enough sample size across the categories of exposure
to detect a difference. However, other tobacco product use
remained significantly associated with former experimental
e-cigarette use in the adjusted model (AOR = 1.24; 95%
CI=1.19-1.29).

Discussion

This study adds to the literature by identifying patterns
between risky substance use behaviors and an emerging class
of tobacco products. Specifically, we found that dual ever
alcohol and marijuana use increased the odds of past 30-day
and former experimental e-cigarette use and that dual current
alcohol and marijuana use significantly increased the odds
of past 30-day e-cigarette use. Our findings extend previous
research by finding that dual use of both alcohol and marijuana
significantly increased the odds of past 30-day e-cigarette use
and former experimental e-cigarette use, rather than looking
at the contribution of each type of substance use separately.
These findings are consistent with a study of college students
which found that marijuana use significantly increased odds of
past 30-day e-cigarette use (AOR =2.37; CI=1.69-3.31)." In
addition, our overall findings are similar to research by Cohn
et al. and colleagues, who found that alcohol use every day/
some days (AOR =9.03, 95% CI: 2.18-37.36) and marijuana
use every day/some days (AOR = 3.30; 95% CI: 1.56-6.43)
were each significantly associated with e-cigarette use.!'"!
However, it should be noted that the pattern of results in this
study is different from the study by Cohn ef al. and colleagues:
Exclusive ever and exclusive current marijuana use were the
exposures that had the highest odds ratios for e-cigarette use,
while alcohol users exhibited the highest odds of e-cigarette use
in their study. It should also be noted that both current and ever
exclusive alcohol use exhibited the lowest odds ratios across
the e-cigarette outcomes. The findings that exclusive ever
alcohol use was not significantly associated with past 30-day
e-cigarette use, as well as that exclusive current alcohol use
was not associated with former experimental e-cigarette use,
are similar to a previous research study which also found no
associations between ever alcohol use and past 30-day alcohol
use with past 30-day e-cigarette use.l”? Alcohol use is a highly
prevalent behavior, and it is possible that e-cigarette users do
not differ from non-users of e-cigarettes in terms of alcohol
use in this nationally representative study sample.

Despite being the exposure group with the smallest sample

size, both ever and current exclusive marijuana users had the
highest odds of past 30-day e-cigarette use, and ever exclusive

marijuana users had highest odds of former experimental
e-cigarette use. This was contrary to our original hypothesis that
dual users of alcohol and marijuana would exhibit the highest
odds of e-cigarette use. It is possible that this association can
be explained by the fact that e-cigarette devices can be filled
with marijuana oils instead of nicotine solution. Users report
that this emerging mode of marijuana administration is better
tasting, more efficient, and cost-effective, and users report a
perceived reduction in respiratory harm.??! Previous research
has shown that among states without medical marijuana laws
53.8% of marijuana users reported ever use of an e-cigarette
device to vape marijuana, while 68.6% of marijuana users
living in states with medical marijuana laws reported ever use
of an e-cigarette device to vape marijuana.” This indicates
that research on e-cigarette devices being used to vape
marijuana is an important trend to watch, as more states are
legalizing marijuana for medical and recreational use. The
mode of marijuana administration is not available in PATH
wave 1, and therefore, was not assessed in this study, and
future researchers should consider whether e-cigarette users
are using their e-cigarette devices to also vape marijuana when
examining this association. Our findings indicate that exclusive
marijuana users may be a group that is particularly vulnerable
to e-cigarette use, and intervention campaigns should target
marijuana users directly.

There are several additional explanations that can account
for the significant findings in this study. First, previous
research has shown that reasons for e-cigarette use include
curiosity and experimentation,”*! and experimentation with
e-cigarettes is associated with sensation seeking,!'!! which is a
trait typically associated with alcohol and marijuana users.
Second, research has established that individuals who use
psychoactive substances have increased odds of using more
than one substance, and our findings suggest e-cigarette
use is a component of poly-substance use and poly-tobacco
use.”! In this study, past 30-day e-cigarette users had tried the
highest number of tobacco products (m = 4.25), indicating a
willingness to experiment with different tobacco products,
which could lead to the current use of tobacco products that
have well-known adverse health effects such as cigarettes.
Third, research has indicated that young adults who use
with alcohol and marijuana are more likely than non-users
to prescribe to the view that alcohol, marijuana, and tobacco
products are not harmful.?’?¥] Finally, the observed associations
between ever and current use of alcohol and marijuana with
e-cigarette use are in alignment with the emerging adulthood
hypothesis, which states that emerging adulthood (ages 18-25)
is the developmental period characterized by the highest
amount of substance use compared to other age groups, as
well as the initiation of tobacco products.?”!

Strengths and limitations

There are substantial gaps in the literature in regard to how
alcohol and marijuana use contributes to e-cigarette use
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among a national sample of U.S.A. young adults. This study
helped to fill in that gap by examining the associations of
alcohol and marijuana use contemporaneously, in a nationally
representative sample. By considering participants’ dual use
of alcohol and marijuana, we were able to identify how these
associations vary compared to the exclusive use of each
substance. Finally, most of the other research on e-cigarette use
analyzed past 30-day use or ever use, while the current study
includes former experimental e-cigarette users. Importantly,
former experimental users constituted a significant proportion
of the total study sample (16.0%) and featured strong
associations with dual ever use of alcohol and marijuana, as
well as exclusive use of each substance, so researchers in the
future should examine this group thoroughly to determine
if this subgroup represents a particular type of experimental
substance user. Individuals who use psychoactive substances
are at risk for using a variety of substances that can result in
adverse health outcomes (i.e., respiratory and cardiovascular
damage from nicotine, liver damage and cardiovascular disease
from alcohol, attention, and learning and memory deficits
from marijuana), and future interventions should be designed
that comprehensively target poly-substance users instead of
targeting the use of these substances separately.

This study also included some limitations. First, it was
secondary data analysis, so it was limited to the self-reported
data that were collected by the initial researchers. Second, we
used a cross-sectional design, so causality and directionality
cannot be determined. Future researchers should consider the
longitudinal nature of the associations presented in this study.
In addition, using e-cigarette devices to vape marijuana were
not measured in PATH wave 1, and future researchers should
examine if this behavior is a confounder in the association
between marijuana use and e-cigarette use. Finally, previous
research has shown that sensation seeking, and impulsivity
may be confounders in tobacco use behaviors, but their
contributions in associations were not addressed here because
they were not included in the PATH wave one public data.

Conclusion

Given that associations between dual use of alcohol and
marijuana with e-cigarette use outcomes remained significant
after controlling for covariates, we show that ever and current
users of alcohol and marijuana exhibit increased odds of
e-cigarette use, which have been shown to usually contain
nicotine and other potentially toxic chemical constituents that
have not been fully assessed for safety when inhaled.?” The
consistent findings across both ever and current use of alcohol
and marijuana provide strong evidence that these behaviors
are associated with e-cigarette use. More research is needed
to determine if these three behaviors cooccur, and to assess
longitudinal patterns in young adults. Public health prevention
programs should target young adults who are at risk of using
all three substances to comprehensively address young adult
substance use, rather than programs that target the use of these

International Journal of Health Sciences

substances separately, as well as intervening before individuals
become binge drinkers or heavy marijuana users. Marijuana
users, in particular, may represent an important subgroup to
target with intervention campaigns since this group exhibited
the highest odds of e-cigarette use, above and beyond the dual
use of marijuana and alcohol. Strategies that could address
these substance use behaviors include raising the minimum
age of tobacco sales, mass-reach health communication
interventions using social media and other platforms used by
young adults®! and event-based strategies (i.e., intervention
campaigns conducted in bars, clubs, and music concerts)?** to
dissuade use among young adults in the places where substance
use is likely to occur. In conclusion, the associations between
both ever and current use of alcohol and marijuana with
e-cigarette use across different e-cigarette users reveal that
these types of substance users are important subpopulations
to target in public health interventions aimed at reducing the
public health burden accounted for by e-cigarettes.!'”
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