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Abstract

The most widely used illicit drug in the United States (US) continues to be marijuana, and its use
among emerging adults continues to rise. Marijuana use can result in a range of negative
consequences and has been associated with other drug use in adolescents and emerging adults.
This study examined the relationship between marijuana use frequency and use of six other drug
classes (opiates, cocaine, stimulants, hallucinogens, inhalants, and sleep medications) among
emerging adults. The design was a cross-sectional interview with a community sample of 1,075
emerging adults in the northeastern US. Using logistic regression analysis controlling for age,
ethnicity, gender, and frequency of binge alcohol, daily marijuana use was associated with a
significant increase in the expected odds of opiate, cocaine, stimulant, hallucinogen, inhalant, and
tobacco use. The findings identify a subgroup of emerging adult marijuana users — those who use
daily —that may be vulnerable to additional negative consequences associated with polysubstance
use.
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Introduction

Marijuana continues to be the most widely used illicit drug in the United States (US), with
approximately 32% of non-college, and 35% of college-attending, 18-25 year-olds reporting
past year use, and 19% of emerging adults (18-29 years old) reporting past month marijuana
usel2, Treatment-seeking rates for marijuana use increased by 162% from 1992-2002, with
one-third among 18-25 year olds, with this group at higher risk for negative consequences
associated with use, including a range of impairments, accidents, and injuriesS.
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Previous work has found that marijuana use is associated with the use of other substances.
Concurrent polysubstance use is defined as the use of two or more substances within a given
time period (e.g., over the last month, or year) and can lead to dramatic health consequences
due to the additive or interactive effects of combining substances*~". Higher rates of
concurrent polysubstance use in emerging adults®° may be due to accessibility and
availability of drugs0, personality traits1112, the role of marijuana use in decreasing
negative affect, anxiety and mood symptoms!3-15, and the age of onset of marijuana usel.
The “gateway theory” proposes that marijuana use is associated with later illicit drug use (a
drug other than marijuana), and further, that there exists a temporal ordering of substance
use such that a lower order substance (i.e., marijuana) precedes the use of a higher order
substance (e.g., cocaine) 17- 18, While it remains equivocal if this association is causal,
several studies indicate that marijuana use typically precedes the use of “harder” drugs of
abuse, even when controlling for important covariates and confounders19-21,

In the current study, we examined frequency of marijuana use and its association with other
drug use in a community sample of emerging adults (18-25 years old). We hypothesized
that a relationship would emerge such that the frequency of marijuana use would be
associated with the increased concurrent use of other drugs. To our knowledge, this is the
first study to estimate the probabilities of illicit drug use (opiates, stimulants, hallucinogens,
inhalants, sleep medication) across discrete categories of marijuana use frequencies among a
large sample of emerging adults in the US.

Materials and method

Sample

Measures

Study participants were recruited between January 2012 and July 2013. The study protocol
was approved by the Butler Hospital Institutional Review Board. Recruitment was
completed using several outlets, including targeting the Rhode Island/southeastern
Massachusetts geographical area online through Providence Craig’s List and Facebook, and
through advertisements placed in local college newspapers, on public transportation, and on
commercial radio. The study advertisement read, “Men and Woman between 18 and 25:
Have you recently used marijuana or alcohol? You may be eligible to participate in a
research study about the health behaviors of emerging adults.”

Interested persons were instructed to call the study phone number or to send an email to the
study address to receive a return call to be screened. Screening was anonymous with verbal
informed consent. If eligible for the longitudinal parent study concerning Sexually
Transmitted Infections (STI) and substance use, individuals were invited for an in-person
interview at the research site and offered compensation ($40) and free STI testing. This
analysis uses only data derived from the screening interview.

The ten-minute phone screen included questions related to demographics and living
situations, substance use, prescribed medications, sexual activity, mental health and general
health. Use of substances (opiates, cocaine, stimulants, hallucinogens, and inhalants) was
measured with the following item: “In the last 30 days, how often have you used
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(substance)?” Sleep medication use was assessed by the following item: “In the past month,
how often have you used medication prescribed or over the counter (your own or someone
else’s), to help you sleep?” Tobacco use was measured with the following: “In the last 30
days, how often did you smoke cigarettes?” and binge alcohol use with the following
question: “In the last 30 days, how often did you have (4 or 5) or more drinks in a row, that
is, in a couple hours?” We defined binge alcohol use as 4 or more drinks for women, 5 or
more for men, in a two hour period. Frequency of marijuana use was measured with the
following item: “In the last 30 days, how often did you use marijuana?” Response options
ranged from “Never” to “Monthly” to “More than Monthly” to “Weekly” to “Daily.”

Analytical Methods

Results

Descriptive statistics are presented to summarize the demographic characteristics and self-
reported substance use behaviors of participants. Logistic regression was used to estimate
the adjusted association of marijuana use frequency with each of 6 substance classes. All
models adjusted for age, gender, race/ethnicity, and frequency of binge alcohol use, which
was entered into the model as a linear predictor. For all substance use outcomes we used a
difference in likelihood ratio chi-square test to compare the fit of a model defining
frequency of marijuana use as a linear predictor to a model defining frequency of marijuana
use as a 5-category unordered predictor with no marijuana use defined as the reference
category; the latter fit the observed data better for stimulants and daily cigarette smoking (p
<.05).

In addition, based on the best fitting model, we present a figure plotting the estimated
adjusted probability of using each substance class across categories of marijuana use
frequency. Because the models are neither linear nor additive with respect to predicted
probabilities, all other covariates must be fixed to specific values prior to estimating
probabilities. Here, we set age and frequency of binge drinking to their respective means and
defined probabilities for non-Hispanic White males. Further, because possession of an ounce
or less of marijuana became decriminalized on April 1, 2013, we compared frequency of
marijuana use before, and after that date. Finally, we performed auxiliary analysis to
determine if the relationship between marijuana use frequency and other substances is
conditional on age; for these analyses, age was dichotomized to contrast persons 21 years of
age or older to persons under 21.

Participants’ (n = 1,075) mean age was 21.4 (2.2) years; 577 (53.7%) were male, 634
(59.0%) were non-Hispanic White, 156 (14.5%) were African-American, 164 (15.3%) were
Hispanic, and 121 (11.3%) were of other racial or ethnic origins. Regarding frequency of
marijuana use, 187 (17.4%) reported no use of marijuana, 59 (5.5%) said they used once a
month or less, 79 (7.3%) said 2-3 times a month, 315 (43.9%) used weekly or more often,
and 437 (40.6%) said they were daily marijuana users. Regarding frequency of binge
drinking, 201 (18.7%) reported no binge drinking, 167 (15.5%) reported binging about once
a month, 215 (20.0%) said they binged 2-3 times a month, 473 (43.9%) reported binge
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drinking weekly, and 21 (2.0%) were daily binge drinkers. Sixty-eight (6.3%) reported using
opioids, 71 (6.6%) reported using cocaine, 154 (14.3%) reported using stimulants, 75 (7.0%)
reported using inhalants or hallucinogens, 200 (18.6%) reported use of sleep medications,
and 382 (35.5%) said they were daily smokers.

Table 1 shows the results of logistic regression models predicting use of 6 classes of
substances. For each outcome we compared the fit of a model defining frequency of
marijuana use as a linear predictor to a model treating it as an unordered categorical
predictor; the latter fit the observed data better for stimulants (LR2 = 7.84, df = 3, p =.049)
and daily cigarette smoking (LR2 = 8.41, df = 3, p =.038). After controlling for age,
ethnicity, gender, and frequency of binge drinking, a 1-category increase in marijuana use
frequency was associated with a significant increase in the expected odds of opioid use (OR
=1.42,95% CI 1.13; 1.77, p = .005), the expected odds of cocaine use (OR =1.82, 95% CI
1.36; 2.45, p < .001), and the expected odds of hallucinogen/inhalant use (OR = 1.48, 95%
Cl 1.17; 1.86, p = .001). Relative to no marijuana use, the expected odds of stimulant use
were 3.18 (95% CI 1.59; 6.34, p = .001) and 3.10 (95% CI 1.57; 6.11, p = .001) times higher
among those who used marijuana weekly or daily, respectively. The expected likelihood of
daily cigarette smoking was also much higher among weekly (OR = 3.37, 95% CI 2.02;
5.62, p <.001) and especially among daily (OR = 8.50, 95% CI 5.19; 13.92, p < .001)
marijuana users. The odds of sleep medication use was not associated significantly with
frequency of marijuana use (OR = 1.10, 95% CI 0.98; 1.23, p = .103).

Figure 1 displays the expected probability of substance use across categories of marijuana
use frequency implied by the logistic regression models summarized in Table 1 (daily
cigarette smoking not presented). The specific probabilities reported were estimated for non-
Hispanic white males of average age and with mean levels of binge drinking. For persons
with no reported marijuana use, the expected probabilities of opioid, cocaine, and inhalant
use were .025, .013, and .027, respectively. For these three outcomes the linear effect of
marijuana use frequency fit the observed data adequately. For daily marijuana users the
expected probabilities of opioid, cocaine, and inhalant use had increased to .094, .126, and .
117, respectively. The effect of marijuana use frequency on sleep medication use was not
significant; in this cohort the expected probability of sleep medication use increased from .
111 among those reporting no marijuana use to .155 among daily marijuana users. The
association between marijuana use frequency and stimulant use was not linear; the estimated
probability of stimulant use was lowest (.019) among those using marijuana monthly or less
often, increased to .137 among those using marijuana 2—3 times a month and was .198 and .
194 among those using marijuana weekly or daily, respectively.

The relationship between marijuana use frequency and likelihood of using other substances
was not conditional on age. Tests of the first-order age by marijuana use frequency were not
statistically significant for opiates (Wald x2 = 1.02, df = 1, p = .313), cocaine (Wald 2 =
2142.02, df = 1, p = .120), stimulants (Wald 2 = 1.23, df = 4, p = .873), inhalants (Wald 2
=0.69, df = 1, p = .405), sleep medications (Wald x2 = 0.78, df = 1, p = .378), or daily
smoking (Wald y2 = 0.82, df = 1, p = .365). Frequency of marijuana use did not differ
significantly before and after possession of an ounce or less was decriminalized (t = 0.58, p
= .565).
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Probabilities of daily cigarette smoking were not included in Figure 1 because the base rate
of use was considerably higher than for other substances, which would necessitate use of a
different Y-scale range for interpretability. The expected probability of daily smoking was .
58 among daily marijuana users and .357 among weekly marijuana users; rates were .142
among those reporting no marijuana use and were just over .2 among those who used
marijuana 2-3 times a month or less frequently.

Frequency of binge drinking was also associated with significantly higher likelihoods of
using all six classes of substances (Table 1). The product moment (r =.102, p < .001) and
rank-order (rs = .094, p < .001) correlations between frequency of marijuana use and
frequency of binge drinking were statistically significant but substantively weak.

Discussion

Our findings demonstrate a significant relationship between marijuana use frequency and the
use of other substances, including cocaine, stimulants, opiates, and hallucinogens/inhalants,
as well as tobacco use, in this community sample of emerging adults (18-25 years old).
These results comport with prior research that found a significant association between
marijuana use and other illicit drugs in adolescents and emerging adults!®-21, The current
findings extend our understanding of this association by showing that daily marijuana use
predicts a wide range of other types of drug use, including tobacco and binge alcohol use,
which are both highly prevalent and co-occurring substances in emerging adults®. To our
knowledge, this study is the first to estimate the probabilities of illicit drug use across
discrete categories of marijuana use frequencies among a large sample of emerging adults in
the US.

Although these data support the association between increased marijuana use and the use of
other drugs, we are not able to draw causal conclusions. However, we can speculate as to
potential explanations for this association. First, the availability and accessibility of other
substances may increase as emerging adults use more marijuanal®. Second, emerging adults
who use increasing amounts of marijuana may represent a subset of users who are using to
self-medicate or mitigate distressing symptoms, including anxiety and depressive symptoms
and polysubstance use may augment this perceived self-medication. Third, personality traits,
such as impulsivity, may link increased marijuana use to greater use of other

substances!?: 12. 22 Neuroimaging studies suggest that shared neurological pathways that
may increase the risk for later and wider substance misuse 23-25,

These study findings identify a subgroup of marijuana users — daily users — that may be
vulnerable not only to risks directly associated with chronic marijuana use, including
cognitive impairment (e.g., compromised ability to learn and remember information, sustain
and shift attention), and health consequences (e.g., respiratory problems and increased risk
of accidents), but also with the additional risks associated with the concurrent use of other
drugs. This is an important concern especially during this sensitive time period, given the
susceptibility for harm that exists during the late adolescent/early adult years, when brain
development of the prefrontal cortex, in particular, continues24 28, Daily use of drugs of
abuse can alter and interfere with the function of neurotransmitters and can lead to
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compromises in decision-making, placing these emerging adults at further risk for negative
consequences.

There are important strengths in the current study. First, our sample was large (n = 1,075)
and diverse with regard to gender and race/ethnicity, and identifies a vulnerable age group
that has become an important target for intervention. Second, we controlled for important
covariates in our analyses, including alcohol binge use, in order to assess the independent
effect of marijuana use on other drug use. Third, our analytic approach determined
marijuana use frequency using discrete categories, including daily use, which have not been
included in previous studies?’.

Our study also has limitations worth noting. First, our sample was recruited for a study that
specifically targeted emerging adults in the community who used alcohol or marijuana;
results may not be generalizable to all emerging adults. Second, we used single items to
assess drug use and frequency, and all assessment was based on self-report in this
convenience sample. Third, our assessment of stimulant use could not distinguish between
medical and non-medical use of prescription stimulants. Fourth, because the study was
cross-sectional, we were not able to determine temporal ordering of drug use and whether
marijuana use preceded other drug use as the “gateway theory” proposes and thus limited in
not directly addressing the issue of marijuana as a gateway drug. Fifth, the study was
performed in a state where the possession of less than one ounce of marijuana was
decriminalized in April, 2013, and findings may differ in other locations.

Despite the hazards, there is a growing shift in the attitude towards marijuana use, including
the misconceptions that emerging adults may have about risks of use (e.g., that its use offers
short-term benefits without harmful health effects), perhaps exacerbated by emerging policy
changes for medical marijuana use and its legalization for recreational use in some states?8.,
The current findings suggesting a strong relationship between increasing marijuana use and
polysubstance use have important clinical implications. Concurrent use of psychoactive
substances may increase the risk of negative health consequences. Education in community
and medical settings for marijuana users about polysubstance use and its increased risks can
be an important form of intervention during the adolescent and emerging adult years for the
great majority of users who never seek substance abuse or mental health treatment.
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