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Abstract

Innovative analysis of existing social science and behavioral data has the potential to advance our
understanding of the epidemiology and etiology of marijuana and other substance use among
adolescents and emerging adults, so as to inform future policy, prevention, and intervention efforts.
In this commentary, we highlight two commonly used and publicly available datasets, the National
Survey on Drug Use and Health (NSDUH) and the Youth Risk Behavioral Survey (YRBS), in
order to describe their usefulness for evaluation of the effects of changes in marijuana policy on
adolescent and emerging adult substance use and marijuana-specific risk factors. We use recent
examples of trend and quasi-experimental studies to highlight the unique strengths of each dataset.
We also describe their limitations, identify gaps in existing knowledge, and offer recommendations
for future research to answer emergent questions about the changing legal, social, and normative
context related to marijuana and contribute to prevention efforts aimed at reducing substance use
and related health risk behaviors among youth.
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Although marijuana remains an illegal substance under U.S. federal law, there have been
substantial and geographically widespread changes in state policy since 1996. As of October
2018, nine states and the District of Columbia had both medical marijuana laws (MMLS)
and recreational marijuana laws (RMLs), and an additional 22 states had MMLs only
(National Conference on State Legislatures [NCSL], 2018). In the November 2018 election,
Utah and Missouri passed MMLs and Michigan—which already had an MML—passed an
RML (Hauser, 2018). Approximately two thirds of U.S. residents currently live in states
with MMLs or RMLs, or both. Although the loosening of state-level restrictions on
marijuana has been framed as beneficial for reducing the human, social, and economic costs
associated with a criminal justice approach (Hawken, Caulkins, Kilmer, & Kleiman, 2013),
it has also spurred concerns about possible public health consequences, particularly for
young people (Compton, Volkow, & Lopez, 2017; Hasin, 2018). These include potential
increases in use of marijuana and other substances, substance use disorders, marijuana-
related motor vehicle crashes, and educational and occupational underperformance (Hall,
2018; Kilmer, 2017; Pacula & Sevigni, 2014; Volkow, Baler, Compton, & Weiss, 2014). So
far, research has yielded limited evidence for a post-MML increase in marijuana use and
related outcomes among adolescents and emerging adults (i.e., those aged 18-25 years;
Hasin, 2018; Leung, Chiu, Stjepanovic, & Hall, 2018; Sarvet, et al., 2018a) and, as outlined
in the introduction to this special issue, the evaluation of the short-term effects of RMLs is
only in its beginning (Johnson & Guttmannova, 2019). Many questions still remain about the
impact of marijuana policy change on adolescents and emerging adults, including whether
findings of studies of RMLs will differ from those of MMLs.

Evaluation of marijuana policy is ongoing, and two national datasets, the National Survey on
Drug Use and Health (NSDUH) and the Youth Risk Behavior Surveillance System (YRBS),
are widely used for that research (Leung, Chu, Stjepanovic, & Hall, 2018; Sarvet, et al.,
2018a; Hasin, 2018). Both have repeated cross-sectional designs and methodologies and
measurements that have been consistent across several decades. In this commentary, we
describe the usefulness of NSDUH and YRBS for evaluation of the effects of changes in
marijuana policy on adolescent and emerging adult substance use and marijuana-specific
risk factors, and use recent examples of trend and quasi-experimental studies to highlight the
unique strengths of each. We also identify gaps in existing knowledge and offer
recommendations for future data collection and research that uses these data sources.

National Survey on Drug Use and Health (NSDUH)

The National Survey on Drug Use and Health (NSDUH) is an initiative of the Substance
Abuse and Mental Health Services Administration (SAMHSA). It is an annual household-
based survey addressing substance use, substance use disorders, mental health problems, and
use of treatment and services among civilian, non-institutionalized U.S. household residents
aged 12 and older. NSDUH uses a stratified multistage area probability sample to ensure that
results are representative at the state and national levels. The survey has been ongoing since
1971 (originally under the name National Household Survey on Drug Abuse, NHSDA) and
has included all 50 states and the District of Columbia since 1999 (Center for Behavioral
Health Statistics and Quality [CBHSQ)], 2017a, 2017b). Both the original NHSDA and its
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contemporary successor, NSDUH, have undergone several major redesigns (CBHSQ, 2014),
so careful attention must be paid to analyses of drug use trends over time.

NSDUH has many design strengths and is the most frequently used dataset for research
efforts that examine the impact of marijuana policy on change in behavior, norms, attitudes,
and related risk factors among adolescents and emerging adults (Hasin, 2018; Leung, Chu,
Stjepanovic, & Hall, 2018). In addition to being representative at the state and national
levels, NSDUH includes several marijuana-related questions that have been assessed
consistently over time. The survey includes questions on marijuana use, including lifetime
use, age of first use, recency of use, frequency of use in the past 30 days and past 12 months,
and symptoms of cannabis use disorder (CBHSQ, 2017a, 2017b; SAMHSA, 2017). Annual
samples include nearly 70,000 participants and adolescents and emerging adults are
oversampled. About 25% of respondents are 12- to 17-year-olds and another 25% are 18- to
25-year-olds; therefore there is a sufficiently large number of youth to conduct stratified
analyses to examine the differential impact of changes in marijuana use in association with
MMLs and RMLs in specific states and for population subgroups, e.g., age, race/ethnicity,
sex/gender, and rural vs. urban status. In the 2016 NSDUH, the prevalence of past-30-day
marijuana use was 6.5% for 12- to 17-year-olds, 20.7% for 18- to 25-year-olds, and 7.2% for
those aged 26 and older (SAMHSA, 2017).

Recent studies using NSDUH data have examined changes in marijuana use among
adolescents, emerging adults, and adults aged 26 or older in states with MMLs (e.g., Martins
etal., 2016; Mauro et al., 2019; Wen, Hockenberry, & Druss, 2019; Wen, Hockenberry, &
Cummings, 2015). Martins and colleagues (2016) found post-MML increases in marijuana
use among those aged 26 and older, but not among 18- to 25-year-olds. Building on that
study, Mauro and colleagues’ (2019) article in this issue examined gender differences in the
impact of MMLs on the prevalence of past-month use, daily use, and cannabis use disorder
from 2004 to 2013. Although there were no post-MML differences in any of the outcomes
among adolescents or emerging adults of either gender, there were statistically significant
increases in the prevalence of past-month use and in daily use among those who reported
past-year use for men and women past the developmental transition stage of emerging
adulthood (i.e., age 26+). The field would benefit from additional studies that examine the
impact of MMLs for other demographic subpopulations.

Because all RMLs allow for legal use only among those aged 21 and older (NCSL, 2018),
the impact of these policies on use and marijuana-related perceptions may differ for youth
below age 21 versus adults over age 21. Research by Wen, Hockenberry, and Cummings
(2015) provides evidence of such a difference. They used NSDUH data and demonstrated
post-MML increases in past-month marijuana use, daily or almost daily marijuana use, and
marijuana abuse or dependence among those aged 21 or above, but not among 12- to 20-
year-olds. Their conclusions about the relevance of legal age are strengthened as they
estimated several age cut points—at ages 18, 25, and 30—but only the age 21 cut point
produced statistically significant results. More work needs to investigate differential effects
among emerging adults who can and cannot legally access marijuana, or studies should
conduct sensitivity and robustness checks to evaluate different age cutoffs. This work is
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particularly important as evaluations of RMLs begin in earnest once more years of data post-
RML are available.

NSDUH is particularly useful for prevention science research because it includes measures
of several marijuana-specific risk factors, which are strong predictors of future drug use
(e.g., Catalano et al., 2018). These include marijuana-related perceptions, including
injunctive norms such as perceived wrongfulness of use and peer and parental disapproval,
as well as the perceived harmfulness associated with use. Better understanding of trends in
the prevalence of these risk factors before and after the changes in marijuana policy would
offer important clues about the mechanisms involved in health risk behaviors (CBHSQ,
2017a, 2017b; SAMHSA, 2017). In this special issue, Wen, Hockenberry, and Druss (2019)
compared several pre-and post-MML marijuana-related perceptions (i.e., perceptions about
availability of marijuana, parental approval of marijuana use, wrongfulness of recreational
marijuana use, and harmfulness of marijuana use) among adolescents (12- to 17-year-olds)
and emerging adults (18- to 25-year-olds) but found only two statistically significant
changes: an increase in low perceived harmfulness among emerging adults and a decrease in
perceived parental approval among adolescents. Other perceptions did not change in either
age group. We need to continue to monitor trends in marijuana-related perceptions, as well
as their association with changes in marijuana use, but should also expand examinations to a
greater range of marijuana related-risk factors in multiple ecological domains; i.e., not only
individuals’ attitudes and norms, but also attitudes and norms in the family, among peers,
and in the local community. Moreover, Schmidt, Jacobs, and Spetz (2016) using NSDUH
data demonstrated there is a national trend of increasingly permissive views about marijuana
among young people. This trend is independent of state-specific influences and has
accelerated in the past decade, perhaps due to the growing number of states adopting MML
and the potential digital media spillover of legalization debate across states. Therefore,
future studies should examine the association between the secular trends and marijuana-
related norms and perceptions of harm and the role of these factors as both predictors and
consequences of state-level marijuana policies.

As highlighted in the introduction of this special issue (Johnson & Guttmannova, 2019), it
would also be important to examine changes in other substance use (especially alcohol,
tobacco, and opioids) among adolescents and young adults as well as changes in alcohol-,
tobacco-, and opioid-specific risk factors. NSDUH is a suitable data source for this work as
it covers the use of all commonly used drugs and diverse margins of use, including substance
use disorders, and also assesses a number of other substance-use-specific risk factors (Lipari,
Ahrnsbrak, Pemberton, & Porter, 2017). Because use of one substance is often associated
with use of other drugs, marijuana legalization may have unanticipated consequences for
alcohol, tobacco, and opioid use. On the other hand, trends in alcohol, tobacco, and opioid
use may also impact marijuana use, interacting with marijuana policy changes. For example,
a seemingly paradoxical discrepancy has been observed in recent years between a
population-level rise in the prevalence of low perceived harm from marijuana use and a lack
of a corresponding increase in the prevalence of marijuana use among adolescents (e.g.,
Fleming, Guttmannova, Cambron, Rhew, & Oesterle, 2016; Lipari, Kroutil, & Pemberton,
2015; Miech, Johnston, O’Malley, Bachman, & Schulenberg, 2015). Using eight waves of
statewide survey data collected from high school students in Washington State between 2000
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and 2014, Fleming and colleagues (2016) found no evidence that this divergence in trends
was attributable to a weakening in the individual-level association between marijuana-
specific risk factors (e.g., perceptions of harm) and marijuana use. Rather, substantial
decreases in alcohol and cigarette use may have had spillover effects on marijuana use,
dampening increases in marijuana use that might have otherwise occurred due to increases
in marijuana-specific risk factors. Better understanding of the trends in risk factors for
different substance use (e.g., perception of harm from using alcohol and tobacco vs.
marijuana) and their associations with use of different substances could inform cannabis
policy evaluation by making it possible to better account for other sources of variation in
substance use. It would also provide information about the potential counter-effects of
substance use-related prevention and intervention efforts planned for or already on the
ground.

National Youth Risk Behavior Survey (YRBS)

The National Youth Risk Behavior Survey (YRBS) is a biennial, school-based survey that
monitors health-related behaviors among high school students in the United States. It is an
initiative of the Centers for Disease Control and Prevention (CDC) and has been ongoing
since 1991; the primary purpose is to provide data for public health planning and evaluation
(Brener et al., 2013; Kann, et al., 2018). The National YRBS uses a three-stage, cluster
sample design to obtain a nationally representative sample of 9th through 12th graders. It is
designed to produce prevalence estimates that are nationally representative by sex, grade,
race/ethnicity, grade by sex, and race/ethnicity by sex.

Survey administration and sampling is conducted at the state level through cooperative
agreements with CDC. Although all 50 states are eligible to receive funding and support to
conduct the YRBS, not all participate. Additionally, states that do not achieve a response rate
of 60% are excluded from the national dataset; their data are not weighted but are available
for state-specific analysis (Brener et al., 2013). In 2017, 39 states and the District of
Columbia had weighted data and were included in the national data se;, seven states had
unweighted data; and four states did not participate (i.e., Minnesota, Oregon, Washington,
and Wyoming; CDC, 2018a). Although YRBS data have been used more frequently for
trend studies (e.g., Johnson, et al., 2015), the data are increasingly used in quasi-
experimental studies evaluating the effect of marijuana policy (e.g., Johnson, Johnson,
Hodgkin, et al., 2018; Johnson, Hodgkin, & Harris, 2017).

Marijuana-related questions include frequency of lifetime and past-30-day marijuana use
and age of first use (Kann et al., 2018). Unlike the NSDUH, the national YRBS survey does
not include measures of marijuana-specific risk factors, such as perceived harmfulness.
However, it does include questions related to unintentional injury, violence, sexual risk
behaviors, substance use, unhealthy dietary behaviors, and physical activity. The fact that
there are items on multiple health and risk behaviors positions YRBS data to be used to
investigate marijuana use in association with other risk behaviors (e.g., sexual risk
behaviors, EI-Menshawi, Castro, Rodriguez de la Vega, Pelaez, & Barengo, 2018) and as
part of a constellation of adolescent risk behaviors (e.g., Alexander, Obong’o, Chavan,
Vander Weg, & Ward, 2018).
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Two of the primary strengths of YRBS data are large sample sizes and consistency of
assessment across survey years (Brener et al., 2013; CDC, 2016). The 2017 sample sizes in
states with weighted data ranged from 1,147 to 13,201, with a median of 2,170 (Kann et al.,
2018). These design factors facilitate assessment of variation in changes in marijuana use
over time, across population subgroups (e.g., race/ethnicity), and by grade level, for which
there are well-established differences in marijuana use (CDC, 2018b). In 2017, about one
fourth of 9th graders (23.8%) reported any lifetime marijuana use, whereas 45.8% of 12th
graders did (CDC, 2018b). Thus, changes in the age of initiation and prevalence of lifetime
use may be more relevant outcomes to monitor for 9th and 10th graders, whereas changes in
the prevalence of past-month use and increases in the frequency of use may be more relevant
for 11th and 12th graders, who—as indicated above—are more likely to have initiated use.
Therefore, YRBS may be particularly useful for examining how marijuana-related policies
affect adolescents at different stages of development, when different outcomes may be
salient.

Although most questions on the national YRBS questionnaire remained the same across
years, new questions are introduced based on emerging trends and public health priorities.
For example, questions about driving after having used marijuana or riding in a car with
someone who had recently used marijuana were added to the 2017 survey. These questions
were modeled after similar questions on driving under the influence of alcohol (Kann et al.,
2018). Adolescents have high crash rates in general and increases in marijuana-related
impaired driving represent a serious public health threat (Insurance Institute for Highway
Safety, 2017). Along with motor vehicle crash data from other sources, information about
marijuana-related driving behaviors will enable public health professionals to respond to
impaired driving among adolescents.

Participating YRBS states are permitted to include additional items on their questionnaires,
in consultation with CDC. This enables states to examine topics important for their
population, but that have not been selected for inclusion on the national survey. For example,
as part of YRBS data collection in Colorado (known as the Healthy Kids Colorado Survey),
questions on routes of marijuana administration such as vaping and edibles have been
included since 2013 (Johnson, et al., 2016). These supplemental items have been used to
examine changes in modes of marijuana consumption over time (Tormohlen et al., in press).

The fact that data are not available for all states or for all years is an important limitation to
using YRBS data for policy evaluation, and is exacerbated by the fact that some states with
no data or incomplete data are early adopters of MMLs or RMLs and would have been ideal
for inclusion in evaluations of the long-term effects of marijuana policy change. Washington
State and Oregon passed RMLs in 2012 and 2014, respectively, and, unfortunately neither
participates in the YRBS. However, both states have adolescent health surveillance programs
that are similar to YRBS. The Oregon Health Authority (2018) conducts the Oregon Healthy
Teens survey, which is administered every other year to Oregon students in 8th and 11th
grades. In addition to marijuana, alcohol, and tobacco use data and related risk factors (e.g.,
descriptive and injunctive norms about each substance, perception of harm but also exposure
to marijuana product advertising, and peer-related susceptibility to marijuana use), Oregon
Healthy Teens survey collects information on diverse topics related to adolescent health such
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as school climate, mental and emotional health, physical activity and nutrition, and health
risk behaviors. Similarly, Washington State conducts the Healthy Youth Survey administered
biennially to representative samples of public school students in Grades 6, 8, 10, and 12
(e.g., Washington State Department of Health, 2016; Johnson et al., 2019). Like Oregon
Healthy Teens Survey, the Washington State Healthy Youth Survey contains a diverse range
of marijuana use questions, related risk behaviors, and an extensive list of marijuana-specific
risk factors (e.g., Fleming et al., 2016).

Strengths of the Oregon and Washington surveillance data are that they include questions
that are comparable to items from the YRBS, but they also measure more prevention
science-oriented topics (including marijuana-specific risk factors, which are not available in
the national YRBS survey), and have larger state samples than YRBS or NSDUH. Although
data from the Oregon Healthy Teens and the Washington State Healthy Youth Survey cannot
be directly included into the YRBS or other datasets to conduct cross-state analyses, other
options are available. These include data harmonization via techniques such as Integrative
Data Analysis which was described in the introduction to this special issue (Johnson &
Guttmannova, 2019). Integrative Data Analysis would allow for simultaneous analysis of
trends across multiple states, including early adopters of MMLs or RMLs, and their
comparison to counterfactuals that have not experienced policy change or experienced it at
different time points. Another option involves a meta-analytic summary of findings from
individual studies or states; for an illustration of this technique involving multiple states, see
Sarvet and colleagues (2018a). A meta-analytic approach might be useful in cases where the
state-level MML or RML differs from other states, as is the case with Washington State
(e.g., Cambron, Guttmannova, & Fleming, 2017).

Data from state YRBS surveys and from state adolescent health surveillance programs not
affiliated with YRBS were used in the first generation of studies evaluating changes in
substance use during the period of implementation of RML separately in each state. Brooks-
Russell and colleagues (2019) in Colorado using the Healthy Kids Colorado Survey and
Johnson and colleagues (2019) in Washington State using the Washington State Healthy
Youth Survey, both in this special issue, reported no significant increases in substance use
among adolescents in these states. These findings were not entirely consistent with those
from a study by Cerda and colleagues (2018), which was based on data from the Monitoring
the Future study of 8™, 10, and 12" grade students and relied on quasi-experimental
methods. The study by Cerda used difference-in-difference models to compare the
prevalence of past 30-day marijuana use before versus after RML passage among youth
from WA and CO to states that had not passed RML and concluded that there were increases
in prevalence of use among 8™ and 10t graders in WA, but not among CO youth in any of
the three grades. Subsequently, using the WA State Healthy Youth Survey, Dilley and
colleagues (2018) employed models analogous to those used by Cerda and colleagues
(2018) to re-assess changes in the prevalence of use in a state-based sample of Washington
students. Findings offered no evidence of statistically significant increase in marijuana use
for WA State youth and showed that Cerda and colleagues’ (2018) conclusions were
probably an artifact of the data source, which was not designed to be representative of WA
State youth specifically but is usually employed in national or larger regional estimates.
These studies highlight the utility of state adolescent health data and the potential
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importance of using such data for evaluating state-level marijuana policies and examining
state-wide trends in substance use.

Limitations of NSDUH and YRBS Data

Both NSDUH and YRBS have a repeated cross-sectional design, which precludes
examination of within-individual developmental change in substance use and teasing apart
the dynamics of the causal relationship between risk factors and use. These associations are
likely reciprocal, as has been demonstrated by Guttmannova and colleagues (2019), a study
included in this special issue. A study of longitudinal data on a cohort of youth followed
across adolescence showed that, although marijuana-specific risk factors predicted increases
in marijuana use, particularly during the time of developmental transitions, more frequent
marijuana use also predicted increases in marijuana-specific risk factors. Longitudinal work
is important for the evaluation of marijuana policy impact because it allows for examination
of the long-term effects of policy change. Studies that follow individuals over time can
capture changes in normative developmental trajectories of marijuana and other substance
use (e.g., Epstein et al., 2015; Terry-McElrath, et al., 2017), such as whether there are
changes in the timing of onset, escalation, and desistance from substance use; what factors
predict these patterns; and whether their salience changes over the course of development.
Such questions are crucial to address in the changing legal, normative, and social marijuana
context.

The fact that YRBS is administered in the school setting has advantages and disadvantages.
Youth may be more willing to disclose substance use in the school setting vs. home setting,
which may in part explain why reports of substance use are slightly higher for YRBS
relative to NSDUH (SAMHSA, 2012). However, YRBS excludes youth who are chronically
truant and those who have dropped out of school; these youth are particularly vulnerable to
substance use and related harms (Tice, Lipari, & Van Horn, 2017). Nevertheless, most
adolescents (~95%) do attend school (McFarland, Cui, & Stark, 2018), and YRBS data
accurately represent school-attending youth populations. A related limitation of the NSDUH
data is that it also does not include some marginalized populations, including persons who
are homeless and not in shelters and those who are incarcerated.

Directions for Future Research

In addition to the suggestions for extensions of the cited studies that utilized NSDUH or
YRBS data we have made throughout this commentary, we include several additional
directions for future new research. The increased permissiveness of the social, normative,
and legal context related to marijuana comes with dramatic changes in the availability and
diversity of marijuana products and their advertising. The potency of marijuana has
increased considerably over the course of the last two decades (EISohly et al., 2016;
Mehmedic et al., 2010) and new routes or modes of administration have become more
commonplace (Johnson et al., 2016; Tormohlen et al., in press). These include dabbing, a
new and dangerous method of extracting and inhaling a highly concentrated THC (e.g.,
Stogner & Miller, 2015) and the proliferation of availability and popularity of mass-
produced (vs. homemade) and highly potent edibles (e.g., Borodowsky & Budney, 2017;
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Borodowsky et al., 2016; 2017). For example, studies should consider assessing the use of
marijuana edibles, which may appeal to adolescents because they are easy to hide from
parents and teachers, and they are packaged to mimic popular candies and sweets (Johnson
etal., 2016; MacCoun & Mello, 2015). Also, packaging of edibles often contains more than
one serving size, which can lead to unintentional overdoses (e.g., Monte, Zane, & Heard,
2015; Wang et al., 2016).

Future data collection efforts and studies should address unresolved measurement issues
related to the quantity and frequency of marijuana use, potency of the product, and typical
route of administration in general and specifically in contexts where marijuana is legal vs.
where it is not. Unlike for alcohol, a standard unit of marijuana use has not yet been
established, making it difficult to compare results across studies or even within a single
study across individuals or within the same individuals over time. Also, more psychometric
work is needed to assess reliability and validity of measures as well as their measurement
invariance across diverse populations and policy settings. Because the potency of cannabis
has increased considerably in the RML context, the addictive potential of marijuana has
increased (e.g., Budney & Borodowsky, 2017), and future studies should consider measuring
potency and examining closely related health consequences including cannabis use disorder
(Kimmel & Lopez, 2018) and driving while intoxicated (e.g., Hall, 2015; Kleiman, Jones,
Miller, & Halperin, 2018). Additionally, routes of administration shared with other addictive
substances need to be considered. For example, because of the relatively recent emergence
and proliferation of electronic nicotine delivery systems (ENDS; Lee, Herbert, Nonnemaker,
& Kim, 2015), future studies should examine how ENDS use may affect marijuana use (e.g.,
by asking participants about vaping both nicotine and marijuana but also by analyzing the
patterns and sequencing of initiation, escalation, and potentially desistance from use
between ENDS and other substances). Related issues that need more research attention, and
that have been highlighted in the introduction to this special issue (Johnson & Guttmannova,
2019), include complementarity (e.g., co-use or simultaneous use of marijuana and other
substances such as alcohol or nicotine) and substitution (e.g., use of marijuana instead of
opioids or alcohol).

Researchers have also called for more sophistication in data analysis and measurement to
account for heterogeneity in marijuana policy across states and within states over time as
well as their interactions with signals from the federal government (Chen, 2016; Hunt &
Miles, 2017; Pacula, Boustead, & Hunt, 2014; Pacula, Powell, Heaton, & Sevigny, 2015;
Johnson et al., 2017; Cambron et al., 2017). This includes, for example, distinguishing
between various provisions under different marijuana regimes such as whether dispensaries
and home cultivation are allowed under MML,; distinguishing between passage of the law
and its implementation (Anderson & Reese, 2014; Hunt & Miles, 2017; Johnson et al., 2018;
Pacula et al., 2014); and careful attention to how signals from the federal government, such
as the Ogden memo (Cambron et al., 2017), may have interacted with existing state-level
marijuana regulations. Because there is such variability in the provisions and
implementation of marijuana laws, measuring policy context simply by whether a law has
been passed has not yielded clear pattern of findings in marijuana policy evaluation studies
(e.g., Pacula et al., 2014; Sarvet et al., 2018a). As more states adopt RMLSs, it will be
important that they can make evidence-based decisions on the complex regulatory issues
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concerning supply, taxation, price, and the pace of legalization implementation, all of which
have an impact on the availability of marijuana and may also impact public health and safety
(for review, see, e.g., Caulkins at al., 2015; Kilmer, 2017; Pacula & Sevigni, 2014). This
requires that evaluation studies consider heterogeneity in MMLs and RMLs across states and
within states over time (such as when a sunset clause might be in place). Such heterogeneity
is often difficult to operationalize and model in quasi-experimental designs utilizing
difference-in-difference modeling. This is where single-case studies might be useful. For
example, YRBS data are well suited for synthetic control modeling (e.g., Abadie, Diamond,
& Hainmueller, 2010; Abadie & Gardeazabal, 2003; Amjad, Shah, & Shen, 2018), which
allows for a comparison of a single “treated” case (e.g., MML or RML passage or
implementation in a given state) against a weighted counterfactual of “untreated” cases to
derive an estimate of what the marijuana (or other substance) use or related outcomes would
have been had the policy change not taken place.

Conclusions

Secondary analysis of existing public health and behavioral data, such as NSDUH and
YRBS, has great potential to advance our understanding of marijuana use among
adolescents and emerging adults in new marijuana contexts in order to inform policy and
preventive intervention development. Because NSDUH and YRBS data are federally funded
and free to use, research to enhance our understanding of the effect of changes in marijuana
policy can be conducted at relatively low cost. Both datasets share and differ in their
strengths and limitations that need to be taken into account when considering their use (such
as sampling design, frequency, mode and setting of survey administration, and how data are
reported). Each is poised to address a wide range of research questions about the changing
legal, social, and normative context related to marijuana and contribute to prevention efforts
aimed at curbing substance use among youth.
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