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Abstract

Introduction and Aims.—Young adults have the highest rates of drug use and contribute
significantly to the growing population of medical cannabis patients (MCP). This study examined
relationships between longitudinal patterns of illicit/prescription drug use/misuse and cannabis
practices among young adult cannabis users.

Design and Methods.—/n 2014-2015, 210 young adult MCP and 156 nonpatient users were
recruited in Los Angeles and surveyed annually over four waves. The analytical sample was
limited to completers of all four waves (n = 301). Distinct developmental trajectories of illicit drug
use and prescription drug misuse were identified. Fixed effects regression analysis evaluated
changes In cannabis practices by trajectory groups.

Results.—Results supported two-trajectory solutions (high/low) for illicit drug use and
prescription drug misuse. Decreases in use within all four trajectories occurred by wave 4. Low
illicit drug use trajectory members were more likely to self-report medical cannabis use.
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Membership in both types of high-use trajectories was associated with use of concentrates and
edibles. The prevalence of MCP, edibles use and cannabis days decreased significantly by wave 4.

Discussion and Conclusions.—While alternative cannabis forms use was associated with
membership in high drug use trajectories, self-reported medical cannabis use (not MCP) was
negatively associated with high illicit drug use trajectory membership. Reductions in the
prevalence of MCP, cannabis days, edibles use and other drug use by wave 4 alongside stable
levels of self-reported medical cannabis use might reflect the changing legal status of cannabis in
California, maturing out phenomenon and safer patterns of cannabis use.
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Introduction

Young adults in the United States have the highest prevalence of illicit drug use and
prescription drug misuse as compared to adolescents and older adults [1]. In 2017, 24.2% of
young adults reported drug use in the past month which included misuse of prescription
drugs and use of cannabis, cocaine, heroin, hallucinogens, inhalants or methamphetamine.
Cannabis, prescription stimulants and cocaine were the top three drugs used by young adults
with past month prevalence of 22.1%, 2.1% and 1.9%, respectively.

Thirty-three states and the District of Columbia have legalised medical cannabis [2].
California was the first state to legalise medical cannabis in 1996 [3], where young adults
comprise a significant proportion of the total population of medical cannabis patients (MCP)
[4]. In California, medical cannabis may be recommended to individuals aged 18 years and
older or with a parental permission by a physician for any health condition “for which
marijuana provides relief’, which allows medical cannabis purchases through medical
cannabis dispensaries and delivery services [5,6]. Cannabis became legal for recreational use
in California with a passage of Proposition 64 in November 2016 permitting adults aged 21
years and older to purchase, possess and grow cannabis [3].

Ilicit drug use and prescription drug misuse peak among young adults in their early 20s
while a majority stops use between their mid- and late 20s [7]. Compared to illicit drug use,
prescription drug misuse has relatively later initiation and earlier decline in use [7,8].
Careers of heroin, crack cocaine and methamphetamine use can span for decades with
multiple cycles of cessation and relapse [9,10]. In contrast, use of cocaine powder [11],
MDMA [12,13] and other hallucinogens [14,15] is often sporadic, infrequent, socially
conditioned or short-lived.

Drug use trajectory research explores heterogeneity in the longitudinal patterns of drug use
by capturing changes in the intensity or likelihood of use over time (e.g. consistent nonuse,
inconsistent use, consistent use and decreasing use) and examining the impact of covariates
on these changing patterns [11]. While a plethora of studies has been focused on
developmental trajectories of alcohol, cigarette and recreational cannabis use among
adolescents [16,17], only four studies have investigated trajectories of illicit drug use other
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than cannabis and prescription drug misuse among young adults. Those studies identified
four trajectories of illicit/prescription drug use [18], four trajectories of cocaine use [11] and
three trajectories of MDMA use [13], as well as growth trajectories of nonmedical use of
prescription opioids, sedatives, stimulants and tranquilizers [19]. Importantly, while these
studies report rates of cannabis use, no trajectory studies have focused specifically on
populations of young adult cannabis users despite recent changes in laws regarding medical
and recreational cannabis use.

Drug use trajectory studies of young adults have found a high degree of overlap between
intensity of cannabis use and frequency of drug use within other drug use trajectories
[13,18,19]. A cross-sectional study of young adult cannabis users found a positive
association between illicit drug use and cannabis concentrates use, and greater odds of
prescription drug misuse among cannabis edibles users while controlling for legal access to
medical cannabis [20]. Studies of adults have found a protective effect of being MCP on the
rates of illicit and prescription drug use/misuse [21-24]. Finally, self-reported medical
cannabis use was associated with lower drug use problem severity [25] and lower prevalence
of illicit drug use while no differences were observed for prescription drug misuse [20].

In summary, no trajectory study has investigated the role of MCP status, self-reported
medical cannabis use or use of alternative cannabis forms in the longitudinal patterns of
illicit or prescription drug use/misuse within a population of young adults. Given these gaps,
the present analysis was undertaken to investigate drug use trajectories and cannabis use
correlates among young adult cannabis users. We addressed the following research
questions: (i) what are the trajectories of illicit drug use and prescription drug misuse among
young adult cannabis users; and (ii) what are the relationships between those trajectories and
cannabis practices?

Data utilised in the present analysis were collected within the Cannabis, Health & Young
Adults (CHAYA) project [26,27], which collected four waves of quantitative data.

Study sample

The wave 1 sample was recruited in Los Angeles using targeted [28] and chain referral [29]
sampling approaches. Eligibility requirements were as follows: aged between 18 to 26 years;
used cannabis at least four times within 30 days prior to recruitment; resided in the Los
Angeles metro area; and able to speak and read English. The sample was stratified between
persons who had a current medical cannabis recommendation issued by a California-based
physician for MCP and persons who had never had a medical cannabis recommendation for
nonpatient users. There were no statistically significant demographic differences between
enrolled and screened but nonenrolled participants [27].
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Data collection

Measures

The wave 1 sample (n7=366) was surveyed between February 2014 and April 2015 followed
by wave 2 (7= 339, April 2015-June 2016), wave 3 (7= 322, March 2016-June 2017), and
wave 4 (n= 302, April 2017-April 2018). Wave 1, 2, and 3 surveys were interviewer-
administered, while the wave 4 survey was self-administered through an online survey link.
Data collection instruments and all study procedures were approved by the Institutional
Review Boards at Children’s Hospital Los Angeles and Drexel University.

Data on demographic characteristics such as age (range 18-26 years), age at first cannabis
use, assigned sex at birth (male vs. female), sexual identity (heterosexual vs. other
categories) and race/ethnicity (non-Hispanic White, Non-Hispanic African American, non-
Hispanic Multiracial, non-Hispanic Asian/Pacific Islander or Hispanic/Latino) were
collected during wave 1 surveys. Data on all dependent and independent variables were
collected at all four waves.

Independent variables were past 90-day illicit drug use and prescription drug misuse in each
wave assessed through the following question: How long has it been since you last used
[specific substance]? Past 90-day use (yes/no) was determined by selecting either Within the
past 30 days or More than 30 days ago, but within the past 3 months for any of the listed
illicit or prescription drugs (see Table 1 for the full list of drugs).

Dependent variables were cannabis practices, including current MCP status, past 90-day use
of cannabis concentrates (wax, shatter, dab, oil), edibles, days of cannabis use (range 0-90)
self-reported medical and problematic cannabis use. Irrespective of MCP status, participants
who characterised their cannabis use as exclusively medical, primarily medical or equally
medical and recreational were categorised as ‘self-reported medical cannabis users’ versus
others who characterised their use as primarily recreational or exclusively recreational [20].
Problematic cannabis use was evaluated with the Severity of Dependence Scale (SDS), a 5-
item valid and reliable measure of problematic cannabis use [30]. Problematic drug use of
substances other than alcohol and tobacco was measured with a 10-item Drug Abuse
Screening Test (DAST-10) [31,32]. Final scores for both SDS (4-point ordinal scale) and
DAST (yes/no) were calculated by adding all items where higher scores indicate more
problematic patterns of use [30,31]. Alcohol and tobacco were not included in this analysis;
however, wave 1 data have been reported earlier [27].

Data analysis

We limited data analysis to participants who completed surveys in all four waves of data
collection resulting in a subsample of 7= 301 (83% of the wave 1 sample). There were no
statistically significant differences in age, sex or race/ethnicity between the wave 1 sample
and the sample selected for present analysis.

Data analysis was performed in two phases. First, we identified separate developmental
trajectories of illicit drug use and prescription drug misuse by fitting discrete mixture models
using PROC TRAJ macro in SAS [33-35]. Some prior trajectory studies, conducted among
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young adults, either developed trajectories based on frequency of use of specific drugs (e.g.
MDMA or cocaine trajectories) [11,13], or used a total count of illicit/prescription drugs
used at each assessment period as trajectory indicators [18]. These approaches were not
chosen in the present study since the frequency of use for any specific drug was relatively
low, even for the most prevalent drugs (i.e. cocaine, MDMA, LSD) [20], while the total
number of drugs used within each assessment period as trajectory indicator assumes the
same addiction potential for all drugs, e.g. heroin vs. LSD. Rather, we selected presence or
absence (yes/no) of either past 90-day illicit drug use or past 90-day prescription drug
misuse in each wave as trajectory indicators. Models with a different number of trajectory
groups and shapes (e.g. linear, quadratic or cubic) were compared through the difference in
Bayesian Information Criterion (BIC). Specifically, we compared BIC for models with the
same number of trajectories but different shapes, and models with the same shapes but
different number of trajectories to select the best fitting model.

Second, once the number and shapes of trajectory groups were identified, we extracted
variables indicating trajectory group membership for both types of drug use and merged
them with the analytical dataset that contained outcomes of interest. Then, bivariate
associations between trajectory groups and outcomes at each wave were examined with chi-
square or Kruskal-Wallis tests. Longitudinal patterns of cannabis practices conditioned on a
trajectory group membership were investigated by fitting a fixed effects regression model
(general linear model framework) with trajectory group as a between-subject effect and
wave as a within-subject effect. Binary outcomes were evaluated through logistic regression
models while count outcomes were examined through negative binomial regression models
(i.e. cannabis days, DAST and SDS). Wke fitted two regression models for each outcome: one
with an illicit drug use trajectory membership as independent variable and second one with a
prescription drug misuse trajectory membership as independent variable. Regression models
were adjusted for demographic variables such as age, race/ethnicity or sex whenever we
found statistically significant associations (2 < 0.05) with either trajectory group or outcome
variables in at least two waves or both. All analyses were performed in SAS (version 9.4).
Observations with missing values on the outcome variable or covariate were excluded from
the model.

Mixture modelling

Results from the mixture modelling phase revealed that a two-class solution with a linear
trend, interpreted as high- and low-use trajectories (Figure 1), had the best fit for both illicit
drug use and prescription drug misuse showing the smallest BIC and the largest difference in
BIC between model with greater number of trajectory groups and null model (Table S1).
The DAST-10 corroborated a two-trajectory solution by showing significant differences
cross-sectionally and longitudinally between high-and low-use trajectories for both types of
drug use (adjusted incidence rate ratio (AIRR) 1.76, 95% confidence interval (Cl) 1.46, 2.12
for illicit drug use, AIRR 1.71, 95% CI 1.43, 2.04 for prescription drug misuse) (data not
shown). Low-use trajectories of illicit and prescription drug use/misuse demonstrated
decreasing trends between waves 1 and 4. High illicit drug use trajectory was primarily
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driven by use of LSD, psilocybin, MDMA and cocaine (Table 1). Psilocybin use remained
relatively stable, LSD and MDMA use spiked in wave 2 and then declined, while cocaine
use remained stable high after wave 2 spike. High prescription drug misuse trajectory was
primarily driven by prescription tranquilizer, opioid and stimulant misuse. While opioid and
stimulant misuse showed approximately two-fold decrease by wave 4, prevalence of
tranquilizer misuse spiked in wave 2 and then continued to decrease but remained above
wave 1 levels.

Demographics

At wave 1 mean age of the participants in the analytical sample was 21.2 years old while
mean age of first cannabis use was 15.3 years old (Table 2). A majority were male (64.8%),
heterosexual (80.3%) and Hispanic/Latino (44.1%). We did not find any significant
trajectory group effect for age, age of first cannabis use, sex or sexual identity. However, the
high illicit drug use and high prescription drug misuse trajectory group members were more
likely to be non-Hispanic White (< 0.01) and less likely to be non-Hispanic African
American (£ <0.01 for illicit drug use; £<0.05 for prescription drug misuse). When
examining associations between key demographic (age, sex and race/ethnicity) and cannabis
practices variables, we found a consistent positive association between male sex and
concentrates use (P<0.001 in wave 1; £<0.05 in wave 3). Therefore, all regression models
were adjusted for non-Hispanic White while regression models with concentrates use as an
outcome were also adjusted for sex.

Cannabis practices by trajectory groups

At the bivariate level (Table 3), we found positive associations between cannabis
concentrates and edibles use, days of cannabis use (for prescription drug misuse in wave 2
only) and high-use trajectories while there was a negative association between self-reported
medical cannabis use and high illicit drug use trajectory. Additionally, concentrates and
edibles use, cannabis days and prevalence of MCP were declining from wave 1 through
wave 4, while self-reported medical cannabis use had somewhat increasing prevalence, and
SDS scores showed an increasing trend.

In adjusted models (Table 4), high illicit drug use trajectory members were more likely to
report concentrates (adjusted odds ratio (AOR) 2.40, 95% CI 1.67, 3.44) and edibles (AOR
1.76, 95% CI 1.28, 2.41) use, and less likely to self-report medical cannabis use (AOR 0.59,
95% CI 0.41, 0.85), while there was no association with MCP status. High prescription drug
misuse trajectory membership was associated with higher probability of concentrates (AOR
2.16, 95% CI 1.49, 3.15) and edibles (AOR 1.58, 95% CI 1.10, 2.27) use, and greater days
of cannabis use (AIRR 1.15, 95% CI 1.03, 1.27) as compared to low prescription drug
misuse trajectory.

We found a significant effect of time for edibles use, cannabis days, MCP status and SDS
scores for both model types, indicating a decline between waves 1 and 4, except for SDS
which increased in wave 4.
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Discussion

This is the first study to describe developmental trajectories of illicit drug use and
prescription drug misuse among young adult cannabis users with and without legal access to
medical cannabis. We identified a two-class solution (high- and low-use trajectories) for
both illicit drug use and prescription drug misuse with decreasing trends for both low-use
trajectories and increasing and then decreasing trends for high-use trajectories with some
exceptions. Relatively stable high rates of cocaine use in our study are consistent with the
dominance of a persistent use trajectory group in a study of cocaine users [11]. Decreasing
prescription drug misuse is similar to findings from an earlier study of young adults showing
decreasing trends in misuse after the age of 18 [19]. Notably, the very low prevalence of
heroin use [20] and decrease in misuse of prescription opioids in our sample are reflective of
the national trends observed among adults aged 18 to 25 years [1,36].

We found notable differences in the correlates of the high-use trajectory groups for illicit and
prescription drug use. Key findings include lack of an association between MCP status and
either trajectory type, and a strong negative association between high illicit drug use
trajectory and self-reported medical cannabis use. This lends support to the results from our
crosssectional analysis [20], but contradicts other crosssectional studies on the relationship
between MCP status and other drug use among adults in the general population showing
negative associations between MCP status and illicit/prescription drug use/misuse [21-23].
Only one study among 12th graders showed a positive association between past year illicit
and prescription drug use/misuse and MCP status [37]. This might be due the fact that the
MCP group consists of both medical and recreational cannabis users with a greater
proportion of recreational users among younger adult MCP [38]. Therefore, the protective
effect of medical motivations for cannabis use does not necessarily translate into a protective
effect of MCP status within a population of young adults. Importantly, prevalence of MCP
decreased progressively from wave 1 through wave 4, while there was a slight increase in the
prevalence of self-reported medical cannabis use. This decline in MCP status might reflect
changes in the legal landscape due to legalisation of recreational cannabis in California in
2016 while individuals who use cannabis medically continue to do so with or without
medical cannabis recommendation.

We found that greater days of cannabis use were associated with membership in the high
prescription drug misuse trajectory which supports findings from other prospective studies
on prescription drug misuse conducted among emerging adults [19,39,40]. In contrast, we
found no association between days of cannabis use and the illicit drug use trajectories.
Previous longitudinal studies among young adults yielded conflicting results on the
relationship between cannabis use frequency and illicit drug use showing positive
association with MDMA use [12,13] and negative association with cocaine use [11].
Moreover, trajectories of both types did not differ on the SDS scores. In contrast, positive
associations between high-use trajectories for both types of drug use and cannabis
concentrates and edibles use are concerning due to the growing number of the reports on
overdoses (e.g. passing out) after the use of these alternative forms [41,42]. However,
frequency of cannabis use and proportion of cannabis edibles users decreased significantly
by wave 4, similarly to the decrease in use/misuse of illicit and prescription drugs, which
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might indicate a maturing out phenomenon and movement towards more responsible and
safe use or even abstinence as young adults grow older and adult roles increase [7,43,44].
Significantly, the declining trends in use/misuse of illicit and prescription drugs as well as
cannabis by wave 4 coincided with the legalisation of cannabis for personal use. These
results suggest that the legalisation of cannabis for personal use did not accelerate cannabis
or illicit/prescription drug use among current cannabis users.

This study has several implications for future research. First, our study explored trajectories
of illicit drug use and prescription drug misuse separately and within the same study among
a population of young adult cannabis users. In contrast, all previous trajectory studies have
been focused either on illicit [9,11,13], prescription [19,45] or illicit and prescription drug
use/misuse as a single category [10,18,46]. Further research is needed to prospectively
monitor patterns of illicit drug use and prescription drug misuse as well as their correlates
within a population of young adults transitioning into adulthood as recreational cannabis
continues to be legally available. Second, we assessed prospectively the role of both MCP
status and self-reported medical cannabis use in the illicit drug use and prescription drug
misuse trajectories. While the association between MCP status and other drug use received
attention in several cross-sectional studies [21-24,37,47,48], the impact of medical
motivations for cannabis use on the rates of other drug use was explored only in one study
that was conducted among adults within primary care settings [25]. It is critical to evaluate
whether the protective role of medical motivations for cannabis use will persist in a fully
legalised environment. Third, this was the first prospective study assessing the relationship
between other drug use and an array of cannabis practices, including use of high potency
forms, which has never been assessed prospectively. Even though we observed reduction in
the rates of use over time, given possible extreme effects associated with use [41,42] and the
evidence of a link to other drug use, policy makers may consider limiting potency of edibles
and concentrates legally available for recreational use. Finally, future studies should
investigate the impact of various aspects of cannabis use on the longitudinal patterns of legal
drug use, such as alcohol and tobacco use, among a population of young adults who have the
highest rates of binge drinking and tobacco products use [1].

Our study also had some limitations. First, our findings may not be generalisable to all
young adult cannabis users in Los Angeles since our sample was not randomly selected.
Second, while it is recommended to estimate trajectory groups separately for each variable
of interest, which accounts for uncertainty in trajectory membership [49], this approach is
likely to result in different classification of trajectory groups for each cannabis use outcome.
Therefore, given the exploratory nature of the current study, treating trajectory group
membership as a fixed variable was the most suitable approach despite inherent limitations
of this approach. Third, roughly one-third of wave 3 and a majority of wave 4 interviews
were completed after recreational cannabis became legal in California, but only one-fifth of
wave 4 interviews were conducted after recreational cannabis sales began. Therefore,
inferences on the impact of recreational cannabis legalisation on our findings should be
interpreted with caution, since longer follow-up is needed to evaluate the legalisation effect
in a more robust manner.
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In conclusion, we found a two-trajectory solution (high/low) for both illicit drug use and
prescription drug misuse. High-use trajectories showed decrease in use for majority of the
most prevalent illicit/prescription drugs by wave 4 along with a decrease in cannabis days
and edibles use suggesting maturing out phenomenon. Both types of high-use trajectories
were positively associated with use of alternative cannabis forms. Legal access to medical
cannabis was not associated with either trajectory type, while self-reported medical cannabis
use was negatively associated with high illicit drug use trajectory. We found a significant
reduction in the proportion of MCP over the course of the study, while prevalence of self-
reported medical cannabis use among current cannabis users slightly increased by wave 4
indicating continued medical use regardless of changing legal landscape. Future research
should continue to evaluate prospectively the potential effects of cannabis legalisation on
patterns of cannabis use and illicit/prescription drug use/misuse as young adult cannabis
users age.
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Prevalence of lllicit Drug Use Prevalence of Prescription Drug Misuse
by Trajectory Group by Trajectory Group
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Figurel.

Prevalence of illicit drug use and prescription misuse in the past 90 aays in each wave by
trajectory group among young aadult cannabis users in Los Angeles (h = 301).
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