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Introduction

This is a review and synthesis of the scientific literature on public health effects of
liberalization of marijuana prohibition in the United States. The review is focused on studies
designed to identify causal effects of medical and non-medical marijuana legalization on
public health outcomes?. | searched existing reviews?, library databases, and the internet for
studies addressing marijuana policy effects, whether peer-reviewed or not, and screened
them using the following criteria:

e the type of policy examined,

e the outcomes examined, and

e methodological quality.

| describe each criterion in more detail below.

Type of Policy

The review is limited to studies examining effects of medical marijuana laws (MML) and non-
medical marijuana laws (NMML) in the United States. There is considerable variability in the
specific features of MMLs and NMM.Ls, and this variability is discussed in more detail below
as it pertains to conclusions that can be drawn from the extant literature.

Outcomes

The review is limited to studies examining outcomes broadly related to public health. The
specific outcomes examined in the final pool of selected studies is largely determined by the
availability of data sources that are suitable for state-level policy evaluation — that is, multi-
year, multi-state data sources. The final pool of studies examined outcomes including:

e youth and adult use of marijuana,
e disordered cannabis use,
e use of other substances including alcohol, tobacco, and opioids,

e health outcomes including overall health, obesity, mental health, suicide, poison
control contacts, and emergency department visits,

e traffic safety, and

e workplace safety.

Methodological Quality

The review is limited to studies that had strong internal validity, which supports
interpretation of an observed association between policy and outcome as a causal effect of
the policy. Precluding a randomized experimental design, the typical characteristics of a
study that supports causal inference are the observation of change in an outcome before
and after intervention, for units exposed to the intervention and comparison units that are
not. The most common design in the literature on effects of legalization is the difference-in-
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1 The term “non-medica
the United States.

2 Existing reviews included: (Bahji & Stephenson, 2019; Carliner et al., 2017; Chihuri & Li, 2019; D’Amico et al.,
2017; Guttmannova et al., 2016; Hall et al., 2019; Hall & Lynskey, 2020; Hammond et al., 2020; Ladegard et al.,
2020; J. Leung et al., 2018, 2019; Melchior et al., 2019; Sarvet et al., 2018; Smart & Pacula, 2019; Unlu et al.,
2020; Vyas et al., 2018; Wendelboe et al., 2019; Zvonarev et al., 2019)

refers to legalization for general adult use, commonly referred to as “recreational” in



differences (DiD) design or related analytic approaches that specify fixed effects for state
and year. These designs examine the difference in outcomes before and after legalization
among legalizing states and compare it to the difference in outcomes among non-legalizing
states over the same time period. Synthetic Control Method (SCM) studies were also
included in the review. SCM designs create a weighted composite of non-legalizing states for
comparison to a single legalizing state. In formulating the weighted composite of comparison
states, greater weight is given to non-legalizing states that are most similar to the legalizing
state, which maximizes the validity of the comparison. All of these designs provide the basic
conditions for causal inference—comparison of change in outcomes before and after
intervention for legalization and comparison states. The review also included interrupted
time series analyses (compared to DiD, these studies typically have fewer cases and more
timepoints) if they examined multiple time series—either considering differential effects on
alternate outcomes, or effects on the same outcome in more than one state with varying
time of intervention. Time series analyses examining the effect of a single policy on a single
outcome were excluded.

With these criteria in place, the scope for this review excludes studies that examine effects
of decriminalization and studies that examine effects of MMLs or NMMLs outside of the
United States. The review also excludes studies examining effects of legalization on other
outcomes such as crime and achievement. A total of 84 studies are included. It is also
important to note that this review does not directly address effects of cannabis use. Studies
addressing the harms or benefits of cannabis use would treat cannabis use as the
independent variable, whereas this review is focused on studies examining cannabis policy
as the independent variable3.

Variation in Specific Features of Legalization

The question of whether enactment of an MML or an NMML leads to harms or benefits in
the population is a natural question, and many early studies of marijuana legalization
addressed this sort of question using binary indicators of enactment of the law. Since the
first MML passed in California in 1996, 32 other states plus the District of Columbia have
passed MMLs. As more states have passed these laws, variability in their specific provisions
has become more apparent. The first states to adopt MMLs did so by voter initiative, and
these laws tended to be relatively limited in their provisions, but as more states passed
MMLs and the federal stance grew more tolerant, MMLs began to be passed by legislation
and grew more detailed in their provisions (Pacula & Smart, 2017). At present, differences
between MMLs are numerous, including requirements regarding the doctor-patient
relationship, qualifying conditions, registration, legal protection for retail dispensaries,
allowance for home and collective cultivation, possession limits, and a variety of limits on
product types, among many other differences (Klieger et al., 2017; Network for Public Health
Law, 2019). It is now widely recognized in the research literature that there is substantial
variability between states in the specific features of both medical and non-medical
legalization that needs to be accounted for in outcome studies (Cambron et al., 2017; Kamin,
2017; Klieger et al., 2017; Pacula et al., 2002; Pacula & Smart, 2017)%.

3 For a review of the harms and benefits of cannabis use see (National Academies of Sciences, Engineering, and
Medicine, Committee on the Health Effects of Marijuana, 2017).

4 For the sake of simplicity | focus on state as the jurisdiction of interest, but policy heterogeneity exists within
national, city, and county jurisdictions as well [see for example Dilley et al., (2017)]. There is also important
variability in policy effects over time and between specific portions of the population (Pacula & Smart, 2017).



It is now common for outcome studies of legalization to account for specific features of
MMLs in one way or another, but there is a lot of variety and inconsistency in how this is
done—the particular features examined, how they are defined, and how they are specified
in analyses—making it difficult to draw conclusions. The earliest outcome study in our
review to differentiate specific features of MMLs focused on binary indicators of provisions
for legal protection of dispensaries, required patient registration, and allowance for personal
cultivation (Pacula et al., 2015). Since then, outcome studies have examined effects of these
and other MML provisions, which are reviewed below. First, | will discuss a line of research
that has focused on measuring and describing variation in MML provisions. This type of
research has the potential to promote consistency in how MMLs are differentiated in
outcome studies. It also provides an introduction to the variety of ways policies are
differentiated in the review that follows.

Bestrashniy and Winters (2015) and Klieger et al. (2017) coded state MMLs on an array of
different binary features, establishing agreement between multiple coders on the provisions
in each state law. There are at least as many differences between MMLs as there are MMLs,
so there is a need to identify a small number of meaningful categories of MML types for
outcome analysis, or to identify one or more quantitative dimensions on which to rate
MMLs. Several studies have attempted to condense the large array of specific provisions.
The Bestrashniy study combined sets of binary indicators into three indices concerning
restrictions on cultivation, possession, and overall restrictiveness. Chapman et al. (2016)
took a similar approach, differentiating MMLs on four dimensions—restrictions on patient
entry into the system, possession limits, restrictions on supply, and overall restrictiveness.
One notable difference between these studies is that the Bestrashniy study established
consensus on the ratings of multiple experts for each binary indicator, and then combined
binary items into composite scales. In contrast, in the Chapman study raters provided scores
for the overall dimensions only. The former approach is favorable inasmuch as the specific
provisions are simpler pieces of information and are more likely to be rated reliably. In
addition, establishing agreement on the specific provisions can serve as a foundation for the
subsequent empirical definition of composite dimensions — how many dimensions there are
and which items comprise them. The a priori determination of how specific provisions
should be combined, with no evidence of the internal consistency of overall dimensions is a
limitation of both studies. One study did use an empirical approach to defining categories.
Hunt et al. (2013) used latent class analysis of specific provisions across MML states to
identify three types of MMLs: states that allow doctor prescribing but no legal form of
supply, those that allow home cultivation, and a third group with more diverse forms of
supply. These studies have made important progress towards the goal of identifying a small
number of meaningfully different types of MMLs, or the key dimensions of difference
between MMLs (e.g., restrictiveness of supply).

One particularly promising approach for establishing consistent treatment of marijuana
policies in outcome studies is the public availability of policy databases that contain
up-to-date information on essential MML and NMML features for every state. Typically, a
panel of experts defines a coding scheme that determines which policy features are
collected and how they are coded, and multiple raters code policies for each state, updating
them as they change over time. Two such databases are the Alcohol Policy Information
System (APIS; (Klitzner et al., 2017) and the Prescription Drug Abuse Policy System (PDAPS;
(Klieger et al., 2017).


https://alcoholpolicy.niaaa.nih.gov/
http://www.pdaps.org/

Several other studies are notable because they have examined state differences in the level
of participation in MML programs, and some of them have considered how specific
provisions affect participation rates. Fairman (2016) explored state differences in MML
participation rates and demographics. Williams et al. (2016) differentiated “medicalized” and
“non-medicalized” MML systems using expert ratings of seven features common to medical
practice and found that states with one or no medical features had higher participation
rates. Smart (2016) examined the relationship between specific policy provisions and
registration rates, and found higher rates of MML participation in states with less restriction
on qualifying conditions, lower costs for registration, less restriction on supply, and higher
possession limits. The expectation is that larger systems (systems with a larger number of
patients relative to population) are expected to produce more “spillover” from legitimate
medical use to non-medical use. Registration rates have been used as a proxy for
restrictiveness of regulations in MML outcome studies (Abouk & Adams, 2018; Smart, 2016),
but one disadvantage of this approach is that effects of registration rates do not directly
inform specific policy choices. Registration rates ideally would be treated as a criterion for
specific policy provisions, as in the above studies. That type of research could lead to more
precise consideration of optimal registration rates. To the extent that there are medical
benefits of cannabis, access is desirable, but too much access is not. Theoretically,
registration rates should roughly follow the prevalence of conditions for which marijuana is a
treatment. It should also be noted that registration rates are not the only pathway for MML
effects. People may access medical marijuana without registering, another pathway for
harms and benefits to result, which is also subject to policy provisions but would not be
reflected in registration rates.

NMML is a newer phenomenon than MML, and there are fewer instances of it, so the
research on specific provisions is in an earlier stage of development. A number of authors
have recommended NMML policy options in the interest of public health (Carnevale et al.,
2017; Caulkins, 2019; Orenstein & Glantz, 2018; Pacula et al., 2014; Shover & Humphreys,
2019; Transform Drug Policy Foundation, 2016). Other studies have inventoried policy
differences between state NMMLs (Barry & Glantz, 2018; Darnell et al., 2019; Lancione et al.,
2020). Several discussions of NMML policy features have recognized the multiple interests
pursued in legalization (e.g., reducing illicit drug markets, generating public revenue,
protecting public health) and noted that policies serving one interest may negatively affect
others (Auriol et al., 2019; Kilmer, 2019; Rogeberg, 2018) pointing to the importance of
comprehensive evaluations of outcomes.

It is now widely recognized that there are many differences in the specific provisions of both
MML and NMML across states, and these specific provisions can affect outcomes. Is there so
much heterogeneity that the overall category of MML (or NMML) has no meaning? Although
policy heterogeneity is important, studies of the effect of MML or NMML as a general
category can still provide meaningful information. Studies typically produce average effects,
and any average has the potential to conceal important differences for subsets of the
sample.® A null overall effect for a heterogeneous class of MMLs or NMMLs could contain
positive and negative effects that cancel each other out. Identifying the characteristics that
are associated with those different effects would be ideal. Such findings would transform the

5> This issue is particularly applicable to legalization outcome studies, many of which use individual-level data
from states with widely different sample sizes, making more populous states more influential on average
effects (Chu, 2018).



yes or no question of legalization to a question of how best to legalize. The literature is
moving in that direction, but it is early — findings on effects of legalization are still
developing, and effects of specific provisions are even more developmental. In the
meantime, average effects of MML or NMML as a general category of policies typically
reflect the overall effect of those types of laws in the nation, which is meaningful, and can be
complemented by findings on variation in effects for different states.

Next, | review the evidence for effects of legalization by outcome category. For each
outcome | discuss evidence for effects of legalization as represented by coarse indicators of
enactment as well as effects of specific provisions when available. For each outcome |
describe findings for effects of MMLs first, followed by NMMLs. At times | refer to the two
types of policies together as “legalization,” and | use the terms cannabis and marijuana
interchangeably. Any non-null effects discussed (e.g., increases, reductions) are statistically
significant (p<.05).

Youth Cannabis Use

Youth cannabis use has been one of the most frequently studied public health impacts of
marijuana policy. Early studies of MML typically examined effects of coarse indicators of
MML enactment and consistently indicated that youth cannabis use has not increased as a
result of MML, after controlling for pre-law levels of use, which tended to be higher in MML
states (Anderson et al., 2015; Choo et al., 2014; Harper et al., 2012; Khatapoush & Hallfors,
2004; Lynne-Landsman et al., 2013; Martins et al., 2016; Schuermeyer et al.,, 2014;
Stolzenberg et al., 2016; Wall et al., 2011, 2016)°. These findings have been generated from
school-aged samples (most commonly, 12-17 years old or grades 8-12) and apply to various
representations of marijuana use including lifetime, current, and frequent use. Two more
recent studies used coarse MML indicators and produced similar results (Cerda et al., 2018;
Mauro et al., 2019). The more recent data provide longer post-MML observation periods and
new entrants to the MML group as more states have enacted MMLs, and these studies have
continued to produce evidence that youth cannabis use has not increased as a result of
MML. One exception to this trend is the study by Wen et al. (2015) which found that a
coarse indicator of MML enactment was associated with a higher likelihood of past-year
first-time cannabis use, but not current use, among 12-20-year olds. The slightly older age
cutoff and the outcome (past-year initiation) are possible explanations for the difference in
findings between this study and the others that produced null effects.

In the past five years it has become more common to account for specific features of MML.
Pacula et al. (2015) used data from the National Longitudinal Study of Youth which follows a
sample of 12-17-year olds from 1997 through 2011 (so the results pertain to young
adulthood to some extent). They examined effects of a coarse indicator of MML along with
distinctions for MMLs that require patient registration, offer legal protection for
dispensaries, and allow home cultivation. They found null effects of the coarse indicator of
MML, but increases in prevalence of current cannabis use associated with MMLs that
provide legal protection for dispensaries and those that allow home cultivation. When their

® These citations include two sets of studies wherein an original study produced evidence that MML increased
youth cannabis use and a replication study indicated a null effect — the study by Wall et al. (2011) was refuted
by Harper et al. (2012), and the study by Stolzenberg et al. (2016) was refuted by Wall et al. (2016). In both
cases the refutations cited inadequate statistical control for pre-MML differences due to the use of random as
opposed to fixed effects for state.



sample was limited to youth under 18, the effect was null, but this adjustment also changed
the states included in MML and comparison groups due to the longitudinal nature of the
sample (omitting observations from older participants resulted in omitting more recent
MML enactments). In another study, Wen et al. (2015) used data from the National Survey
on Drug Use and Health (NSDUH) current through 2012. They differentiated a similar set of
MML provisions as Pacula et al. and found that enacting an MML with legal protection for
dispensaries was associated with an increase in current marijuana use among 12-20 year
olds.

Hasin et al. (2015) used data from the Monitoring the Future Study (MTF), a national survey
of students in grades 8 through 12, current through 2014. They examined effects of a coarse
MML indicator along with an indicator distinguishing MMLs that allow for legal dispensaries.
Findings indicated declines in the prevalence of current marijuana use among 8t graders,
null effects among 10t and 12t graders, and similar effects when distinguishing MMLs with
legal dispensaries.”’

Coley et al. (2019) used data from the Youth Risk Behavior Surveys (YRBS), a national survey
of students in grades 9 through 12, current through 2015. They found that MMLs were
associated with lower current use, and that MMLs with 2.5 oz possession limits were as well.
For the latter finding, states with MMLs without possession limits were grouped with states
without MMLs in the comparison group.

Several other studies have used more detailed schemes to differentiate MMLs. Williams et
al. (2017) distinguished “medicalized” MMLs based on 7 criteria established in earlier work
[e.g., non-smoked consumption, supply limits; (Williams et al., 2016)]. Using NSDUH data
current through 2013, they found non-significant changes in youth cannabis use and heavy
use for both medicalized and non-medicalized states, as compared to non-MML states.

Schmidt (2019) used NSDUH data current through 2013 and examined effects of a coarse
indicator of MML and also a continuous scale of the extent to which distribution is controlled
in the medical system (Chapman et al.,, 2016). Findings indicated that neither MML
enactment nor the extent of controls on medical marijuana distribution were associated
with cannabis use among youth aged 12-14 and 15-17.

Johnson et al. (2017) used YRBS data through 2011. Their treatment of specific MML
provisions was guided by work describing variation in provisions across MMLs (Bestrashniy &
Winters, 2015; Chapman et al., 2016) and differentiated possession limits,
mandatory/voluntary registration, dispensaries, for-profit dispensaries, home cultivation,
plant limits, caregiver dispensing, and limits on the number of patients per caregiver. This
study found that a coarse indicator of MML enactment was associated with decreases in
youth current use, and it found null effects for heavy use. Among specific MML provisions,
higher possession limits were associated with increases in 30-day use, and voluntary as
opposed to mandatory registration was associated with increases in 30-day use and heavy

7Subsequent studies have drawn the validity of the MTF sample into question. Dilley et al. (2019) and Midgette
& Reuter (2020) compared the MTF sample for a single state to that state’s own school survey which had a
similar sampling frame but captured a much larger probability sample than MTF. The authors found markedly
different changes in cannabis use pre- and post- recreational marijuana legalization between the two data
sources. The authors noted that the MTF is designed for the purpose of producing national and regional, but
not state, estimates. In this review, studies that use MTF data are Cerda et al. (2017, 2018) and Hasin et al.
(2015).



use. On the contrary, when using a composite index of specific provisions that was designed
to reflect the degree of liberalization of MMLs, more liberalized MMLs were associated with
decreases in current youth use.

Smart (2016) used NSDUH data current through 2013 and found that current use among 12-
17 year olds was not affected by MML enactment as represented by a coarse MML indicator,
but that higher rates of registration in medical marijuana programs were associated with
increases in current use. This study is unique in its measurement of MML -- whereas other
studies have attempted to account for policy features that presumably influence who
participates in the medical marijuana system, this study directly measured participation on a
per capita basis®.

Several studies have examined the effect of NMMLs on youth cannabis use. Cerda et al.
(2017) examined effects of NMMLs in the first two states to enact them (Washington &
Colorado) using MTF data current through 2015, and found NMML in WA was associated
with increased cannabis use among 10™ graders. This finding was later refuted by studies
that compared the relatively small MTF sample in Washington to the much larger sample
from the state's own school survey, the latter indicating that cannabis use decreased after
legalization (Dilley et al., 2019; Midgette & Reuter, 2020). In a later study of NSDUH data
current through 2016, which included the next two states to enact NMML (Oregon &
Alaska), Cerda et al. (2020) found that youth cannabis use was unaffected by NMML
enactment. Both of these studies used a coarse indicator of NMML enactment. In contrast,
Darnell et al. (2017) examined the effect of the amount of legal non-medical marijuana sold
within each school district in Washington and found that legal sales amounts over the first
year and a half were unrelated to youth cannabis use.

One study is unique among the studies in this section in that outcomes were not measured
with a survey (Wang et al., 2019). The authors used web search data to measure interest in
cannabis among youth and adults through 2017. The study examined effects of NMML
enactment by the first nine states to legalize and found that enactment was associated with
increased cannabis-related searches among adults age 20 or older but not younger web
users.

Overall, findings for effects of MML on youth cannabis use consistently indicate null effects
of a coarse indicator of MML enactment. The one exception was the finding that first-time
use in the past year, but not current use, was associated with MML enactment among 12-20
year olds. On the other hand, studies examining effects of specific provisions of MMLs have
produced mixed results. Three studies have produced evidence that youth use increased
under certain types of MMLs—those with higher rates of participation, legal protection for
dispensaries, higher possession limits, and voluntary as opposed to mandatory registration.
Another study found evidence of increased cannabis use after enactment of MMLs with legal
protection for dispensaries and home cultivation, but this effect was based on a longitudinal
sample of youth that were followed into young adulthood. Several other studies produced
findings in the opposite direction—more liberal MML provisions were associated with
decreased youth use. Thus, no clear pattern has emerged yet for the relationship between

8 Several studies have examined the relationship between specific features of MMLs and participation finding
that less strictly regulated medical marijuana systems have more participants (Smart, 2016; Williams et al.,
2016).



specific provisions of MMLs and youth use. There are far fewer studies examining effects of
NMML to date, but findings thus far have indicated null effects of NMMLs on youth use.

Adult Cannabis Use

Studies on effects of legalization on adult cannabis use have produced more consistent
results. Studies using coarse MML indicators have consistently indicated that current adult
cannabis use increased following MML enactment, as compared to states without MMLs and
accounting for pre-MML differences between states (Choi et al., 2019; Hasin et al., 2017;
Martins et al., 2016; Mauro et al., 2019; Schmidt et al., 2019; Wen et al., 2015). This group of
studies also includes several findings indicating increases in the prevalence of daily use
(Mauro et al., 2019; Wen et al., 2015). It should be noted that all but one of these studies
(Hasin et al.) used the same data source (NSDUH), with some variations between studies in
the recency of data, states included in the MML group, and analytic methods. In addition,
there are two studies that used NSDUH data and found null effects (Harper et al., 2012;
Schuermeyer et al., 2014). The Schuermeyer study focused on Colorado as its only MML
state, and both are relatively early studies, so the composition of MML and non-MML states
and the length of follow-up data may explain the discrepant findings.

Several studies have examined effects of specific MML policy features on adult use. Wen et
al. (2015) analyzed NSDUH data through 2012 and found that MMLs with non-specific pain
as a qualifying condition were associated with increased past month use and heavy use
among adults 21 and older. Williams et al. (2017) distinguished “medicalized” MMLs based
on seven criteria established in earlier work [e.g., non-smoked consumption, supply limits;
(Williams et al., 2016)]. They found that enactment of non-medicalized MMLs was
associated with increased current use by adults. Schmidt et al. (2019) used a scale measuring
controls on distribution of medical marijuana (Chapman et al., 2016) and found no
differences in adult use between MMLs with tighter controls. Smart (2016) measured per
capita participation in state MML registries and found that adult past month use increased
as a result of growth in medical registries. All three of the latter studies analyzed NSDUH
data current through 2013.

One pattern that emerges from findings for adult cannabis use is that studies have typically
found that effects of MML are larger among adults 26 and older than for the 18-25 age
group. In some cases, null effects were found for younger adults (Martins et al., 2016; Mauro
et al., 2019; Williams et al., 2017), and in other cases significant effects were found for
everyone over 18 with larger effects for adults 26 and older (Smart, 2016).

Several studies have examined effects of NMML on adult use. Cerda et al. (2020) analyzed
NSDUH data through 2016 and found NMML enactment was associated with increases in
current use and heavy use among adults 26 and older, but not 18-25-year olds. Bae & Kerr
(2020) used a national survey of college students aged 18-26 and found increases in current
use and heavy use associated with NMML enactment through 2018, with larger effects
among students 21 and older, the age group with legal access. In another non-NSDUH study,
Wang et al. (2019) examined internet search content through 2017, and found increases in
cannabis-related search by adults 20 and older associated with NMML enactment.

Overall, findings for adult cannabis use consistently indicate that the prevalence of current
cannabis use has increased among adults as a result of MML enactment. Effects tend to be
larger for older adults and less strictly regulated medical marijuana systems. There is also
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scattered evidence for increases in daily use by adults. Although findings for NMML are in an
earlier stage of development, the available studies confirm the expectation that providing a
legal supply of cannabis to adults will lead to more adult cannabis consumption.

Cannabis Use Disorder

Studies examining effects of legalization on disordered cannabis use either examine
substance abuse treatment admissions involving cannabis or self-reported symptoms of
cannabis use disorder (CUD) from surveys.

Studies examining effects of MML enactment on admissions to substance abuse treatment
for cannabis abuse have produced mixed results. All but one of these studies (Shi, 2017)
used the Treatment Episodes Data Set (TEDS), a national administrative data set of publicly
funded substance abuse treatment admissions. Among the studies examining effects of
MML enactment, Chu (2014) analyzed TEDS data through 2008 and found null effects of a
coarse MML indicator in his primary model but found increases in cannabis-involved
admissions when limiting the data to first-time admissions. Anderson et al. (2015) analyzed
TEDS data current through 2009 and found null effects of a coarse MML indicator on
cannabis-involved admissions among 15-20 year olds (the study did not examine adults).
One other study used hospital admissions data current through 2014 to examine inpatient
hospitalizations for marijuana abuse (Shi, 2017). This study found null effects of MML
enactment and active MML dispensaries.

Two other studies used TEDS data to examine effects of specific MML features. Pacula et al.
(2015) found that a coarse indicator of MML was associated with decreases in cannabis-
involved treatment admissions through 2011, but they found increases in states with legal
protection for dispensaries, both in the entire sample and when limited to persons under 21.
Another study focused on pregnant women in the TEDS data through 2014 (Meinhofer et al.,
2019). This study found that a coarse MML indicator was associated with increases in
cannabis-involved treatment admissions among pregnant women aged 12-49, with larger
effects for MMLs with active dispensaries and when the sample was limited to 18-49 year
olds.

Another group of studies examined cannabis abuse through survey data assessing self-
reported symptoms that represent the diagnostic criteria for cannabis use disorder. Wen et
al. (2015) examined NSDUH data through 2012 and found increases in self-reported CUD
after MML enactment among the population aged 21 and older. In another analysis of
NSDUH data, current through 2013, Mauro et al. (2019) found null effects of a coarse MML
indicator for respondents 12-17, 18-25, and 26 and older. Hasin et al. (2017) used several
different national survey data sources that offer a more rigorous assessment of cannabis use
disorder than the NSDUH. Data were current through 2013 and indicated increases in CUD
that were associated with a coarse indicator of MML enactment. Only one study in this
group examined effects of specific policy features. Williams et al. (2017) analyzed NSDUH
data through 2013 and found that enactment of MML in states with non-medicalized (i.e.,
less strict) systems was associated with decreases in self-reported CUD symptoms among 18-
25 year olds. For other age groups (12-17 & 26 and older) neither medicalized nor non-
medicalized MML enactment was associated with CUD prevalence.

| found two studies that examined the effect of NMML on disordered cannabis use. Darnell
et al. (2017) analyzed TEDS data through 2015 and found null effects for NMML enactment
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in Washington on treatment admissions for cannabis abuse, both among adults and under
21 year olds. Cerda et al. (2020) analyzed self-reported symptoms from NSDUH data current
through 2016 and found that NMML enactment was associated with increases in CUD
symptoms among 12-17 year olds, with larger effects among respondents 26 and older, and
null effects among 18-25 year olds.

Overall, studies of effects of MMLs on substance abuse treatment admissions involving
cannabis have produced mixed results, but they suggest some concerning possible harms
emerging from heavy use of cannabis. Coarse indicators of MML enactment have been
associated with increases in first-time admissions, and the enactment of MMLs with legal
dispensaries has been associated with increased admissions among youth, adults, and
pregnant women. However, this collection of studies also includes a number of null findings.
Studies of self-reported symptoms of cannabis abuse have more consistently indicated
increases in cannabis abuse following MML enactment. There were only two studies of
NMML effects, and only one that included multiple states, which indicated that self-reported
cannabis use increased among youth and adults after NMML enactment, with larger effects
among adults.

Other Substance Use

Marijuana legalization may affect the use of drugs other than marijuana as well. The harms
of use of alcohol, tobacco, and opioids are well-documented, making potential effects of
legalization on use of these substances central to evaluation of the public health impact of
legalization (Caulkins et al., 2015). There are reasonable expectations that legalization may
increase or decrease other drug use. If marijuana is used as a substitute for other drugs,
legalization would be expected to reduce the use of other drugs. On the other hand, if
marijuana tends to be used in combination with other drugs, either concurrently or
simultaneously, legalization would be expected to increase other drug use. °® These alternate
possibilities, substitution and complementarity, have been examined in research on effects
of legalization on alcohol, tobacco, and opioids.

Alcohol

Studies addressing legalization effects on alcohol use have generally produced more
evidence for substitution than complementarity. Regarding MML, | found only two studies
that produced evidence of increased alcohol use, consistent with complementarity. Wen et
al. (2015) found that binge drinking increased among NSDUH respondents 21 and older
following MML enactment through 2012. They also found increases on items directly
addressing concurrent and simultaneous use of alcohol and cannabis—past-month use of
both drugs alone or in combination, and use of both drugs on the same occasion—among
adults 21 and older. That study also examined effects of specific MML provisions and found

9 Use of marijuana “in combination” with other drugs could include use of multiple drugs on separate occasions
(i.e., concurrent) or on the same occasion (i.e., simultaneous). Only a small subset of ecological studies are able
to address this distinction — for example, because they have survey questions explicitly addressing
simultaneous use. Other approaches are less direct, including examining prevalence of use of each drug
separately, combining variables to focus on reported use of both drugs, or examining the other drug alone.
Many studies simply analyze use of the other substance in relationship to marijuana law and interpret the
findings as consistent with substitution or complementarity. Demonstrating corresponding changes in
marijuana use strengthens the case, but studies that do not observe changes in both substances happening
within the same individual leave open the possibility that the two changes are not actually related.
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that non-specific pain as a qualifying condition was associated with complementarity, but
that other provisions (dispensaries, registries, & home cultivation) were unrelated to alcohol
use.

The bulk of studies concerning alcohol have produced evidence of substitution. Several of
these studies used population survey data. Anderson et al. (2013) analyzed BRFSS data
through 2010 and found MML enactment was associated with decreases in any alcohol use,
frequent use, and binge drinking in the population 18 and older. In another BRFSS study,
current through 2012, Sabia et al. (2017) found MML enactment was associated with
decreases in binge drinking in the population 18 and older. Among studies focused on youth,
Cerda et al. (2018) analyzed MTF data through 2015 and found that MML enactment was
associated with decreases in binge drinking among 8t graders and no effect among 10% and
12t graders. Johnson et al. (2018) analyzed YRBS data through 2011 and found that MML
enactment was associated with decreases in past-month alcohol use and use of alcohol and
marijuana in the past month (concurrently or simultaneously).

Several other studies have examined MML effects on alcohol use using other data sources
and produced additional evidence of substitution. Smart (2016) examined alcohol-related
poisoning mortality among persons 15 and older through 2013. Findings indicated that
poisoning deaths involving alcohol decreased among 45-64 year olds, but not other age
groups, in states with greater participation in MML registries. Another group of studies used
data on alcohol sales. Anderson et al. (2013) used industry-reported data on sales of beer,
wine, and liquor through 2010 and found that MML enactment was associated with declines
in sales of beer. Baggio et al. (2020) used a proprietary database of retail UPC (universal
product code) scanner records on aggregate alcohol sales and beer and wine sales through
2015. The study identified decreases in alcohol consumption associated with MML
enactment for all beverage types. On the contrary, Veligati et al. (2020) analyzed data on
alcohol tax receipts through 2016 and found no effect of MML enactment. Potential
explanations for the contradictory findings are that the Baggio study was conducted at the
county-month level of analysis versus state-year in the Veligati study. Also, the
representativeness of the proprietary data source in the Baggio study was not clearly
indicated and may differ from the sales data based on tax receipts used in the Veligati study.

Several studies have examined effects of NMML on alcohol use. Darnell et al. (2017)
examined the relationship between the amount of legal cannabis sold in Washington
counties and binge and heavy drinking and found no evidence of an effect of legal cannabis
sales under NMML through 2015. Alley et al. (2020) analyzed data from the National College
Health Assessment (NCHA-II) current through 2018 and found that NMML enactment was
associated with decreased binge drinking among college students 21 and older (the age of
legal access to marijuana) but not among younger students. Veligati et al. (2020) found no
effect of NMML on alcohol tax receipts. Leung (2019) analyzed data from the Healthy Minds
Study, a probability sample of college students current through 2017. Results indicated a null
effect of a coarse indicator of MML enactment on binge drinking. Finally, Wang (2019)
examined internet searches for various substances through 2017 and found that NMML
enactment was associated with decreases in searches related to alcohol among adults 20
and older, but a null effect among youth.®

10 Two layers of detail have been omitted from the discussion of findings for alcohol and tobacco. Many of
these studies examined effects on cannabis use in addition to alcohol/tobacco. Accompanying changes in
cannabis use could strengthen the interpretation of effects as evidence of either substitution or
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Tobacco

Studies concerning effects of legalization on tobacco use have generally indicated no effect,
or decreases. Among studies of the adult population, Andreyeva and Ukert (2019) analyzed
BRFSS data through 2013 and found null effects of MML enactment (and active dispensaries)
on cigarette use among the population 18 and older. Leung (2019) found a null effect of a
coarse indicator of MML enactment on current cigarette smoking among college students
through 2017. In contrast, Choi et al. (2019) found that MML enactment was associated with
declines in cigarette smoking prevalence in three different adult (18+) population surveys
(NSDUH, BRFSS, and the Current Population Survey) current through 2015. | found only one
study examining MML effects on youth smoking. Cerda et al. (2018) analyzed MTF data
through 2015 and found MML enactment was associated with decreases in cigarette use
among 8t graders, null effects among 10t graders, but increases in cigarette use among 12t
graders.

Several studies have examined effects of NMMLs on smoking. Alley et al. (2020) analyzed
data from a population survey of college students through 2018 and found that NMML
enactment had no effect on consumption of nicotine products including cigarettes,
smokeless tobacco, and vaping. Veligati et al. (2020) found null effects of both MML and
NMML on tobacco tax receipts through 2016. This study produced important insight into a
likely potential confound in analyses linking marijuana laws to cigarette use. Smoke-free air
policies proliferated over the same years as marijuana liberalization and likely affect
smoking, so they may be a time-varying confound to the extent they coincide with marijuana
law enactments. In the Veligati study, effects of marijuana policy were significant until the
enactment of smoke-free air policies was accounted for. Another study examined the effect
of NMML in Washington State (Darnell et al., 2017) finding that the amount of legal cannabis
sold in Washington counties had no effect on the prevalence of cigarette smoking through
2015. One other study (Wang et al., 2019) examined NMML effects on substance-related
internet search terms through 2017 and found that tobacco-related search increased among
adults (21+) and decreased among youth.

With few exceptions studies examining effects of marijuana legalization on tobacco use have
produced null effects. One study did find evidence of decreased smoking following MML
enactment across three different population surveys.

Opioids

Marijuana is expected to substitute for opioids, particularly in the management of pain.
Studies have examined potential effects of marijuana legalization on opioid overdose deaths,
self-reported opioid abuse, treatment admissions, traffic fatalities, and opioid prescribing.

Studies of the effect of MMLs on opioid overdose deaths have produced conflicting results.
One study found MMLs were associated with a decrease in opioid overdose mortality
(Bachhuber et al., 2014). That study was limited to the period 1999-2010 and examined the
effect of a coarse indicator of MML enactment. Subsequent studies using more recent data
have found effects in the opposite direction—MML enactment was associated with
increased opioid overdose mortality (Phillips & Gazmararian, 2017; Shover et al., 2019).

complementarity. However, findings for cannabis were reported in a previous section and including them again
here complicated an already detailed set of findings. The same can be said of effects of specific MML
provisions. That set of findings was very mixed and obscured the conclusions for effects of MML enactment.

14



Shover et al. suggested that all of these studies may suffer from omitted variable bias,
perhaps failing to account for contextual factors surrounding the opioid epidemic that may
coincide with MML and affect opioid mortality. Interestingly, the Phillips & Gazmararian
study also examined the combination of MML with prescription drug monitoring programs
(PDMPs), finding a marginally significant beneficial effect of MMLs when combined with
PDMPs. This finding suggests the importance of accounting for combinations of policies
given that the effect of a given policy may depend on what other policies are in place.

A number of studies have examined effects of specific features of MMLs on opioid mortality.
Powell et al. (2018) found null effects of a coarse MML indicator on mortality through 2013,
but reductions in mortality when MMLs with dispensaries were distinguished. Smart (2016)
differentiated MML states by their population rates of participation in medical marijuana
registries and found lower overdose mortality through 2013 among adults aged 45-64
associated with higher rates of participation. The Shover study cited above included
additional analysis with separate categories for MML states with accompanying NMML, and
MML states only allowing low THC products; it found that only the ‘other’ MML states (those
without NMML and THC restrictions) had higher opioid deaths™.

NMML effects on opioid mortality have also been examined. Livingston et al. (2017) used an
interrupted time series analysis of opioid mortality in Colorado through 2015 adjusting for
opioid mortality over the same period in two neighboring states. Findings indicated a
reduction in mortality associated with the initiation of legal sales. In contrast, Alcocer (2020)
examined opioid mortality through 2017 in Colorado compared to a synthetic control group
of states with MML but not NMML. Findings indicated a null effect of the initiation of retail
sales on opioid overdose mortality. The stronger comparison group in the Alcocer study and
the longer follow-up period are possible explanations for the conflicting findings.

One particularly strong study (Chan et al., 2020) analyzed opioid mortality through 2017
testing effects of the enactment of MML and NMML and active dispensaries for each (4
separate intervention estimates). Their preferred model omitted comparison states that
experienced the steepest increases in opioid mortality on the reasoning that smaller
increases in legalizing states could be mistaken for an effect of legalization. Findings
indicated reductions in opioid mortality associated with both MML and NMML dispensaries,
and these findings were robust to various alternative specifications.

Another group of studies examined effects of legalization on self-reported opioid misuse.
Wen et al. (2015) analyzed NSDUH data through 2012 examining effects of a coarse indicator
of MML enactment along with specific provisions for non-specific pain as a qualifying
condition, required registration, legal protection for dispensaries, and home cultivation.
Findings indicated null effects for all MML variables on opioid misuse among 12-20 year olds
and adults. A more recent analysis of NSDUH data current through 2014 examined effects of
MML enactment and dispensaries and found null effects on opioid misuse and opioid use
disorder (Segura et al., 2019). One study focused on youth—Cerda et al. (2018) analyzed
MTF data through 2015 and found that a coarse indicator of MML enactment was associated
with a decrease in non-medical opioid use among 8t graders, a null effect among 10t
graders, and an increase among 12t graders.

11 THC is delta-9-tetrahydrocannabinol, the main psychoactive compound in marijuana.

15



| identified one study that examined the effect of NMML on self-reported opioid misuse.
Alley et al. (2020) analyzed data from a national sample of college students (NCHA-II) current
through 2018 and found that NMML enactment was not associated with opioid misuse.

Several other studies have examined effects of MML on opioid use as reflected in substance
abuse treatment data. Chu (2015) analyzed treatment admissions involving heroin using
TEDS data current through 2011 and found that MML enactment was associated with
declines in treatment admissions involving heroin, accompanied by increases in marijuana
admissions, for people 18 and older. Powell et al. (2018) focused on opioid pain relievers
(excluding heroin) in TEDS data through 2013. They found null effects of a coarse MML
indicator but reductions in opioid admissions when MMLs with legal protection for
dispensaries were distinguished, and even larger effects when legal dispensaries were active.
One study to not use TEDS data examined inpatient hospitalizations for opioid abuse and
opioid overdose through 2014 and found reductions in both associated with MML
enactment but not active dispensaries (Shi, 2017).

One study examined MML effects on opioid abuse using traffic fatalities data. Kim et al.
(2016) examined drivers in fatal crashes who tested positive for opioids, using FARS data
through 2013. To deal with the large amount of missing data on toxicology in FARS data the
study was limited to 18 states with the most complete data. The study produced null effects
for MML enactment with a legal supply source (either home cultivation or dispensaries).

A sizeable group of studies has examined legalization effects on opioids using data on opioid
prescribing. Because most of these studies have been published within the past several years
many examined effects of both MML and NMML. Because all states that have enacted
NMML had previously passed MML, effects of NMML represent the additional change in the
outcome caused by NMML above and beyond changes produced by MML. This group of
studies includes data sources covering prescriptions paid by Medicare or Medicaid, a data
source of all prescriptions filled by pharmacies, and a survey measure of prescriptions.

Bradford & Bradford (2016) examined Medicare prescriptions through 2013, focusing on
prescriptions for specific health conditions. MML was defined as having an enacted MML
and available supply (allowance for home cultivation or legal and operating dispensaries).
Findings indicated that MML enactment was followed by reductions in prescriptions for pain
management (not necessarily limited to opioids). In a later study, Bradford et al. (2018)
analyzed Medicare prescriptions through 2015, examining effects of MML with separate
indicators for MML enactment, allowance for home cultivation, and dispensaries. MML
enactment produced null effects on opioid prescribing outcomes, but allowance for home
cultivation and dispensaries were both associated with reductions in opioid prescribing.

Other authors have used Medicaid prescription data. Wen and Hockenberry (2018)
examined effects of MML and NMML on Medicaid prescribing through 2016. Legalization
was represented by law enactment and policy heterogeneity was addressed by state-specific
estimates for each of 8 MML states and 4 NMML states that changed law status during the
study period. The comparison group consisted of all other states, and in an alternate analysis
omitted states that did not enact MML prior to the study period. Both MML and NMML
enactment indicators were associated with decreased opioid prescribing. State-specific
estimates indicated these decreases were found in 4 of 8 MML states and 3 of 4 NMML
states. There was no clear identification of policy differences that would explain the
difference in state effects. Bradford & Bradford examined Medicaid prescriptions for certain
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conditions through 2014 and found that states with enacted MML (regardless of available
supply) had reductions in prescriptions for pain management (Bradford & Bradford, 2017).
Liang et al. (2018) examined opioid prescriptions among Medicaid recipients through 2014.
MML was represented with separate indicators for law enactment and active dispensaries.
They found null effects for Schedule Il drugs which comprise approximately 95% of opioid
prescriptions. However, the study did identify reductions due to enactment but not
dispensaries in less-commonly prescribed Schedule Ill opioids which the authors noted tend
to be used for less severe pain management. In the most recent Medicaid study, Shi et al.
(2019) examined effects of NMML on Medicaid prescriptions through 2017. Eight states and
the District of Columbia were compared to six states with MML but not NMML. Findings
indicated null effects for NMML enactment.

In another study, McMichael et al. (2020) used a dataset containing all prescriptions (derived
from pharmacies records as opposed to prescribers) current through 2018 to examine
effects of MML and NMML. Both MML and NMML enactment were associated with
decreases in opioid prescriptions. The study also reported analyzing effects of different types
of MMLs and finding results consistent with coarse enactment indicators, but it did not
specify which aspects of MMLs were accounted for.

Finally, Ozluk (2017) used data from the Medical Expenditure Panel Survey (MEPS) a
representative survey of the US population that includes information on prescription opioid
expenditures. Data were limited to respondents 18 or older and were current through 2014.
The study examined effects of MML enactment plus provisions for dispensaries, non-specific
pain, registry requirement, and home cultivation. The study used a unique approach to
examining effects of specific provisions in that it reported effects of combinations of
provisions, and identified states that have enacted those combinations. Results indicated
that MML enactment was associated with a decrease in the amount of expenditure (but not
the likelihood of being an opioid user) among 18-39-year olds (but not older adults).
Independent effects for specific provisions indicated that this effect was attributable to
MMLs that allowed home cultivation. Regarding combinations of provisions, four types of
MMLs were examined. Results indicated that the reduction in expenditures was isolated to
the two types of MMLs that placed the least restrictions on access to cannabis.

Overall, studies of effects of legalization on other drug use have produced several noticeable
patterns of findings. Studies of effects on alcohol have produced consistent evidence that
alcohol consumption decreases following MML and NMML enactment. Studies of effects on
tobacco have generally indicated null effects of MML and NMML. Studies examining effects
of legalization on opioids are the most numerous in this category. Studies of opioid mortality
have produced mixed findings. There are indications from several studies that opioid
mortality has been reduced following legalization, although null effects and increases have
been identified in other studies. Studies of self-reported opioid misuse have generally
produced null effects. And studies of opioid prescribing have consistently indicated
reductions in prescription opioid use following legalization. Although these latter findings
are consistent with substitution, none of the opioid prescribing studies observed
accompanying changes in marijuana use, which would strengthen the case for substitution.
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Health

The health category of outcomes includes studies addressing effects on self-reported general
health, obesity, and mental health from population surveys; suicide; calls to poison control;
and emergency department visits.

Andreyeva and Ukert (2019) analyzed BRFSS data through 2013 and found that MML
enactment was associated with increases in respondents reporting very good or excellent
overall health in the population 18 and older. Separate effects for MML enactment and
active dispensaries were estimated, indicating active dispensaries produced a reduction in
overall health, following the increase associated with enactment, resulting in an overall
effect of enactment and dispensaries that was still positive. Nicholas and Maclean (2019)
used data from the Health and Retirement Study through 2012, a representative sample of
adults 50 and older, and found that ratings of overall health were higher following
enactment. The study also examined effects of specific MML provisions (i.e., required
registration, active dispensaries, home cultivation, and non-specific pain as a qualifying
condition), but findings from these analyses did not produce an interpretable pattern of
results.

Sabia et al. (2017) used BRFSS data to examine MML effects on body weight finding that
body mass index and obesity were reduced among adults 18 and older following MML
enactment. This study examined effects of specific policy provisions and found that non-
specific pain as a qualifying condition was associated with decreases, but it found null effects
for dispensaries, collective cultivation, or registries.

Dutra et al. (2018) used NSDUH data to analyze the prevalence of serious mental illness
(SMI) in the population 18 and older through 2015. SMI was defined as self-reported
symptoms of a wide range of psychological disorders that impair daily functioning. The study
differentiated liberal and restrictive MMLs on the basis of qualifying conditions.™ Findings
indicated increased prevalence of cannabis use and SMI following enactment of liberal
MMLs but not restrictive MMLs. Another study examining mental health outcomes analyzed
data from the Healthy Minds Study, a probability sample of college students current through
2017 (G. Leung, 2019). Results indicated a null effect of a coarse indicator of MML
enactment on self-reported depression, anxiety, and suicidal ideation.

Effects of MML on completed suicides have been examined in a number of studies, which
have produced mixed results. Anderson et al. (2014) examined the effect of MML enactment
on state suicide rates through 2007 and found reductions among males. However, a re-
analysis of the same data that included additional time-varying covariates (e.g., state
demographics, mental health expenditures) found null effects (Grucza et al.,, 2015). One
other study examined suicide rates in California and found that all suicides and suicides by
gunshot were reduced following MML enactment relative to a synthetic comparison (Bartos
et al., 2019). This study used data current through 2004, examined MML in only one state,
and did not explicitly account for the covariates identified by Grucza et al.

Emergency department (ED) visits involving cannabis have also been examined, however
data availability has limited the research on this outcome. The only national data system on

2 The analysis also included a separate binary indicator of whether the MML allowed patients to petition
providers for special approval to use marijuana for conditions beyond the allowed qualifying conditions. The
study also used meta-regression which is a unique analytic approach among studies in this review, reported by
the authors to treat states independently eliminating the need for fixed effects for state.
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ED visits was the Drug Abuse Warning Network (DAWN), a national public heath surveillance
system that discontinued data collection in 2011. An older study used DAWN data to
examine effects of early MMLs, finding no evidence of an effect of enactment in California,
Washington, and Colorado on ED visits involving cannabis (Gorman & Huber, 2007). Most
studies of ED visits use datasets unique to a given state and often lack comparison data. One
exception is a study by Conyers & Ayres (2020) that examined the effect of medical
marijuana dispensaries in Arizona by taking advantage of the fact that the location of
medical marijuana dispensaries was determined by lottery. They compared postal codes
with dispensaries to those without and found that dispensaries were related to increased ED
visits involving cannabis.

Contacts to poison control centers provide insight into another aspect of health impacts of
legalization. Shi & Liang (2020) examined cannabis poisoning data from the US National
Poison Data System which includes calls to all 55 poison centers in the US through 2017.
Calls concerning exposure to cannabis were unrelated to enactment of NMML but increased
after NMML dispensaries became active.

One other study in this group examined MML effects on mortality due to cardiovascular
causes (Abouk & Adams, 2018). MML enactment was associated with increases in
cardiovascular deaths for both men and women through 2014. The study also differentiated
restrictive and lax MMLs, based on dispensary regulations and the number of registrants.
Findings indicated the increased cardiovascular mortality was isolated to enactment of lax
MMLs.

Overall, effects of legalization on self-reported health outcomes are mixed, in part due to
the variety of outcomes that have been examined. In this category there are very few
specific outcomes that have been examined by more than one study. Therefore, findings for
the entire category are inconclusive, but more findings than not provide evidence of health
harms due to MML enactment and several of these findings are specifically associated with
MML dispensaries.

Traffic Safety

Nearly all analyses of legalization effects on traffic safety used national data from the Fatal
Accident Reporting System (FARS) which provides a census of motor vehicle accidents
involving fatalities. Limitations of FARS data include that only fatal accidents are included,
and data on driver fault and involvement of alcohol and drugs are often incomplete. As a
result, analyses typically do not account for fault, and many ignore impairment, focusing on
total fatalities as a less biased version of the data. Findings for effects of MML and NMML on
traffic fatalities are mixed.

One of the earliest studies of MML effects on fatal accidents (Anderson et al., 2013)
examined effects of a coarse indicator of MML enactment on fatalities with and without
alcohol involvement through 2010. They found MML enactment was associated with
reductions in fatalities with alcohol involved, interpreting findings as evidence of
substitution. Two other studies found decreases associated with MML. Bartos examined all
fatalities regardless of substance involvement in California through 2015 compared to a
synthetic comparison group and found decreases following MML enactment. Cook et al.
(2020) aggregated all FARS fatalities to the city level and examined effects of city
decriminalization and state MML through 2017. Findings indicated reductions following
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MML enactment with larger effects among 15-24-year-old victims and alcohol-involved and
weekend nighttime crashes.

Two other studies produced null effects. Masten and Guenzberger (2014) analyzed
marijuana-involved fatal accidents through 2009 using interrupted time series analysis3. The
study did identify increases in 3 of 12 states examined, but most states produced null
effects. The study did not identify a consistent pattern in indicators of MML restrictiveness
between states with increases and those without. Santaella et al. (2017) estimated the effect
of MML enactment on traffic fatalities in 19 states through 2014, identifying decreases in
seven states, increases in two states, and null effects for the remaining ten. The authors
found no clear differences between states in policy features to explain this variation.

In contrast, another group of studies has produced evidence of increased fatal accidents
resulting from MML. Smart (2016) examined the effect of medical marijuana registration
rates through 2013 and found increases in fatal accidents involving young drivers (15-20
years old). When substance involvement was considered, MML effects were larger among
15-20-year olds with alcohol involvement, among 21-24-year olds with marijuana
involvement, and among both age groups when both alcohol and marijuana were involved.
Sevigny (2018) examined marijuana-involved fatal accidents through 2014, using multiple
imputation to deal with the large amounts of missing data for substance involvement. The
study found no evidence of an effect of MML enactment, and allowance for home
cultivation, but an increase following the availability of active dispensaries, both legal and
quasi-legal. The author reasoned that driving to purchase marijuana and consuming before
returning home may be the reason for this finding. Notrica et al. (2020) examined effects of
a comprehensive set of traffic safety-related policies, including decriminalization, MML, and
NMML. Marijuana policies were represented with a single time-varying ordinal variable
(prohibition, MML, decriminalization, NMML) which was associated with traffic fatalities
through 2015. Relating this finding to the other studies is more difficult because effects of
MML and NMML are typically modeled with separate indicators.

One final study of MML effects is unique in this group because it did not use FARS data. Fink
et al. (2020) used three different national surveys to examine effects of MML enactment on
self-reported driving under the influence of cannabis and alcohol!®. The study found
increases in self-reported driving under the influence of cannabis associated with MML
enactment compared to states that never enacted MML.

There have been several studies to examine effects of NMML on traffic safety. Sevigny
(2018) focused on MML effects using FARS data through 2014, but also reported estimates
of the effect of NMML on fatalities involving THC-positive drivers. Findings indicated declines
following NMML enactment but were based on the first year of enactment in only two states
(Colorado & Washington).

Several other studies have identified null effects of NMML. Aydelotte et al. (2017) compared
total FARS fatalities through 2015 in Washington and Colorado to eight states with similar
traffic safety characteristics that had not enacted NMML or MML. Findings indicated null

13 Unlike nearly all of the other studies in this review, this study did not include comparison data, but the study
met our standard for internal validity because it examined effects of MML enactment in 12 different states
with varying time of intervention.

14 Datasets were the National Longitudinal Alcohol Epidemiologic Study (NLAES) and the National Epidemiologic
Survey on Alcohol and Related Conditions (NESARC & NESARC-III).
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effects for NMML enactment. Hansen et al. (2020) examined FARS data through 2016
comparing Washington and Colorado to a synthetic comparison group of non-NMML states.
The study produced null effects of NMML enactment and initiation of retail sales on total
fatalities and fatalities with or without THC or alcohol involvement.

Two studies produced evidence of increased fatalities due to NMML. Aydelotte et al. (2019)
examined total fatalities through 2017 on a monthly basis in Washington and Colorado
compared to nine states that didn’t change MML or NMML status during the study period
(some had adopted MML before the study period and some had neither NMML nor MML).
The study considered the effect of NMML enactment and initiation of legal sales, finding
increases due to initiation of sales. In one of the few studies to use data other than FARS,
Lane and Hall (2019) analyzed a dataset of transportation-related fatalities through 2016
which contained a broader set of fatalities than FARS (including aviation and boating
fatalities for example). The study examined effects of NMML sales initiation in Washington,
Colorado, and Oregon compared to adjacent states. Findings indicated an increase in
fatalities immediately following initiation of legal sales that decreased in later years.

Overall, findings for effects of legalization on traffic safety are inconclusive. Nearly all studies
have examined traffic accidents involving fatalities, and almost all of these have used the
FARS data set. Findings for effects of MML on fatal accidents are mixed. Multiple studies
produced evidence of decreased fatalities due to MMLs, suggesting that MMLs may improve
traffic safety by reducing driving under the influence of alcohol or other drugs. Other studies
found null effects, and still another group of studies found positive effects of MMLs on
traffic fatalities. Furthermore, no clear conclusions can be drawn about effects of specific
provisions. Effects of NMMLs on fatalities were also mixed. Only one study in this group
examined an outcome other than fatalities, and it found increases in self-reported driving
under the influence of marijuana following MML enactment. It is difficult to characterize the
direction of findings on traffic fatalities due to the assortment of differences between
studies, including which accidents are selected from FARS, which states are analyzed, and
how policies are differentiated.

Workplace Safety and Wellness

The review also includes a smaller collection of studies that address legalization effects on
health outcomes in the workplace. One study addressed workplace fatalities, considering the
possibility that marijuana impairment negatively affects safety, and the competing possibility
that substitution for other more impairing drugs may improve safety. Another group of
studies examined the ability to work as affected by illness and injury (e.g., employment,
hours worked, and illness-related absences). These studies consider the possibility that
increased marijuana access through MML reduces work via marijuana misuse, versus the
alternate possibility that therapeutic benefits of medical marijuana access allow people to
manage injuries and illnesses and work more.

Anderson et al. (2018) analyzed a national dataset of all workplace fatalities for workers 16
and older current through 2015. The study examined effects of MML enactment and also
distinguished MMLs with non-specific pain as a qualifying condition and allowance for
collective cultivation. Results indicated MML enactment was associated with reductions in
fatalities only in the 25-44 age group, and this effect was stronger for MMLs allowing for
collective cultivation and non-specific pain as a qualifying condition.
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Ullman (2017) examined self-reported work absences due to illness in a nationally
representative sample from the Current Population Survey current through 2012. MML
enactment was associated with reductions in health-related absenteeism among males and
among full-time workers. The study also distinguished lax and restrictive MMLs based on
dispensary regulations and registration rates and found that enactment of lax MMLs, but not
restrictive ones, was associated with reductions in absenteeism among full-time workers.

Nicholas and Maclean (2019) used data from the Health and Retirement Study through 2012,
a nationally representative sample of adults 50 and older, and found that older adults who
were employed were able to work more (e.g., more hours, more full-time employment)
following MML enactment, and this effect was larger among older adults reporting health
conditions that would qualify for medical marijuana treatment. MML enactment was
unrelated to the likelihood of employment. The authors interpreted this pattern of results as
evidence that MML enactment produced therapeutic benefits enabling respondents to work
more, which outweighed possible negative effects of marijuana abuse on employment, such
as job loss. The study also examined effects of specific MML provisions (i.e., required
registration, active dispensaries, home cultivation, and non-specific pain as a qualifying
condition), but findings from these analyses did not produce an interpretable pattern of
results.

Ghimire and Maclean (2020) examined MML effects on workers’ compensation (WC) claims
through 2013. WC claims can be made for on-the-job injuries and could increase if
marijuana-related impairment at work increased as a result of MML, or could decrease if
therapeutic benefits of medical marijuana allow people to continue work or return to work
more quickly. Results indicated that MML enactment was associated with reductions in the
likelihood and duration of WC claims. The study also distinguished MMLs with required
registration, legal protection for dispensaries, allowance for collective cultivation, non-
specific pain as a qualifying condition, and employment protection for medical marijuana
users. Among these specific provisions, the employment protection provision was associated
with larger reductions in WC claiming.

Overall, the studies in this section suggest that MML reduces workplace fatalities and
absences due to injury or illness and increases the ability to work. These findings are
consistent with the expectation that access to medical marijuana allows people with health
conditions that can be managed by marijuana to work more. The evidence is also consistent
with the possibility that medical marijuana may be used instead of other drugs, such as
alcohol or opioids, that have stronger negative effects on work. There were no studies of
NMML effects on workplace outcomes.
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Conclusions

Below | summarize findings for each category of outcomes, leading to a discussion of the
limitations of the existing research on effects of legalization.

Youth Cannabis Use

Findings for effects of MML on youth cannabis use generally indicated that youth use has not
been affected by MML enactment on average across the various versions of MML that have
been enacted thus far. Studies examining effects of specific MML provisions have produced
mixed results—some studies have indicated that less restrictive MMLs are associated with
increased youth use, others have indicated decreases, and the majority have indicated null
effects of specific provisions. There are far fewer studies examining effects of NMML to date,
but findings thus far have indicated null effects of NMML on youth use.

Adult Cannabis Use

Studies of MML effects on adult marijuana use have consistently indicated that adult use
increases as a result of MML enactment. In addition, findings for specific provisions of MMLs
have suggested that MMLs with fewer restrictions on access, such as allowing non-specific
pain as a qualifying condition, are associated with increased adult cannabis use, although
other results of this type have been null. Studies of NMML thus far have indicated that
cannabis use increases among adults following NMML enactment. Studies have generally
demonstrated that this effect is specific to the portion of their samples age 21 or older which
is the age of legal access in all NMMLs. Increased prevalence of use by adults resulting from
MML and NMML is to be expected. Change in heavy use specifically is one of the more
concerning potential outcomes of legalization (Caulkins, 2019). These studies have not yet
produced clear evidence of MML or NMML effects on heavy cannabis use (e.g., daily or near-
daily past-month use).

Cannabis Use Disorder

Studies of effects of MMLs on substance abuse treatment admissions involving cannabis
have produced mixed results but suggest some concerning possible harms emerging from
heavy use of cannabis. These include a study indicating an increase in first-time admissions,
and findings indicating increased treatment admissions among youth, adults, and pregnant
women following enactment of MMLs with legal dispensaries. Studies of self-reported
symptoms of cannabis abuse have more consistently indicated increases in cannabis abuse
following MML enactment, although this group of studies also includes null effects and the
rare decrease in disordered use. There were only two studies of NMML effects, and only one
that included multiple states, which indicated that self-reported cannabis use increased
among youth and adults, with larger effects among adults.

Other Substance Use

A substantial body of research has considered potential effects of legalization on use of
drugs other than marijuana. Increased access to marijuana may allow it to be used instead of
other drugs, in which case legalization may lead to reductions in other drug use. On the
other hand, if marijuana is used in combination with other drugs, legalization would be
expected to increase other drug use. The harms of use of alcohol, tobacco, and opioids are
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well-documented, making potential effects of legalization on use of these substances a
potentially overriding factor in the public health impact of legalization (Caulkins et al., 2015).

Studies of legalization effects on alcohol have produced consistent evidence that alcohol
consumption decreases as a result of both MML and NMML enactment, consistent with
substitution (i.e., marijuana being used as a substitute for alcohol, rather than in
combination with alcohol). One study did find increases in binge drinking and past month
use of marijuana and alcohol in combination among adults following MML enactment.
Several other studies produced null effects. But more studies indicated reductions in alcohol
use, leading to the conclusion that at present the evidence suggests that legalization reduces
alcohol consumption.

Studies of effects of legalization on tobacco use, primarily cigarette smoking, have general
produced null effects for both MML and NMML enactment. One study did produce evidence
of declines in smoking in the adult population across three different surveys following MML
enactment. Another study found evidence of increased smoking among 12th graders (but
decreases among 8th graders). However, more studies produced null effects. Very few
studies in this group examined effects of specific provisions limiting conclusions that can be
drawn in that regard.

A large number of studies have examined legalization effects on opioid abuse. These studies
have examined opioid-related mortality using death records, self-reported opioid misuse in
surveys, and opioid prescribing from medical administrative data. The evidence for opioid
mortality is distinctly mixed. Early evidence of reductions in opioid mortality due to MML
enactment were not replicated in several more recent studies. Effects of MML provisions,
specifically dispensary provisions have been associated with reductions in opioid mortality in
two studies. Effects of NMML on opioid mortality were also examined in two studies which
produced null effects. One recent and particularly well-designed study accounted separately
for enactment of MML and NMML and the availability of active dispensaries for both, and it
identified reductions in opioid mortality attributable to the presence of active MML
dispensaries and NMML dispensaries. In contrast, studies of self-reported opioid misuse
have generally indicated null effects for both MML and NMML. Other studies examined
MML effects on treatment admissions and traffic fatalities involving opioids and produced
mixed results for MML enactment and specific provisions, including increases, decreases,
and null effects. On the other hand, studies of prescribing data have produced stronger
evidence of reductions in opioid consumption associated with both MML and NMML,
consistent with the expectation that marijuana can be used as a substitute for opioids for
pain management. This group of studies also included several that produced null effects, and
studies examining effects of specific provisions have not produced an interpretable pattern
of findings.

Health

Effects of legalization on self-reported health outcomes are mixed, in part due to the variety
of outcomes that have been examined—there are very few specific outcomes that have
been examined by more than one study. Therefore, findings for the category are
inconclusive, but more findings than not provide evidence of health harms due to MML
enactment. Several of these findings are specifically associated with MML dispensaries.
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Among the assorted findings in this category, MML has been associated with increases in
ratings of overall health, decreases in body mass index, and increases in serious mental
illness. MMLs with dispensaries had harmful effects in two of those studies. Several studies
examined effects of MMLs on suicide and produced contradictory findings. One of these
analyses identified reductions in suicide following MML but was later refuted by a study that
included additional time-varying covariates and found null effects. A different study focused
on California and identified decreases in suicides. Other findings in the health category
include a study focused on Arizona that identified an increase in ED visits in areas of the
state that had active MML dispensaries. Another national study identified an increase in
poison control calls following the enactment of MMLs with active dispensaries. Finally,
cardiovascular deaths were found to increase following enactment of MMLs with relatively
lax restrictions on access.

Traffic Safety

Findings for effects of legalization on traffic safety are inconclusive. Nearly all studies of
legalization effects on traffic safety have examined traffic accidents involving fatalities, and
almost all of these have used the FARS data set. Fatal accidents are an extreme subset of
possible traffic safety outcomes. Findings for this group of studies have been mixed. Multiple
studies have produced evidence of decreased fatalities due to MMLs, suggesting that MMLs
may improve traffic safety by reducing driving under the influence of alcohol or other drugs.
Other studies found null effects, and still another group of studies found increased traffic
fatalities due to MMLs. Several of these studies examined state-specific effects of MML for
multiple states, but there were no clear conclusions that could be drawn about effects of
specific provisions. Effects of NMMLs on fatalities were also mixed. Two studies found null
effects and two found increased fatalities following NMML. Only one study in this group
examined an outcome other than fatalities, and it found increases in self-reported driving
under the influence of marijuana following MML enactment. Aside from that study, effects
of legalization on less severe impacts on traffic safety are unknown. Overall, it is difficult to
characterize the direction of findings on traffic fatalities due to various differences between
studies, including which accidents are selected from FARS, which states are analyzed, and
how policies are differentiated.

Workplace Safety and Wellness

This outcome category included only four studies. One addressed workplace fatalities, and
the others addressed employment, hours worked, and absenteeism. Findings indicated
reduced workplace fatalities and increased amounts worked in terms of hours and reduced
absenteeism. These findings are consistent with the expectation that access to medical
marijuana allows people to manage illness and injury and work more. They are also
consistent with substitution of marijuana for other drugs such as alcohol or opioids which
may have greater negative effects on workplace outcomes.

Limitations of Current Research on Marijuana Legalization

This review applied strict criteria for study quality, including only studies that supported
causal inference, and it still included a larger number of studies. This is an impressive body of
literature that is rapidly developing, with most studies being published in the past five years.
Identifying policy effects on population-level outcomes is a tall order because variation in
those outcomes is subject to so many influences, only one of which is the policy change of
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interest. Although the studies selected for this review are the strongest available, several of
them demonstrated legalization effects that were nullified after accounting for time-varying
confounds that are not commonly accounted for in other studies (Grucza et al., 2015;
Veligati et al., 2020). The presence of time-varying confounds is a very real possibility that is
easy to forget when digesting the many factors that are accounted for by these studies. This
possibility admits a degree of uncertainty to all of the conclusions in this review. The
challenges are even greater for outcome studies that attempt to identify effects on
secondary outcomes—outcomes that are indirectly affected by legalization. Studies of health
effects of drug policy for example expect changes in health outcomes to result from
intermediate changes in drug use. These secondary outcomes are more multiply-determined
than drug use, which itself is subject to manifold determinants.

In light of these difficulties it may be acceptable to infer effects on secondary outcomes by
associating policy effects on drug use with findings from other studies demonstrating effects
of drug use on those secondary outcomes. Effects of drug use are better understood through
individual-level studies focused on drug use as the independent variable. Observed changes
in marijuana use resulting from legalization can be assumed to have negative effects on the
people reporting greater use of cannabis on the basis of research on health effects of
cannabis use, regardless of whether ecological studies have been able to demonstrate policy
effects on those health outcomes. Null effects from population studies are particularly
ambiguous to interpret. Studies may be underpowered and they may also fail to account for
important changes coinciding with policy changes. So there may be harms resulting from
legalization that cannot be demonstrated in population-level policy evaluations.

Among the many challenges of this type of research, policy heterogeneity and measurement
of cannabis use are particularly important. Studies of legalization effects on public health
rely heavily on population surveys which typically provide measures of cannabis use that are
limited to age of first use, lifetime prevalence, past-month prevalence, number of days used
in the past month, and prevalence of disordered cannabis use (Geissler et al., 2020;
Guttmannova et al., 2019). Many harms of cannabis use are dependent on the intensity of
THC consumption (National Academies of Sciences, Engineering, and Medicine, Committee
on the Health Effects of Marijuana, 2017). A number of authors have recognized the need
for national surveys to collect data reflecting the amount of cannabis, and ideally, THC
consumed, and they have also made recommendations for how to address the numerous
practical difficulties in doing that (Caulkins et al., 2020; Darnell, 2019; Kilmer & Pacula,
2017). In addition, legalization has been accompanied by rapid changes in the potency of
marijuana, the diversity of forms it is produced in, and the modes of consumption—such
differences in the type of cannabis consumed and how it is consumed also factor into the
intensity of cannabis and THC consumption (Choo & Emery, 2017; Darnell, 2019). The bulk of
studies of legalization effects on cannabis use to date have examined the prevalence of past-
month use, and we remain relatively uninformed about effects of legalization on the amount
consumed. Variables reflecting intensity of cannabis consumption would be valuable
outcomes in studies of policy effects, would be useful for identifying subpopulations with
more harmful versions of use, and would also be useful in individual-level studies examining
outcomes of cannabis use. Limitations of the available data also explain why there are no
findings discussed in this report concerning vaporized consumption of marijuana (i.e.,
vaping). Population surveys have typically not included items addressing vaping or have only
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recently begun to do so. As a result, we found no studies addressing legalization effects on
vaping that met the inclusion criteria.

Another notable limitation of the current research is the diversity of ways marijuana policy
has been represented in outcome analyses. As discussed in the introduction, there are many
differences in the specific provisions of legalization across states, leading to extensive
variation across studies in which features researchers choose to focus on and how they are
measured. This makes it difficult to draw conclusions on effects of specific provisions.
Publicly available marijuana policy databases are a promising development that should
promote consistency in how policies are treated in outcome studies, but these are a recent
development and not used in any of the outcome studies identified in this review. The small
number of states we have to work with presents the need for the identification of sets of
policy features that can be used to divide states into a small number of groups, or the
development of key dimensions of variation, such as restrictiveness of supply, that can be
used to rate marijuana laws. The identification of policy types representing combinations of
policies not only manages division of a smaller number of states, but it also examines effects
of combinations of policy features. Several studies in this review raised the possibility of
interdependent policy effects — either effects of combinations of marijuana policies, such as
combinations of specific provisions, or combinations with other types of laws that may
influence outcomes. The Ozluk (2017) study combined marginal effects of binary MML policy
provisions to identify the effect of particular combinations that exist across the US. Similarly,
the Phillips and Gazmararian (2017) study of opioid mortality found evidence that MML
policy effects were dependent on prescription drug monitoring programs being in place.
These related policies not only need to be accounted for, but they may also generate
interactions with marijuana policies.

Interactions of specific features of marijuana policy have also been discussed by authors who
have considered the interdependence of regulations to protect public health and other
aspects of the overall marijuana policy regime, such as tax and law enforcement policy
(Auriol et al.,, 2019; Rogeberg, 2018). Regulations to protect public health (and other
regulations on cannabis commerce) may restrict the actions of legal cannabis suppliers
which could place them at a competitive disadvantage with illicit suppliers, who are
unregulated. However, if the illicit market has been suppressed by policies that promote law
enforcement and successful competition of legal suppliers, harmful side-effects of public
health regulations on illicit market activity may be avoided. Although the two studies cited
above are theoretical discussions, they point to the desirability of a comprehensive
evaluation of marijuana policy effects that considers the net effect of an overall policy
regime on multiple outcomes.

Returning to the problem of inconsistent treatment of marijuana policy features across
studies, there is plenty of theory about how to regulate cannabis markets in the interest of
public health. This knowledge also provides a solid rationale for how specific policy features
can be expected to influence public health outcomes—our expectations about specific policy
features are not naive. In addition, policy information is publicly available, making it feasible
to obtain the consensus of experts on a fixed classification of states in terms of MML,
NMML, or both, or even a time-varying classification, with associated predictions for effects
on outcomes. Such a classification would ideally be derived empirically to account for the
actual covariation between specific policy features and the group sizes that result from
different approaches to classification. Prior commitments to a classification of states could
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then be tested for effects on outcomes, and ideally multiple outcomes, for stronger tests of
heterogeneous policy effects than are available from the current evidence.

On a related note, there a number of practical details in the treatment of marijuana policies
that differ between studies and that may influence findings. Measurement issues aside,
when specific policy features are accounted for, they are often specified in models
differently. Variables representing specific policy features may be included with indicators of
MML enactment or on their own, they may be estimated as a group or individually, and
studies may or may not omit non-MML states from these analyses. These decisions change
the nature of contrasts that are drawn, and they are often not clearly articulated. In
addition, each approach divides states into groups in a certain way, and variability in the
sample and group sizes that result are often not discussed.

A related issue that will become more important with time is how MML and NMML policies
are treated with respect to each other in a given study. In MML studies, common strategies
include omitting NMML states, or omitting years of outcome data in which NMML has
occurred, or including separate indicators of NMML if data are recent enough. Studies of
NMML differ in how comparison groups are composed, particularly with regard to whether
non-MML states are included in the comparison group, and which MML states are included.
All of these variations may affect results and add to the difficulty of drawing conclusions
across studies. It is particularly informative when studies consider multiple specifications and
relate findings to other studies that have used those specifications.

The diversity in approaches to examining effects of legalization is a by-product of the
profusion of research on the topic. This analysis of challenges and limitations of the current
research is intended to inform future studies on the topic. The body of literature on effects
of both MML and NMML is rapidly evolving and conclusions can be expected to change and
clarify with time.
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