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Abstract

Cannabis is widely used among adolescents and adults. In the U.S., marijuana laws have been 

changing, and Americans increasingly favor legalizing cannabis for medical and recreational uses. 

While some can use cannabis without harm, others experience adverse consequences. The 

objective of this review is to summarize information on the legal status of cannabis, perceptions 

regarding cannabis, prevalence and time trends in use and related adverse consequences, and 

evidence on the relationship of state medical (MML) and recreational (RML) marijuana laws to 

use and attitudes. Twenty-nine states now have MMLs, and eight of these have RMLs. Since the 

early 2000s, adult and adolescent perception of cannabis use as risky has decreased. Over the same 

time, the prevalence of adolescent cannabis use has changed little. However, adult cannabis use, 

disorders, and related consequences have increased. Multiple nationally representative studies 

indicate that MMLs have had little effect on cannabis use among adolescents. However, while 

MML effects have been less studied in adults, available evidence suggests that MMLs increase use 

and cannabis use disorders in adults. While data are not yet available to evaluate the effect of 

RMLs, they are likely to lower price, increase availability, and thereby increase cannabis use. 

More permissive marijuana laws may accomplish social justice aims (e.g., reduce racial disparities 

in law enforcement) and generate tax revenues. However, such laws may increase cannabis-related 

adverse health and psychosocial consequences by increasing the population of users. 

Dissemination of balanced information about the potential health harms of cannabis use is needed.
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1. Introduction

Cannabis (widely called marijuana in the United States) is the most commonly used 

psychoactive substance in the U.S. aside from alcohol and cigarettes. While some 

individuals can use cannabis without harm (Fergusson et al., 2015), potential adverse 

consequences are numerous (Hasin et al., 2016). For example, a withdrawal syndrome (see 

Supplemental Table 1 for symptoms) can occur after regular heavy use is stopped or 

decreased (Budney et al., 2004; Haney et al., 2008; Hasin et al., 2008). Cannabis users can 

also develop cannabis use disorder (CUD), whose criteria, defined in DSM-5 (American 

Psychiatric Association, 2013), are supported by extensive research in adolescents and adults 

in clinical and general population settings (Hasin et al., 2013). (see Supplemental Table 2 for 

list of criteria). Other potential harms from cannabis use include acute psychomotor 

impairments, which can lead to accidents and fatalities when driving (Desrosiers et al., 

2015), with further contributions to fatalities from failure to wear seatbelts and violation of 

traffic laws (Liu et al., 2016). Many studies show that cannabis use is associated with work 

problems, loss of a job, and low income [e.g., (Cerdá et al., 2016; Compton et al., 2014; 

Danielsson et al., 2015; Fergusson and Boden, 2008; Hasin et al., 2016; Henkel, 2011)]. 

Cannabis use may be especially harmful during certain developmental stages, for example 

use during pregnancy may harm the fetus (Calvigioni et al., 2014). When used regularly and 

heavily by adolescents, cannabis may lead to long-term neuropsychological decline and 

impaired intellectual functioning (Meier et al., 2012), perhaps because brain development is 

incomplete before early adulthood and cannabis may affect normative neuromaturation 

occurring in adolescence (Lubman et al., 2015). In addition, cannabis use is related to use of 

other substances, other substance use disorders, and psychiatric comorbidity (Hasin et al., 

2016; Stinson et al., 2006). For these reasons, public health monitoring of cannabis use is 

important.

The societal and legal landscape regarding cannabis has changed considerably over the last 

two decades, and continuing change seems likely. The objective of this review is to 

summarize the current legal status of cannabis; attitudes and perceptions regarding cannabis; 

the epidemiology of cannabis use and some of its adverse consequences; and the evidence 

on the relationship of changing state medical marijuana laws (MML) and recreational 

marijuana laws (RML) to cannabis use and attitudes. We use the formal term “cannabis” 

throughout except when referring to laws, which are commonly referred to as marijuana 

laws in the U.S. We begin with a brief history of the legal status of cannabis cultivation, 

distribution, and use in the U.S. Next, using large nationally representative studies, we 

review the changing perceptions of cannabis use and its riskiness. We then describe evidence 

for the effects ofMMLs on changes in prevalence of use and disorder among both 

adolescents and adults. Finally, we conclude with a summary of current evidence and 

recommendations for public health practitioners, researchers, policy makers, and voters.

2. Methods

Information about the historical legal status of cannabis and attitudes towards use come from 

public records and from scholarly presentations of historical materials. More recent data 

regarding legalization and attitudes come from the public record as well as nationally 
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representative datasets described below. The review of data we present is based on the 

availability of nationally representative estimates of the prevalence of cannabis use, starting 

in 1976 for 12th graders, 1991 for other adolescents and adults, and continuing up to the 

present for all of these age groups (Table 1).

2.1. Major sources of information on U.S. national time trends

Three series of large national surveys contribute important information about time trends in 

cannabis use in the general population. First, Monitoring The Future (MTF) (Survey 

Research Center, 2016) consists of annual surveys of 8th-, 10th, and 12th-grade students. 

Second, the National Survey on Drug Use and Health (NSDUH) (Substance Abuse and 

Mental Health Services Administration, 2014), are annual surveys of household residents 

age 12 and older. Third, the National Institute on Alcohol Abuse and Alcoholism (NIAAA) 

has conducted surveys of adult household residents age 18 and older (National Institute on 

Alcohol Abuse and Alcoholism). The NIAAA surveys include the National Longitudinal 

Alcohol Epidemiology Survey (NLAES, 1991–1992); the 2001–2002 NESARC; a Wave 2 

three-year follow up of the NESARC sample (2004–2005); and the NESARC-III (2012 — 

2013), a survey of a new sample of participants. Collectively, these three national data 

sources all cover drug and alcohol use, attitudes and risk perceptions associated with 

different drugs, and substance use disorders as defined by DSM- IV and DSM-5. Additional 

(Grant et al., 2015; Hasin et al., 2015a) detail about these surveys is summarized in Table 1. 

While the specific survey questions about perceptions of cannabis, respondent use of 

cannabis, and diagnostic criteria for CUD vary somewhat, as noted in tables, figures, and 

text, all surveys use the same DSM-IV diagnostic criteria for CUD for adolescents and 

adults because psychometric studies show that the structure and functioning of symptoms 

are similar in both groups, even though mean rates of symptoms are lower in adolescents 

(Hasin et al., 2013).

3. Results

3.1. Marijuana legalization

3.1.1. Federal position—During the 1800s and the early 1900s, U.S. physicians and 

pharmacists dispensed cannabis for various medical purposes. In 1937, the Federal 

Marijuana Tax Act was passed, consistent with the prohibitionist times (McKenna, 2014). 

This act did not legally prohibit medical distribution of cannabis, but made physician 

reporting requirements so burdensome that they effectively discouraged this practice. In the 

Federal Controlled Substance Act of 1970 (Pacula et al., 2002), the Federal Drug 

Enforcement Agency defined cannabis as a “Schedule 1” substance, i.e., no accepted 

medical use and high risk of addiction. This law made medical and recreational cannabis use 

illegal. Despite the Federal stance against medical marijuana, Americans have long favored 

its use for medical purposes (Eddy, 2010).

3.1.2. State medical marijuana laws—Since California passed the first state law 

permitting cannabis use for medical purposes in 1996 (ProCon.org, 2016), an increasing 

number of states have laws in conflict with the Federal position. At present, 28 additional 

states have passed MML, albeit with considerable state-to-state variation in the specific 
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provisions of the laws (Pacula et al., 2015). In 2009, the US Attorney General announced 

new guidelines for federal prosecutors in MML states (the “Ogden memo”), instructing them 

not to prosecute individuals fully compliant with state MML (Ogden, 2009). The Ogden 

memo gave states flexibility in their implementation of MML, leading to increased 

dispensaries and registered users, particularly in Colorado (Davis et al., 2016; Hasin et al., 

2017d; Salomonsen-Sautel et al., 2014; Schuermeyer et al., 2014) and California (Hasin et 

al., 2017d).

3.1.3. State recreational marijuana laws—Since the 1970s, states have varied in 

their penalties for recreational marijuana. The effects of these state laws are unclear, with 

most adults not knowing the provisions of their own state law (MacCoun et al., 2009). What 

is clearer is that laws criminalizing marijuana have been widely applied to low-level 

possession charges, with sharply disproportionate arrest rates among Blacks and other 

minorities (King and Mauer, 2006). A major shift in state law occurred in 2012, when 

Colorado and Washington State passed laws permitting adult recreational cannabis use (i.e., 

recreational marijuana laws, or RML). Since then, six additional states and the District of 

Columbia have passed RML. As more states consider legalizing medical or recreational use, 

understanding the relationship between marijuana laws, cannabis use, and associated 

consequences is of interest to epidemiologists, addiction researchers, policymakers, and 

voters.

3.2. Attitudes towards cannabis: acceptability and perceptions of harmfulness

3.2.1. Earlier cultural attitudes as reflected in historical sources, the media 
and laws—During the early 1900s, when prohibitionist attitudes towards substances gained 

ascendance, cannabis came to be seen as a highly dangerous drug, typified by the 1930s 

movie entitled, “Reefer Madness” (Schlosser, 1994) and an article in the 1936 American 

Journal of Nursing characterizing those intoxicated with cannabis as individuals who “would 

suddenly turn with murderous violence upon whomever is nearest...run amuck with knife, 

axe, gun, or anything else...” (Musto, 1991). In the 1960s and 1970s, cannabis use became 

more acceptable among young White adults, who overwhelmed the legal system as arrestees 

in the late 1960s and 1970s until marijuana felony penalties were relaxed (Aldrich and 

Mikuriya, 1988; Brownell, 1988). A reaction against widespread use was typified in the 

1980s by First Lady Nancy Reagan’s “Just Say No” public campaign (Bellum, 2011).

Since then, U.S. attitudes towards cannabis have become more accepting. Beginning in the 

early 1970s, when polling first tracked national opinion about cannabis, the percent of U.S. 

adults favoring legal recreational use has steadily increased, reaching a majority in 2011 and 

now at 60% (Gallup, 2016). If medical marijuana laws reflect general attitudes towards 

cannabis, then these laws also represent increasingly permissive attitudes, as do the eight 

state legalizations of recreational marijuana use since 2012.

3.2.2 Information on public attitudes from U.S. national surveys—Perceptions 

of cannabis use are measured in U.S. national surveys (e.g., MTF, NSDUH). In NSDUH, 

perceived harmfulness of regular cannabis use is measured with the question: “How much 

do people risk harming themselves physically and in other ways when they smoke marijuana 
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once or twice a week?” Response options included ‘no risk’, ‘slight risk’, ‘moderate risk’, 

and ‘great risk’. In MTF, perceived harmfulness of regular cannabis use is measured with the 

question: “How much do you think people risk harming themselves (physically or in other 

ways), if they smoke marijuana regularly?” Response options similarly included ‘no risk’, 

‘slight risk’, ‘moderate risk’, and ‘great risk’, and ‘can’t say, drug unfamiliar’.

Data from these surveys clearly indicate that among adolescents, perceptions of cannabis use 

in the U.S. are becoming more positive (Fig. 1). Among MTF participants, adolescents 

seeing moderate or great risk in occasional use decreased substantially between 1991 and 

2015, from 84.0% to 53.8% (Keyes et al., 2016). Similar trends were found in the NSDUH 

surveys. Since 2002, perceived harmfulness ofcan-nabis use declined among those aged 12–

17 (Azofeifa et al., 2016; Pacek et al., 2015), and by 2014, more than half of all 12th graders 

perceived no or slight harm in using cannabis once or twice a week (Sarvet et al., 2017). An 

exception to these trends is the finding that perceived harmfulness of cannabis use increased 
among 8th graders in states with medical marijuana laws after passage of MML, compared 

to 8th graders in states without marijuana laws (Keyes et al., 2016).

Among U.S. adults, NSDUH data also show a decrease in perceived harmfulness of 

cannabis since 2002 (Fig. 2; Azofeifa et al., 2016; Compton et al., 2016; Pacek et al., 2015). 

Between 2002 and 2014, the prevalence of perceived great risk in cannabis use decreased 

from 50.4% to 33.3%, while the prevalence of perceiving no risk increased from 5.6% to 

15.1% (Compton et al., 2016). The greatest decrease occurred since 2007 (Compton et al., 

2016; Pacek et al., 2015). Among adults, younger age groups are consistently less likely to 

perceive great risk from regular cannabis use. In NSDUH surveys, prevalence of perceived 

risk decreased for all age groups between 2002 and 2012 (Pacek et al., 2015). Perceptions of 

risk also decreased within other demographic groups. For example, the prevalence of 

perceived great risk of regular cannabis use decreased from 58.8% in 2002 to 46.7% in 2012 

among women, and from 43.2% in 2002 to 33.5% in 2012 among men (Pacek et al., 2015), 

and decreased by 11.8% among Whites and His-panics, and 11.5% among Blacks (Pacek et 

al., 2015). After adjusting for sociodemographic characteristics and cannabis use, 

characteristics associated with perceiving cannabis use as less risky included high school or 

greater education, greater household income (i.e., >$75,000), younger age, and being male 

and non-Hispanic White (Pacek et al., 2015). Given the inverse relationship often found 

between perceived harmfulness and actual cannabis use (Compton et al., 2016; Keyes et al., 

2016), trends in perceptions of risk are seen as important bellwethers of trends in actual use.

3.3 Epidemiology of cannabis use and cannabis use disorder, and relationship to 
cannabis legalization

3.3.1. Adolescents

3.3.1.1. Overall trends.: Adolescent cannabis use has fluctuated over time. In MTF 12th 

graders, the prevalence of past-year use reached an all-time peak of just over 50% in 1979, 

an all-time low of 22% in 1992, and was 36% in 2016 (Survey Research Center, 2016). 

Similarly, when including 8th, 10th, and 12th graders together in the MTF surveys the 

prevalence of past-year use ranged between 30 and 40% since the mid-1990s (Fig. 1). In 

NSDUH, which provides consistently-measured data since 2002, adolescent prevalence of 
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past-month use was highest, 8.2%, in 2002, decreasing to 7.0% in 2015 (Center for 

Behavioral Health Statistics and Quality, 2016). Prevalence of past-year use ranged between 

12% and 16% for 12–17 year olds between 2002 and 2014 (Fig. 1).

3.3.1.2. Demographic characteristics.: The prevalence of cannabis use increases with age 

among adolescents, as shown in the MTF participants (Survey Research Center, 2016). Time 

trends across grades are generally consistent, with an exception that since 2013, 8th and 10th 

grade prevalence decreased, while 12th grade prevalence increased slightly. Male 12th 

graders consistently have higher prevalence than females (Lanza et al., 2015). Earlier, rates 

of cannabis use differed consistently between White and Black 12th graders, with Whites 

having higher prevalence from 1976 to about 2005. Subsequently, rates increased sharply 

among Black 12th graders, narrowing the Black-White difference by 2013 (Lanza et al., 

2015).

Among 12–17 year old NSDUH participants since 2002, the prevalence of cannabis use has 

ranged between 11% and 15% among females and males, with evidence of an increasing 

gender gap over time (Pacek et al., 2015). Daily use is more common among males and has 

remained relatively constant in both genders over time (Azofeifa et al., 2016; Pacek et al., 

2015). In 2002, the prevalence of non-daily cannabis use was higher among Whites, 

compared to Blacks and Hispanics, however this difference narrowed or reversed by 2012. In 

contrast, prevalence of daily use remained higher among Whites throughout this same time 

span (Pacek et al., 2015).

3.3.1.3. Medical marijuana laws and adolescent cannabis use.: Determining a causal 

effect of state-level marijuana legalization on cannabis use is challenging because MMLs are 

not randomly assigned to states. An early study showed that teen cannabis use was higher in 

MML than non-MML states (Wall et al., 2011), but as pointed out by the authors, cannabis 

use may have been higher in those states even before the MML were passed (Wall et al., 

2011). Since then, studies have used statistical methodology to address the causality of 

MML by comparing changes in states before and after MML passage to contemporaneous 

changes in states that did not pass MML. This methodology is known as the difference-in-

differences (DiD) approach (Angrist and Pischke, 2008; Hunt and Miles, 2015; Imbens and 

Wooldridge, 2009), which provides evidence on causality if its assumptions are met.

Four U.S. nationally representative datasets have been used by researchers to investigate the 

relationship of MMLs to changes in prevalence of adolescent cannabis use with DiD 

approaches, including the MTF and NSDUH surveys. Data also came from the National 

Longitudinal Surveys of Youth (NLSY) and the Youth Risk Behavior Surveys (YRBS). The 

former represents a specific cohort of over 40,000 12–20 year olds studied longitudinally by 

the U.S. Bureau of Labor Statistics, starting in 1997. The latter are biennial surveys 

conducted by the Centers for Disease Control and Prevention in association with state and 

local agencies, comprising 3.8 million high school students surveyed since 1991. Additional 

details on the surveys can be found in Table 2.

Virtually all studies based on these four surveys suggest no effect of MMLs on prevalence of 

adolescent use (Table 2). Collectively, these studies included millions of participants, and 
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data from the years 1991–2014. The only study to find a slight increase in use used incorrect 

statistical methodology (Stolzenberg et al., 2016; Wall et al., 2016). One study found a slight 

but significant decrease in cannabis use following passage of MMLs (Johnson et al., 2017).

In the largest study of adolescents, we used DiD methods to analyze over one million MTF 

adolescents (Hasin et al., 2015c). The study showed that since 1991, rates of adolescent 

cannabis use were higher in MML-than non-MML states prior to law passage. However, 

importantly, no post-MML increases were observed in MML states, either in the primary 

analyses or in over fifty sensitivity analyses. These sensitivity analyses included, for 

example, indicators of whether MML states had provisions for dispensaries, and varying 

time lags. In fact, stratifying participants by grade, 8th graders decreased cannabis use post-

MML, a result that was also robust in many sensitivity analyses.

3.3.1.4. Recreational marijuana laws.: Very little is known about the relationship of 

recreational marijuana laws to adolescent cannabis use. Using MTF data and DiD tests to 

compare Washington and Colorado pre- and post-RML to other MML and non-MML states 

(Cerda et al., 2017), cannabis use increased post-RML in adolescents in Washington but not 

Colorado, so a consistent picture has not emerged. Further studies of the relationship of 

RML to adolescent cannabis use will be important when more information becomes 

available.

3.3.2 Adults

3.3.2.1. Overall trends.: Among adults, the main sources of time trend information in the 

general population are the NSDUH and NIAAA surveys (Table 2). The NIAAA surveys 

show that past-year cannabis use was fairly stable at about 4% in 1991–1992 and 2001–2002 

(Compton et al., 2004), but increased to 9.5% by 2012–2013 (Hasin et al., 2015b). Further, 

significant increases in past-year use and CUD were found in virtually all population 

subgroups (e.g., gender, age, income) in NESARC-III (Hasin et al., 2015b). In the NSDUH 

surveys, prevalence of past-year use also increased between 2002 and 2014, as did mean 

days of use/ year and daily/near-daily use (Fig. 2). However, in NSDUH, the prevalence of 

past-year cannabis use disorder changed little between 2002 and 2014, remaining at about 

1.5% (Compton et al., 2016).

3.3.2.2. Demographic characteristics

3.3.2.2.1. Age.: In NESARC and NESARC-III, past-year cannabis use and CUD were 

most prevalent among young adults age 18–29, and the prevalence of past-year cannabis use 

increased significantly in all age groups over time (Hasin et al., 2015c). Further, younger 

adults increased past- year use at significantly greater rates than those in older age groups 

(Mauro et al., 2017). In NSDUH between 2002 and 2012, rates of past- year non-daily 

cannabis use were highest among male and female adults aged 18–25 (about 27% and 25%), 

but appeared descriptively to increase at greater rates among adults age 26–49 and 50 + 

since 2007 (Pacek et al., 2015), with a significant narrowing of the difference in ages 

between younger and older adult NSDUH participants since 2007 (Mauro et al., 2017). 

Daily cannabis use increased at similar rates across NSDUH participants in all adult age 

groups since 2007 (Mauro et al., 2017).
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3.3.2.2.2. Gender.: Earlier data on adult trends in cannabis use by gender came from a 

series of smaller national surveys, the National Alcohol Surveys conducted in 1984, 

1990,1995, and 2000 (Kerr et al., 2007). Over these years, the prevalence of cannabis use 

declined, particularly among men, suggesting that the historically higher prevalence of 

cannabis use in men was narrowing (Kerr et al., 2007), consistent with a contemporaneous 

narrowing of the gender gap in the prevalence of heavy drinking and alcohol problems 

(Keyes et al., 2008; Keyes et al., 2011). However, more recent data indicate that narrowing 

of the gender gap did not continue, and even reversed. Comparing NESARC to NESARC- 

III, both past-year cannabis use and CUD increased among both men and women, but the 

rates were significantly greater among men (Hasin et al., 2017c; Hasin et al., 2015c).

NSDUH data between 2002 and 2014 also indicated widening rather than narrowing of 

gender difference in cannabis use (Carliner et al., 2017). Up to 2007, the gender difference 

in prevalence of past-year cannabis use remained fairly constant, around 13% in men and 

7% in women. However, starting in 2007, men began a significantly faster rate of increase 

(4.4%) than women (2.7%). Further examination by income indicated that this widening 

gender difference was concentrated among participants living in low-income households 

(Carliner et al., 2017).

Cannabis use among pregnant women can be seen as a gender-related issue, even if it does 

not involve direct comparisons of men and women. While evidence on the effects of prenatal 

cannabis exposure is still developing (Volkow et al., 2016), human and animal studies 

suggest that such exposure may be associated with numerous negative fetal and child health 

outcomes, e.g., deficits in fetal growth, neurodevelopment, and birthweight (Calvigioni et 

al., 2014). Therefore, the American College of Obstetricians and Gynecologists recommends 

that pregnant women and women contemplating pregnancy refrain from cannabis use 

(American College of Obstetricians and Gynecologists Committee on Obstetric Practice, 

2015). Nevertheless, cannabis use has increased among pregnant women and non-pregnant 

women of reproductive age at similar rates (Brown et al., 2017). From 2002 to 2014, past 

month cannabis use increased 62% among pregnant women, and 47% among non-pregnant 

reproductive age women, with prevalences highest among women 18–25 years old (Brown 

et al., 2017). Other vulnerable pregnant women include those who are unmarried and/or with 

low incomes (Ko et al., 2015).

3.3.2.2.3. Race/ethnicity.: Increases in past-year cannabis use and cannabis use disorder 

occurred within race/ethnic groups in NESARC surveys (Hasin et al., 2015c). In NSDUH, 

no race/ethnic increases were found between 2002 and 2007 (Shmulewitz et al., 2016). 

However, between 2007 and 2014, Whites increased their prevalence of past-year cannabis 

use at a significantly greater rate than Blacks or Hispanics (Shmulewitz et al., 2016).

3.3.2.2.4. Income.: Past-year cannabis use and cannabis use disorder increased 

significantly for adults at all income levels between NESARC Wave 1 and NESARC-III 

(Hasin et al., 2015c). However, those with the lowest incomes had the highest risk and the 

greatest rates of increase in past-year cannabis use and disorder (Hasin et al., 2017c). In 

NSDUH, past-year cannabis use increased among men and women at all income levels 

between 2007 and 2014 (Carliner et al., 2017). Among adults with annual household 
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incomes <$50,000, these increases were greater among men than among women. Similar 

trends were found among both daily (>300 days/year) and non-daily past- year cannabis 

users (Carliner et al., 2017).

3.3.2.2.5. Additional sources of information on time trends in cannabis- related 
outcomes.: Over the last 15 years, numerous additional studies provided information on time 

trends in cannabis use disorder and other adverse cannabis outcomes (Table 3). Between 

2004 and 2011, cannabis-related emergency department visits increased by 62% annually 

(Zhu and Wu, 2016). A 27-year series of over 190,300 gastroenterology patients also 

indicated significant increases in CUD and emergency department visits (Gubatan et al., 

2016). A study of national inpatient hospital records from 2002 to 2011 indicated increases 

in hospital admissions in which patients received ICD-9 diagnoses of cannabis use disorder 

(abuse or dependence) (Charilaou et al., 2017). An additional study of national hospital 

record discharge diagnoses from 1997 to 2014 also showed substantial increases in ICD-9 

diagnoses of cannabis use disorders over this longer period of time, but reductions in opioid-

related hospitalizations and overdose related to MMLs (Shi, 2017). Using national Veterans 

Health Administration medical records, the prevalence of CUD increased over 50% between 

2002 and 2009 (Bonn-Miller et al., 2012). Data from a multi-state traffic fatality registry 

show that the presence of cannabis metabolites in the blood of fatal accident drivers almost 

tripled between 1999 and 2010 (Brady and Li, 2014). Finally, the prevalence of cannabis in 

the blood or tissues of fatally injured pilots also increased between 1990 and 2012, primarily 

in the last 10 years of this period (McKay and Groff, 2016).

3.3.2.2.6. Marijuana laws and adult cannabis use.: Compared to the literature on 

adolescents, fewer studies have been conducted on the relationship between medical 

marijuana laws and cannabis use and cannabis use disorder in adults. Similar to studies in 

adolescents, cross-sectional studies of adults find higher rates of cannabis use and disorder 

in states with MMLs compared to non-MML states (Cerdá et al., 2012). A rigorous study of 

adults that used individual-level NSDUH data from 2004 to 2012, DiD methods, and 

controlled for both individual and state-level factors (Wen et al., 2015), observed increases 

in cannabis use, frequent cannabis use and CUD in MML states following MML passage, 

relative to contemporaneous national trends in non-MML states (Wen et al., 2015). A similar 

study with NSDUH data replicated findings for post-MML increases in past-month cannabis 

use among adults 26 or older (Martins et al., 2016). While these NSDUH studies are 

important, they provide information only about states passing MMLs after 2002, precluding 

consideration of differences in effects between early-MML and late-MML states.

A study analyzing the NIAAA surveys (1991–1992 NLAES, 2001–2002 NESARC, and 

2012–2013 NESARC-III) was able to examine MML effects from a period that pre-dated 

any MMLs (Hasin et al., 2017d). Overall, between 1991–1992 and 2012–2013, illicit 

cannabis use and cannabis use disorder increased significantly more in states that passed 

MML than in other states. Between 1991–1992 to 2001–2002, illicit cannabis use and 

cannabis use disorder increased in states passing MMLs relative to non-MML states, with 

the exception of California, a highuse state even before any MML was passed. More recently 

(2001–2002 to 2012–2013), cannabis use and disorders increased in late- MML states, and 
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in California and Colorado, relative to non-MML states. One possible explanation of the 

lagged increases in California and Colorado is the rapid proliferation of cannabis 

dispensaries that occurred after a Department of Justice 2009 policy change (Ogden, 2009) 

that placed low priority on federal prosecution of cannabis offences among those fully 

complying with state medical marijuana laws (Davis et al., 2016; Freisthler and Gruenewald, 

2014; Salomonsen-Sautel et al., 2014; Schuermeyer et al., 2014). Recent additional analyses 

of these data indicate a similar set of relationships between MML and driving under the 

influence of cannabis (Hasin et al., 2017a), and with cannabis withdrawal, and daily-near-

daily use of cannabis (Hasin et al., 2017b).

An additional study by Chu (2014), used alternative data not based on survey self-reports to 

investigate the relationship of MMLs to changes in prevalence of cannabis-related indicators 

via DiD tests. The outcomes were arrests for cannabis possession and cannabis-specific 

treatment admissions, both associated with heavy cannabis use. Each of these indicators 

showed post-MML increases, suggesting an association of MMLs in the prevalence of heavy 

cannabis use (Chu, 2014). A study of hospital discharge records in 27 states found that 

MMLs were associated with significant reductions in hospitalizations for opioid use 

disorders and overdose, but no change in cannabis-related hospitalizations (Shi, 2017).

No study has yet addressed the relationship of RMLs and adult cannabis outcomes.

4. Discussion

The sociocultural and legal landscape regarding cannabis is changing, as illustrated by 

public opinion polls, the many states that have passed medical marijuana laws, and the 

growing majority of Americans who favor use of cannabis for medical purposes. Consistent 

with these trends, a growing majority of adults and adolescents now also see cannabis use as 

posing very little or no risk for harm. Despite these views, cannabis use, particularly regular 

and heavy use, poses a number of risks. These include potential harms to a developing fetus, 

alterations to neurodevelopment when used early in adolescence, risks for a withdrawal 

syndrome and for cannabis use disorder, accidents and fatalities, and impairment in many 

social domains, including education and employment.

Among adults, cannabis use has increased considerably over the last 15 years, as have 

adverse health consequences of use, including cannabis use disorders, fatal crashes, and 

emergency department visits. Available studies suggest that medical marijuana laws have 

played a role in these increases. However, the prevalence of cannabis use has not changed 

markedly among adolescents, except for a possible slight decrease among younger teens, 

and many studies suggest that MMLs are unrelated to increases in adolescent cannabis use. 

The current data are insufficient to determine the effect of recreational legalization in either 

adolescents or adults.

As more states consider legalizing medical or recreational use ofcan- nabis, determining the 

effects of such laws on usage patterns and related outcomes have become an important 

public health priority. However, determining the causal effect of MLs has been challenging 

for several reasons. MMLs are not ‘natural experiments’, since these laws are not randomly 
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assigned, and states that pass MML may differ from non-MML states in many ways. Thus, 

statistical methods (e.g. DiD testing) must be used to infer causal effects of marijuana laws, 

which depend on meeting model assumptions (e.g., that the prevalence of cannabis use was 

not already increasing in MML states before they passed MML), and using correct modeling 

specifications. Second, states differ in how they pass MMLs, with some using ballot 

measures and others using bills in the state legislature, and in what provisions they include. 

Variation in specific laws include the number and type of medical conditions eligible for a 

physician’s recommendation, whether patient registration is required, whether home 

cultivation is permitted, whether dispensaries are permitted, and the amount of cannabis 

allowed for purchase and possession (Bestrashniy and Winters, 2015; Pacula et al., 2013; 

Pacula et al., 2015). These factors may have important implications about public perception 

of cannabis use, public knowledge of the laws, and in the size and scope of the legal 

marijuana markets in these states. Third, the effect of public policy on health behaviors may 

not be immediate, so datasets and analyses should provide for the ability to analyze lagged 

effects. Variations in recreational marijuana laws will require study as well.

Concerns about adolescents were raised soon after California passed the first state MML 

(United States Congress; House Committee on the Judiciary; Subcommittee on Crime, 

1997). Experts feared that MMLs would “send the wrong message” to teenagers, causing 

them to increase cannabis use (Annas, 1997). However, the prevalence of adolescent 

cannabis use has been fairly stable for the last few years, e.g., about one- third of high 

school seniors. Therefore, concerns about the potential for medical marijuana laws to 

increase teen use of cannabis appear not to have materialized, as shown in many studies 

using national data and statistically sophisticated before- and after-MML designs.

Possible explanations for the lack of post-MML increases in adolescent cannabis use are that 

MML are not salient to the interests of adolescents, or that such laws create a mental 

association between unpleasant-sounding medical problems (e.g., pain, nausea) and 

cannabis, discouraging use among the youngest adolescents who have not yet formed their 

attitudes towards cannabis. In addition, many adolescents do not appear to be aware of their 

state laws regarding cannabis use (Mauro et al., 2016), so that passage of MMLs would not 

change their behavior. However, given the rapidly changing social and legal context, these 

trends should continue to be monitored, as they may change in the future. Additionally, if 

large-scale studies could be conducted using repeated measures within individuals before 

and after passage of MML, this could provide a different perspective on MML impact, as 

could studies examining additional variations in state MML or different aspects of MML 

implementation (Pacula et al., 2013; Pacula et al., 2015).

Among adults, cannabis use is generally increasing, and increased prevalence of cannabis 

use over time has also been observed among diverse sociodemographic groups. 

Understanding these secular trends in population subgroups is an important first step in 

determining the effect of changing perceptions and legalization status on incidence and 

prevalence of use.

The reasons that NSDUH and NESARC were consistent in showing increased cannabis use 

but inconsistent regarding cannabis use disorder (Compton et al., 2016; Hasin and Grant, 
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2016) are unknown. Some questions have been raised about the measure ofcannabis use 

disorders in the NSDUH, given its inconsistencies with other indicators of time trends in 

serious cannabis-related conditions. Increases in CUD and daily-near daily use found in 

NESARC are consistent with the several other studies showing increases in serious cannabis 

problems (Hasin and Grant, 2016), including cannabis involvement in fatal crashes, 

increasing prevalence of CUD in large patient databases, and increases in cannabis-related 

emergency department visits. The consistency of these trends with the increases in CUD 

shown by Hasin et al. (2016) suggest that the findings on increases in CUD as shown in the 

NIAAA surveys are valid (Hasin and Grant, 2016).

Many states have legalized cannabis use for medicinal purposes. While the federal Food and 

Drug Administration (FDA) is responsible for approving medications for U.S. markets based 

on rigorous safety and efficacy tests, this regulatory framework could not be applied to 

cannabis, due to its classification as a controlled substance. This restriction has posed 

challenges to the scientific study of compounds in smoked cannabis, precluding rigorous 

studies of how changes in potency of various components of cannabis may affect use, 

disorder, and related harms. Much remains to be learned in this area.

The three available studies comparing adult prevalence of cannabis use and cannabis use 

disorders before and after passage ofmedical marijuana laws (Hasin et al., 2017d; Martins et 

al., 2016; Wen et al., 2015) are consistent in suggesting a causal relationship between the 

passage of medical marijuana laws and subsequent increases in adult cannabis use and 

cannabis use disorders. Much more remains to be learned about the relationship of medical 

and recreational marijuana laws to adult health outcomes, including effects on additional 

cannabis-related outcomes, further studies ofvariations between the marijuana laws and 

whether these affect results, effects of marijuana laws on other substance outcomes, and on 

indicators of treatment for psychiatric disorders and pain.

5. Conclusions

Though U.S. federal law prohibits cannabis use, such use is not rare. The prevalence of 

cannabis use is increasing, as are many cannabis-related harms. At the same time, the public 

increasingly sees cannabis as a harmless drug. Given that, public and professional education 

that conveys information about the potential harms from the use ofcannabis appears needed. 

Such information should avoid the exaggerated scare tactics of earlier decades [e.g., Reefer 

Madness (Annas, 1997), Your- Brain-On-Drugs (White, 2016)]. Instead, the development of 

more effective ways to disseminate balanced information on cannabis is needed. At the same 

time, while changing marijuana laws do not appear to be leading to increases in adolescent 

cannabis use, the picture is different among adults. The increases in adult cannabis use and 

potential consequences associated with MML shown to date indicate the importance of 

further studies to replicate and better understand existing results, and to continue monitoring 

these trends. In addition, no information is yet available on the relationship of recreational 

marijuana laws to changes in the prevalence of adult cannabis use and consequences. 

Recreational laws may further increase cannabis use and cannabis-related problems in health 

and functioning because they are likely to reduce price (Caulkins et al., 2012; Hall and 

Lynskey, 2016), may place profit motives over public health issues (Pacula et al., 2014; 
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Room, 2014), and in any case, will offer opportunities for legal use to a broader population 

by eliminating the need for a medical approval for purchase. The passage of recreational 

marijuana laws offers an important social justice benefit (Jensen and Roussell, 2016; Kilmer, 

2017; McGinty et al., 2017) by removing some mechanisms for unfair and damaging racial 

disparities in enforcement (Golub et al., 2007). Recreational marijuana laws can also save 

public money spent on law enforcement and the judicial system (Aldrich and Mikuriya, 

1988), and increase revenues to state and local governments through taxation. However, a 

public health trade-off may occur if more widespread cannabis use occurs, since some of it 

is likely to be accompanied by the health and psychosocial harms that occur among some 

users (Hall, 2017; Lynskey and Hall, 2016; Pacula, 2010; Volkow et al., 2014). Designing 

and implementing public policies that protect public health, and educating the public about 

potential consequences will be important in minimizing harms from these changing laws.
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Fig. 1. 
Trends in adolescent past-year marijuana use and marijuana risk perceptions.1 perceive 

moderate or great risk of harm in smoking marijuana “once or twice a week” (NSDUH) or 

“regularly“ (MTF).
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Fig. 2. 
Trends in adult (18+) past-year marijuana use and marijuana risk perceptions.1
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Table 2:

Studies assessing the effect of cannabis legalization on perception of risk and past-month cannabis use.

Study Main
sample size

# of MML 
states
included with 
pre-post
data

Years Pre-post MML change in past-month cannabis use 
within MML states

Age (if
applicable)

#of
participants

Odds Ratio [OR] or Prevalence
Difference [PD] (95% CI)

Overall finding: + 
indicates a statistically 
significant
increase; — indicates 
a statistically 
significant decrease

Adolescents

 Cannabis use prevalence (past-month)

  MTF
(13–18)

a 1,098,270 21 1991–2014 OR = 0.92 (0.82,1.04) n.s.

(13–18)
a 973,089 21 1992–2014 OR = 0.95 (0.86,1.04) n.s.

  NLSY 12–19
40,986

b 6 1997–2003 PD = −0.4 (−4.71,3.91) n.s.

12–20
46,375

b 7 1997–2005 PD = +0.5 (−1.46, 2.46) n.s.

12–20
46,321

b 7 1997–2005 PD = +0.4 (−1.56, 2.36) n.s.

  NSDUH 12–20 ~256,000 8 + D.C. 2004–2012 PD = +1.38 (−1.95,4.71) n.s.

12–20 ~183,600 6 + D.C. 2004–2011 PD = −0.62 (−1.56, 0.32) n.s.

12–20 ~269,500 9 + D.C. 2004–2012 PD = −0.43 (−1.37, 0.51) n.s.

12–17
~175,000

c 10 2004–2013 OR = 1.03 (0.97,1.09) n.s.

12–17
250

d 8 2002–2011
PD = +0.86 (0.27,1.45)

e +

12–18
250

d 8 2002–2011 PD = +0.43 (−0.12, 0.98) n.s.

12–17
539

d 12 + D.C. 2002–2013 PD = −0.12 (− 0.88, 0.64) n.s.

  YRBS
~16

f 846,928 16 + D.C. 1993–2011 PD = −0.7 (−2.86,1.46) n.s.

~16
f

NA
g 5 1991–2011 PD = +0.7 (−0.7, +2.0) n.s.

~16
f 715,014 12 1991–2011 OR = 0.93 (0.86, 0.99) —

NA NA; 11 1991–2011 PD = −1.0 (− 7.47, 5.47) n.s.

state-level

 Perceived riskiness of cannabis

  MTF
(13–18)

a 973,089 21 1992–2014
OR = 1.03 (0.93,1.15)

h n.s.

  NSDUH 12–14 ~111,100 10 2004–2013
OR = 1.03 (0.90,1.17)

i n.s.

years

15–17 ~114,000
OR = 0.99 (0.92,1.06)

i n.s.

years

18–25 ~225,200
OR = 1.03 (0.98,1.07)

j n.s.

years

Adults
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Study Main
sample size

# of MML 
states
included with 
pre-post
data

Years Pre-post MML change in past-month cannabis use 
within MML states

Age (if
applicable)

#of
participants

Odds Ratio [OR] or Prevalence
Difference [PD] (95% CI)

Overall finding: + 
indicates a statistically 
significant
increase; — indicates 
a statistically 
significant decrease

 Cannabis use prevalence (past-month)

  NSDUH 21 + years ~269,500 9 + D.C. 2004–2012 PD = +1.32 (0.18, 2.46) +

18–25 ~175,000 10 2004–2013 OR = 0.97 (0.93,1.02) n.s.

years

26 + years ~188,000 OR =1.24 (1.16,1.31) +

  NIAAA 18+ years 118,497 15 1991–2012
PD = +1.43 (0.49, 2.37)

k +

 surveys

 Perceived riskiness of cannabis

  NSDUH 18–25
357

d 6 + D.C. 2002–2009 PD = −0.09 (−1.2,1.0) n.s.

years

26+ years PD = +0.23 (−1.4,1.9)
n.s.

j,k

a
Some respondents are older than 18 or younger than 13 in MTF sample, but ages were censored for these groups in analytic files.

b
Person years.

c
Sample N not provided in manuscript. Approximate N is provided based on approximate sample sizes of included states ([17,500 * (all 50 states)] 

* 10 years = 131,850).

d
Analyses performed on statewide aggregated data.

e
Estimand provided in study comes from model that does not control for pre-law differences in adolescent cannabis use between MML and non-

MML states all [Stolzenberg], and therefore includes both the pre-law difference between MML and non-MML states and the pre-post change in 
adolescent cannabis within MML states.

f
Age range of overall sample not reported. Mean age estimated based on reported mean age of sample in MML (16.0) and non-MML states (16.2) 

within National YRBS sample.

g
Unweighted sample size not reported in manuscript.

h
Great or moderate perceived risk of smoking cannabis occasionally.

i
Not a great perceived risk of smoking cannabis weekly.

j
Great perceived risk of smoking cannabis monthly.

k
Past-year cannabis use.
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Table 3

Additional sources of information on time trends in cannabis-related outcomes.

Authors Outcome Data source Time
period

Sample size Age
range

Results

Zhu and 
Wu (2016)

Cannabis-related 
emergency
department (ED) visits

United States Drug 
Abuse
Warning Network

2004–2011 2,823,321
ED visits

≥ 12
years
old

1ncrease in rate 
ofcannabis-only-related 
ED visits,
especially among 
adolescents.

1ncrease in rate 
ofcannabis-polydrug-
related ED visits.

Gubatan et 
al. (2016)

1CD-9 cannabis use 
disorder (abuse or 
dependence, emergency 
department (ED) visits)

Massachusetts 
General Hospital 
gastroenterology 
clinic patients

1986–2013 190,303 Mean
age = 47

Prevalence of cannabis 
use disorders increased 
over time, which was 
associated with 
increases in ED visits.

Brady and 
Li (2014)

Traffic fatalities Fatality Analysis 
Reporting System 
(California, Hawaii, 
1llinois, New 
Hampshire, Rhode 
Island, and West 
Virginia)

1999–2010 23,591 Not
reported

Prevalence of 
cannabinol in the blood 
of fatally injured 
drivers increased over 
the study period.

McKay and 
Groff 
(2016)

Fatal airplane crashes Federal Aviation 
Administration’s 
Civil Aerospace 
Medical 1nstitute 
toxicology database
National 
Transportation 
Safety Board’s 
aviation accident 
database

1990–2012 6677 pilots Mean
age = 50

The prevalence of 
marijuana in the blood 
or tissues of fatally 
injured pilots increased 
over the study period.

Bonn-
Miller et al. 
(2012)

1CD-9-CM cannabis use
disorders

Veterans Health 
Administration
national database

2002,
2008, and 2009

2002
(289,904)

Mean
age = 53–54

Prevalence of cannabis 
use disorders increased 
over
the study period. 
Results suggested that 
this occurred more in 
states with medical 
marijuana laws 
(wheremedical use 
ofmarijuana was legal).

2008
(403,117)

2009
(448,669)

Charilaou 
et al. 
(2017)

1CD-9-CM cannabis use
disorders

U.S. National 
1npatient Sample
discharge diagnoses

2002–2011 7 million
discharges 
per year

≥18
years
old

Proportion of hospital 
discharge diagnoses 
involving
cannabis abuse or 
dependence increased 
over the study period.

Shi (2017) Rates of hospitalizations 
for 1CD-9-CM cannabis 
use disorders, and opioid 
use disorders or overdose

State Inpatient 
Databases, state-
level annual 
administrative 
records from 27 
states

1997–2014 382
state-year
observations

Not
reported

Significant increases in 
CUD diagnosis over 
time. Medical 
marijuana legalization 
was associated with 
reductions in 
hospitalizations related 
to opioid use disorders 
and overdose. They had 
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Authors Outcome Data source Time
period

Sample size Age
range

Results

no effect on cannabis-
related hospitalizations.
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