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Abstract

This review summarizes evidence on the effects of cannabis use on the de-
velopment of adolescents and young adults. It draws on epidemiological
studies, neuroimaging studies, case-control studies, and twin andMendelian
randomization studies. The acute risks include psychiatric symptoms asso-
ciated with the use of high THC (tetrahydrocannabinol) products and mo-
tor vehicle accidents. Daily cannabis use during adolescence is associated
with cannabis dependence and poor cognitive function, which may affect
educational attainment and occupational choice. Daily use of highly potent
cannabis is associated with more severe psychological symptoms, such as
psychoses, mania, and suicidality. There are more mixed findings on de-
pressive symptoms, anxiety, and violence and debates about the interpre-
tation of these associations. Legalization of adult cannabis use may increase
cannabis use and dependence among adolescents and young adults.The reg-
ulation of cannabis after legalization needs to minimize adolescent uptake
and cannabis-related adverse developmental outcomes.

461

mailto:w.hall@uq.edu.au
mailto:j.leung1@uq.edu.au
mailto:Michael.Lynskey@kcl.ac.uk
https://doi.org/10.1146/annurev-devpsych-040320-084904
https://www.annualreviews.org/doi/full/10.1146/annurev-devpsych-040320-084904


Contents

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462
THE EPIDEMIOLOGY OF CANNABIS USE IN ADOLESCENTS

AND YOUNG ADULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463
WHY IS ADOLESCENT CANNABIS USE OF CONCERN? . . . . . . . . . . . . . . . . . . . . 463
CORRELATES OF ADOLESCENT CANNABIS USE . . . . . . . . . . . . . . . . . . . . . . . . . . . 464

Adverse Acute Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464
Accidental Injury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464

CHRONIC CANNABIS USE AND CANNABIS DEPENDENCE . . . . . . . . . . . . . . . . 465
CHRONIC CANNABIS USE AND COGNITIVE AND BRAIN FUNCTION . . . . 467

Neuroimaging Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467
Case-Control Studies of Cognitive Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467
Epidemiological Studies of Cognitive Functioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467
Consistent Findings on Cognitive Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 468

THE PSYCHOSOCIAL CONSEQUENCES OF ADOLESCENT
CANNABIS USE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469
Educational Outcomes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469
Other Illicit Drug Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469

CANNABIS USE AND MENTAL DISORDERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 470
Cannabis Use and Psychosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 470
Cannabis Use and Depression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 472
Cannabis Use and Anxiety Disorders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 472
Cannabis Use and Bipolar Disorders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 472
Cannabis Use and Suicidality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 473
Cannabis Use and Antisocial Behavior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 473

THE POTENTIAL EFFECTS OF CANNABIS LEGALIZATION
ON ADOLESCENT CANNABIS USE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 474
The Impacts of Cannabis Legalization So Far . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 474
The Future Impacts of Legal Recreational Cannabis Markets . . . . . . . . . . . . . . . . . . . . . 475
Strategies for Reducing Cannabis-Related Harm After Legalization . . . . . . . . . . . . . . . 475

CONCLUSION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 476

INTRODUCTION

Cannabis is an illicit drug widely used by youth in North America, Europe, and Oceania (AIHW
2017, EMCDDA 2018b, SAMHSA 2017a). In the past two decades in the United States, Canada,
and other high-income countries, cannabis use by adults has been legalized, initially for medical
use and more recently for adult recreational use (Hall et al. 2019). There are reasonable concerns
that these changes in the legal status of adult cannabis use may increase use among adolescents
in ways that increase the risks of a variety of adverse developmental outcomes in adulthood. This
review highlights research on the adverse adult outcomes associated with adolescent cannabis use,
discusses how these outcomes may be affected by the legalization of cannabis, and suggests ways
in which cannabis may be regulated to reduce the adverse developmental effects of adolescent
use.
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THE EPIDEMIOLOGY OF CANNABIS USE IN ADOLESCENTS
AND YOUNG ADULTS

In the United States in 2018, 12.5% of those aged 12–17 and 34.8% of those aged 18–25 reported
using cannabis in the past year (CDC 2019). Among adolescents in grades 8–12, this proportion
decreased from 26% in 2002 to 21% in 2007 before slightly increasing to 24–25% during the
2010s (Miech et al. 2019). First use of cannabis is most common during adolescence and is more
common among males and those who are unemployed and have a lower income (Hasin 2018).
Since 2008, more regular cannabis users have continued using into their 30s than in earlier birth
cohorts (Terry-McElrath et al. 2018).

In Australia in 2016, 35% of adults aged 14 and older reported lifetime cannabis use and 10%
reported use in the last year (AIHW 2017). Among 14–19-year-olds in 2016, the lifetime use of
cannabis was 16% (12% in the last year). This increased to 43% (22% in the last year) among
20–29-year-olds. Males were more likely than females to have used cannabis in all age groups.
The prevalence of cannabis use in the last year declined in 14–19-year-olds in both males (18%
in 2004, 14% in 2016) and females (19% in 2004, 10% in 2016).

In the period 2015–2017, around a quarter (26%) of adults aged 15–64 in Europe reported
lifetime cannabis use (EMCDDA 2018b). Over 20% of males and 15% of females aged 15–16
reported lifetime use of cannabis (ESPAD Group 2016). The highest lifetime prevalence of ado-
lescent cannabis use in Europe was in the Czech Republic (37%) and France (31%).Use in the past
year was 14% among those aged 15–34, with the lowest rate in Hungary (4%) and the highest in
France (22%). Among European countries with trend data, past-year cannabis use among young
adults decreased from the early 2000s to mid-2010s in England, Wales, and Spain and increased
in Ireland, Finland, Bulgaria, Sweden, and Romania (EMCDDA 2018b).

The limited data suggest that the prevalence of cannabis use in adolescents in low- and middle-
income countries (LMICs) is much lower than in high-income countries. In the Global School-
based Student Health Survey (WHO 2019), only 2% of adolescents in LMICs reported using
cannabis, with the highest prevalence in the Americas (7%).

WHY IS ADOLESCENT CANNABIS USE OF CONCERN?

Adolescence is a time in which major biological, neurobiological, social, and personal transitions
are made. These include puberty, changes in capacities to reason and regulate emotions, and the
negotiation of major social transitions, such as completing secondary schooling, making choices
about future careers, undertaking further education and training, and entering the adult world of
work. Young people also become more independent of their families of origin, develop personal
relationships with peers, and find their life partners.

Adolescence is also a high risk period for initiating alcohol, tobacco, and cannabis use and
for developing substance use disorders that may impair a young person’s ability to complete the
critical life transitions of adolescence (Hall et al. 2016a). Antisocial behavior may develop at this
time and so may the first symptoms of anxiety and depressive disorders, psychotic disorders, and
eating disorders, all of which make substantial contributions to the burden of disease in this age
group (Patton et al. 2016).The brains of adolescents and young adults undergo substantial change,
potentially increasing their vulnerability to the adverse effects of regular substance use on brain
development (Lorenzetti et al. 2019).

The common mental disorders and substance use disorders often co-occur in adolescence and
young adulthood (Hall et al. 2016a). This may be because they share risk factors, e.g., shared
genetic risks and family environments, or the risk of developing one type of disorder may increase
the risk of developing another. For example, conduct disorders increase the risks of substance use
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disorders, and cannabis use may increase the risk of psychotic disorders and vice versa (Hall et al.
2016a).

Cannabis use is often initiated in adolescence, and cannabis use disorders are common among
young people treated in addiction services in Australia (AIHW2019), Europe (EMCDDA 2018b),
and the United States (SAMHSA 2017b). In this article, we summarize evidence on the risks
of adolescent cannabis use and describe the poor psychosocial outcomes associated with these
cannabis use disorders. We focus on the following outcomes: cannabis dependence, cognitive
impairment, educational underachievement, depression, psychoses, use of other illicit drugs, and
other antisocial behaviors.

We follow the 2016 World Health Organization report on the health and social consequences
of nonmedical cannabis use in placing the greatest weight on evidence from longitudinal studies
of representative samples of young people who have been followed into adulthood when assessing
whether these adverse outcomes are causally related to cannabis use (Hall et al. 2016b).We focus
on studies that were best able to evaluate plausible alternative explanations of the associations,
e.g., by statistically controlling for major confounders or using genetically informed designs (e.g.,
discordant twin studies and Mendelian randomization studies). We secondarily assess the biolog-
ical plausibility of causal explanations by looking at evidence from animal studies on the effects of
cannabinoids.

In the last section of the article, we discuss the potential effects that legalizing cannabis pro-
duction and retail sale may have on harmful cannabis use by adolescents.We also briefly consider
regulations that may minimize harmful cannabis use by adolescents and policies and interventions
that may reduce the harm arising from adolescent cannabis use.

CORRELATES OF ADOLESCENT CANNABIS USE

Adverse Acute Effects

There is an extremely low risk that herbal cannabis use can produce a fatal overdose, and no reports
of fatal overdoses are reported in the epidemiological literature up to 2009 (Calabria et al. 2010).
More recently, there have been reports that require further investigation of cardiovascular deaths
in healthy young men after smoking large amounts of cannabis (Hartung et al. 2014).

Cannabis users may experience acute adverse effects, such as anxiety, paranoia, psychotic-like
experiences, and thoughts of self-harm or suicide (Dines et al. 2015, Hall et al. 2016b, NASEM
2017, Noble et al. 2019, Schmid et al. 2020, Tait et al. 2016, Zimmermann et al. 2019). These
experiences may be severe enough for users to seek medical treatment. Cannabis use may also
produce psychotic symptoms if cannabis products with high levels of THC (tetrahydrocannabinol)
are used, such as extracts or edibles (Marconi et al. 2016).

Accidental Injury

In laboratory studies, THC produces dose-related impairments in reaction time, information
processing, perceptual-motor coordination, motor performance, attention, and tracking behav-
ior (Hall et al. 2016b, Kroon et al. 2019). These effects suggest that cannabis use could cause
car crashes if users drive while intoxicated, but studies in driving simulators suggest that cannabis-
impaired drivers are aware of their impairment and compensate by slowing down and taking fewer
risks (NASEM 2017).

Systematic reviews and meta-analyses reported that drivers who test positive for THC have
a modestly increased risk of serious and fatal injuries from motor vehicle accidents, a risk that
increases when cannabis is used with alcohol (Elvik 2013, Hartman et al. 2016, Hels et al. 2011).
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A meta-analysis of nine case-control and culpability studies by Asbridge et al. (2012) found that
recent cannabis use (indicated by THC in blood or self-reported cannabis use) doubled the risk
of a car crash {odds ratio (OR) = 1.92 [95% confidence interval (CI): 1.35, 2.73]}. The risk was
marginally higher in better-designed studies (2.21 versus 1.78), in case-control studies rather than
those that judged driver culpability (2.79 versus 1.65), and in studies of fatalities rather than studies
of injuries (2.10 versus 1.74). Similar results (a pooled risk estimate of 2.66) were reported in a
meta-analysis (Li et al. 2012), but a recent analysis reported a smaller pooled effect [OR = 1.36
(95% CI: 1.15, 1.61)] (Rogeberg & Elvik 2016). A major challenge in interpreting these studies
is that THC metabolites indicate only that cannabis was used hours or days before the accident;
they do not establish that the drivers were cannabis impaired at the time of the accident (NASEM
2017, Rogeberg & Elvik 2016).

Overall, the epidemiological and laboratory evidence on the acute effects of cannabis strongly
suggests that cannabis users who drive while intoxicated have an increased risk of motor vehicle
crashes of 1.5–3 times (NASEM 2017), which is lower than the risk for drivers impaired by in-
toxicating doses of alcohol of 6–15 times. These risks may be larger in younger, less experienced
cannabis users and drivers.

CHRONIC CANNABIS USE AND CANNABIS DEPENDENCE

Epidemiological studies of chronic cannabis use are rarely able to measure the doses of THC
and other cannabinoids (e.g., cannabidiol) that cannabis users receive (Norberg et al. 2012). In
the absence of dosage data, epidemiological studies have defined heavy or regular cannabis use as
daily or near-daily use (Hall & Pacula 2010) because this is the pattern of use most consistently
associated with adverse health and psychological outcomes (Hall 2015).

The major challenge in attributing adverse psychological outcomes to regular cannabis use is
that regular cannabis users differ from nonusers and lighter users in a variety of ways that predict
a higher risk of these adverse outcomes (Hall 2015, Hall et al. 2016b, NASEM 2017). They are,
for example, more likely to use alcohol, tobacco, and other illicit drugs and to engage in risk-
taking behavior than nonusers of cannabis (Coffey&Patton 2016,Hall & Fischer 2010). Statistical
methods of control have been used to test the plausibility of confounding as an explanation of these
relationships, but some epidemiologists have expressed doubts about whether this strategy can be
wholly successful (Macleod et al. 2004).

Cannabis disorders have been the most common type of illicit drug dependence in epidemi-
ological surveys in Australia, Canada, and the United States (Hall et al. 2016b), affecting 1–2%
of adults in the past year and 4–8% of adults in their lifetime. Globally, approximately 18 million
people were estimated to be cannabis dependent in 2017, and 4 million of these were between
the ages of 15 and 19 (GBD 2017 Dis. Inj. Incid. Preval. Collab. 2018). Rates varied substantially
by geographical location, with the highest prevalence in the United States, Canada, Australia, and
New Zealand (Figure 1).

The risk of developing dependence was estimated to be 9% among those who ever used
cannabis in the United States in the early 1990s (Anthony 2006). The equivalent risks at that time
were 32% for nicotine, 23% for heroin, 17% for cocaine, 15% for alcohol, and 11% for stimulants
(Anthony et al. 1994). In longitudinal studies, the risk of developing cannabis dependence is about
one in six among adolescent users (Anthony 2006). It may be as high as 50% among persons who
are daily cannabis users (van der Pol et al. 2013). A systematic review and meta-analysis (Leung
et al. 2020) of data from six longitudinal studies in the United States, Australia, New Zealand,
France, Germany, and the Netherlands that followed young people into adult life estimated the
risk of dependence as 12% (95% CI: 7, 18) in young people who have ever used cannabis and a
third [33% (95% CI: 22, 44)] in those who had used cannabis at least weekly.
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Figure 1

Estimated prevalence rates (cases per 100,000) of cannabis use disorders among 15–19-year-olds in 2017. Figure based on results from
the Global Burden of Disease Study 2017 (GBD 2017 Dis. Inj. Incid. Preval. Collab. 2018) collected in the GBD Compare
Visualization Hub, Institute for Health Metrics and Evaluation, University of Washington (IHME 2017) (CC BY-NC).

Cannabis users develop tolerance to THC (Ramaekers et al. 2020), and problem users who
seek help often report withdrawal symptoms, such as anxiety, insomnia, appetite disturbance,
and depression (Budney & Hughes 2006). These symptoms can impair everyday functioning and
may present an obstacle to abstinence. They are markedly attenuated by THC (Werneck et al.
2018).

In 2019,more than 137,000 patients entering treatment in the past year in the EuropeanUnion
(including the United Kingdom), Norway, and Turkey named cannabis as their primary problem
drug (EMCDDA 2019b); at the country level, it was the primary problem drug for just under half
of all patients in the Netherlands (47%), Denmark (46%), France (49%), and Germany (43%). In
Australia, cannabis was themain drug of concern in 22%of all alcohol and drug treatment episodes
(AIHW 2019). In the United States, the proportion of admissions with cannabis as the primary
substance of abuse increased from 16% of admissions in 2005 to 19% in 2010, then decreased
to 14% in 2015, making it the third most common drug of concern after alcohol and opioids
(SAMHSA 2017b).

The increase in the number of cannabis users seeking help to quit over the past two decades
in Europe and Australia is not solely due to more users being legally coerced into treatment.
There has been a similar increase in the Netherlands, where cannabis use was decriminalized over
40 years ago (EMCDDA 2019b).

Rates of recovery from cannabis dependence among those seeking treatment are very similar
to those for alcohol (Florez-Salamanca et al. 2013). In clinical trials, cognitive behavior ther-
apy, motivational enhancement, and contingency management reduce the severity of cannabis
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problems and frequency of use, but only a minority of patients become and remain abstinent
6 and 12 months after treatment (Budney et al. 2019, Danovitch & Gorelick 2012, Gates et al.
2016). There are no effective pharmacological treatments for cannabis dependence (Nielsen et al.
2019).

CHRONIC CANNABIS USE AND COGNITIVE AND BRAIN FUNCTION

Neuroimaging Studies

Structural neuroimaging studies have compared adolescents who are regular cannabis users with
nonusers on volumes and thickness of specific brain regions. A meta-analysis of these studies
(Lorenzetti et al. 2019) found smaller volumes in adolescents who were regular cannabis users
than controls in brain regions implicated in learning, memory and stress (e.g., hippocampus), and
inhibitory control (e.g., orbitofrontal cortex), though different studies report volume differences
in different regions.

Systematic reviews of functional magnetic resonance imaging studies have found differences
in brain activity between adolescent cannabis users and controls (Batalla et al. 2013, Blest-Hopley
et al. 2018, Bloomfield et al. 2019, Chye et al. 2019). In a meta-analysis of these studies (Blest-
Hopley et al. 2018), adolescent cannabis users had larger functional alterations in brain pathways
involved in inhibitory control and habitual/compulsive substance use than nonusers. Lorenzetti
et al. (2016) found differences in the activity of frontal-parietal regions between heavier and oc-
casional cannabis users. As with structural imaging studies, larger studies are needed to resolve
differences between studies in the location of these differences.

Overall, the structural and functional neuroimaging case-control studies have found that ado-
lescent cannabis use is associated with some differences in the structure of prefrontal and temporal
brain regions and with functional differences in the parietal cortex and putamen. These results
need to be replicated and longitudinal studies done to assess the extent to which observed differ-
ences are causes or consequences of cannabis use because in some studies some differences have
predated and predicted regular cannabis use (Chye et al. 2019, Jacobus et al. 2019).

Case-Control Studies of Cognitive Performance

Systematic reviews and meta-analyses of studies have compared cognitive performance in ado-
lescent cannabis users and controls (Broyd et al. 2016, Scott et al. 2018). Scott et al. (2018)
found impaired performance in adolescent cannabis users in the same functions found to be im-
paired in adult cannabis users, namely, learning, (delayed) memory, attention, and several executive
functions (abstraction/shifting, inhibition, updating/working memory, and speed of information
processing). These alterations are more marked in adolescents who have sought treatment for
cannabis use disorders (Scott et al. 2018). In young cannabis users up to 26 years of age, perfor-
mance was intact in the verbal, visuospatial, and motor performance domains, all of which con-
sistently differ between older adult cannabis users and controls (Broyd et al. 2016). There was
cognitive recovery with abstinence in some of these studies (Scott et al. 2018).

Epidemiological Studies of Cognitive Functioning

Several longitudinal studies have found a larger decline in IQ among cannabis users than in their
nonusing peers (Meier et al. 2012,Mokrysz et al. 2016), and studies of twins discordant for cannabis
use have generally found that the twin who used cannabis had a lower IQ than the twin who did not
( Jackson et al. 2016). It is unclear, however, if these IQ differences can be attributed to cannabis
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use.They have not persisted after controlling for confounders (e.g., socioeconomic status, tobacco
use) in some studies (Mokrysz et al. 2016), whereas they have in other studies (e.g., Meier et al.
2012). The twin studies also suggest that the IQ differences could be explained by shared genetic
and environmental risk factors ( Jackson et al. 2016,Meier et al. 2018). Several longitudinal studies
have reported improvements in IQ and specific cognitive abilities if regular cannabis users become
abstinent (Meier et al. 2018, Tait et al. 2011).

A major limitation of many of these studies is that they have included only a small proportion
of daily cannabis users and regular users were more likely to be lost at follow-up. Both of these
factors may bias studies against finding cognitive effects of regular cannabis use (Lorenzetti et al.
2020). Furthermore, the twin studies have included relatively small numbers of twins who were
discordant for cannabis use. They have also used limited assessments of cognitive performance,
and self-reported cannabis use has often been retrospective, so twins classified as regular cannabis
users may have ceased using cannabis before the assessment (Lorenzetti et al. 2020).

Consistent Findings on Cognitive Effects

There have been two consistent findings on cognitive effects in these different types of studies
(Lorenzetti et al. 2020). The first is that differences in brain structure and poorer cognitive
performance may precede cannabis use and increase the risk of early and regular cannabis use. In
both longitudinal and twin studies, young people with poorer executive function, less inhibitory
control, and poorer memory were more likely to become regular cannabis users than their peers
or their cotwins who did not use cannabis (Morin et al. 2019, Tait et al. 2011). This finding
suggests that young people with poorer cognitive ability are more likely to start using cannabis
at an early age, to become regular users, and to continue to use into adulthood. A plausible
hypothesis is that regular adolescent cannabis use may also worsen the performance of these less
cognitively able young people (Lorenzetti et al. 2020). This hypothesis is supported by the finding
in some longitudinal studies that the relationship between cannabis and poor cognitive perfor-
mance persists after adjustment for differences in baseline cognitive performance (Meier et al.
2012).

The cognitive impairments in daily cannabis users can impair their everyday performance in
terms of attention andmemory.Meier et al. (2012) reported that family and friends noticed deficits
in the functional daily life performance of regular cannabis users. In the Avon cohort, there were
significant differences in secondary school examinations between regular and nonregular users
(Mokrysz et al. 2016). Marie & Zölitz (2017) found that University of Maastricht course grades,
especially in mathematics and statistics, improved more in students who were no longer able to
purchase cannabis in coffee shops after restrictions by nationality were introduced in 2011 to
discourage drug tourism.

A second finding is that the cognitive performance of regular cannabis users on IQ and specific
cognitive tests often improves after abstinence (Lorenzetti et al. 2020). This suggests that regular
cannabis users are cognitively impaired when they are using cannabis regularly. There are too few
studies with enough statistical power to assess whether smaller, longer-term residual cognitive
effects remain after abstinence. The fact that the cognitive effects of regular cannabis use in ado-
lescence recover after abstinence is encouraging (Scott et al. 2018), but many adolescents who are
regular cannabis users find it difficult to quit in adulthood (Volkow et al. 2016, Zehra et al. 2018).
Moreover, even if they do quit as young adults and show cognitive recovery after abstinence, their
daily cannabis use during adolescence may have reduced their educational attainment, limiting
their choice of an occupation and reducing their income in adult life (Fergusson & Boden
2008).
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THE PSYCHOSOCIAL CONSEQUENCES OF ADOLESCENT
CANNABIS USE

Educational Outcomes

Regular cannabis users have poorer educational outcomes than their peers who do not use cannabis
regularly (Pacheco-Colón et al. 2019), but there has been some debate about how this association
is best explained. Is cannabis use a contributory cause of poor school performance? Are young
people at high risk of poor educational attainment more likely to become regular cannabis users?
Are regular cannabis use and poor educational attainment the results of common causes (Lynskey
& Hall 2000)? These possibilities need not be mutually exclusive: Poor school performance may
make young people more likely to become regular users, and regular cannabis use may further
impair their already poor school performance.

Macleod et al.’s (2004) systematic review of longitudinal studies of adolescent cannabis use
found that cannabis use was associated with poorer educational attainment. The authors argued,
however, that the association was unlikely to be causal because it was attenuated after control-
ling for confounders. By contrast, Townsend et al.’s (2007) review of evidence from longitudinal
studies of associations between cannabis use and dropping out of school found only one study
(Ellickson et al. 1998) in which cannabis use no longer predicted school dropout after controlling
for confounding variables. Friemel’s (2019) review of systematic reviews of studies of cannabis
and educational outcomes found a consistent association between cannabis use and early school
dropout and so did a review by Pacheco-Colón et al. (2019).

Horwood et al. (2010) assessed the association between age of onset of cannabis use (<15,
15–17, and never before age 18) and high school completion, university enrollment, and degree
completion in three Australasian cohort studies with over 6,000 participants. This study adjusted
for a wide range of confounders, e.g., family sociodemographic background, child cognitive ability
and educational achievement before the onset of cannabis use, family functioning, and child and
early adolescent behavioral adjustment. Horwood et al. (2010) found that the later the age of first
cannabis use, the greater an adolescent’s educational achievement. Those who had not used by age
18 were 2.4 to 4.1 times more likely to complete high school than adolescents who used cannabis
before age 15. The odds of university enrollment were 1.8 to 2.9 times greater, and the odds of
obtaining a university degree were 3.0 to 4.4 times greater. After controlling for confounders,
adolescents who had not used cannabis by age 18 were 1.9 to 2.9 times more likely to have higher
educational achievement than those who began using cannabis before age 15. The authors esti-
mated that early cannabis use explained up to 17% of the variance in failure to complete high
school, enroll in university, and attain a university degree.

An Australian discordant twin study has raised questions about whether the association is causal
(Verweij et al. 2013). Verweij et al. argued that the association was better explained by shared
genetic and environmental risk factors for early cannabis use and early school leaving because
they found no difference in risk of early school leaving between twins who did and did not use
cannabis. These findings are supported by two earlier analyses of US twin study data (Bergen
et al. 2008, Grant et al. 2012). As with the cognitive effects of regular cannabis use, a plausible
hypothesis is that poorer educational performance increases the risk of cannabis use, which in
turn further impairs educational outcomes.

Other Illicit Drug Use

In epidemiological studies in the United States, Australia, and New Zealand in the 1970s and
1980s, (a) regular cannabis users were more likely to use heroin and cocaine and (b) the younger
a person was when they first used cannabis, the more likely they were to use other illicit drugs
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(Kandel 2002). Three broad explanations were provided for these patterns of drug involvement:
(a) cannabis users had more opportunities to obtain other illicit drugs from the same black market
that provided their cannabis; (b) early cannabis users were more likely to use other illicit drugs
for reasons that were unrelated to their cannabis use (e.g., their higher risk-taking or sensation-
seeking); and (c) the pharmacological effects of cannabis increased a young person’s propensity to
use other illicit drugs (Hall & Pacula 2010).

More recent international data suggest that the order in which cannabis and other drugs are
used varies with the prevalence of different types of illicit drug use in the population (Degenhardt
et al. 2010). There is also support for the first two hypotheses in that young people in the United
States who use cannabis report more opportunities to use cocaine at an earlier age (Wagner
& Anthony 2002). Socially deviant young people (who are also more likely to use cocaine and
heroin) start using cannabis at an earlier age than their peers (Fergusson et al. 2008). A modeling
study (Morral et al. 2002) also suggested that these shared risk factors could wholly explain the
relationships between cannabis and other illicit drug use in the United States.

The shared risk factor hypothesis has been tested in longitudinal studies by assessing whether
cannabis users are more likely to report heroin and cocaine use after statistically controlling for
confounding factors. Adjustment for confounders (including unmeasured ones using fixed effects
regression) (Fergusson et al. 2006) does not eliminate the relationship between regular cannabis
use and the use of other illicit drugs (Hall & Lynskey 2005).

Richmond-Rakerd and colleagues (2015) used discrete-time multiple event process survival
mixture analyses to examine patterns of substance use in the US National Longitudinal Study of
Adolescent to Adult Health. The most common sequence—tobacco and alcohol, then cannabis—
was aligned with the earlier gateway pattern. The study also found that there were common risk
factors for these use patterns, with delinquent behavior predicting multiple substance use, regard-
less of which substance was used first.

Twins who are discordant for cannabis use (i.e., one has and the other has not used cannabis)
have been studied to test whether the relationship between cannabis use and the use of other illicit
drugs is due to a shared genetic vulnerability to use drugs. Lynskey et al. (2003) suggested that
the association was not wholly due to shared genetic vulnerability because the twin who had used
cannabis was more likely to use other illicit drugs than the cotwin who had not. This relationship
persisted after controlling for nonshared environmental factors. Similar results have been reported
in a large discordant twin study in theUnited States (Grant et al. 2010) and in a smaller twin sample
from the Netherlands (Lynskey et al. 2006).

CANNABIS USE AND MENTAL DISORDERS

Cannabis Use and Psychosis

A large prospective study in Sweden in 1987 suggested that cannabis was a contributory cause of
schizophrenia. In this 15-year follow-up of 50,465 Swedish male conscripts, those who had tried
cannabis by age 18 were 2.4 times more likely to receive a diagnosis of schizophrenia over the
next 15 years than those who had not (Andreasson et al. 1987). After statistical adjustment for a
personal history of psychiatric disorders and parental divorce, those who had used cannabis 10 or
more times by age 18 were 2.3 times more likely to be diagnosed with schizophrenia than those
who had not used cannabis.

It is unclear how well the study ruled out confounding or the possibility that persons who
were developing schizophrenia used cannabis to self-medicate. Later studies have addressed these
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problems. Zammit et al.’s (2002) 27-year follow-up of the Swedish cohort found a dose-response
relationship between frequency of cannabis use at age 18 and risk of schizophrenia over the
27-year follow-up. This effect persisted after statistically controlling for confounding. They
estimated that 13% of cases of schizophrenia could have been averted if all cannabis use had been
prevented in the cohort.

The Swedish cohort findings have been supported by longitudinal studies in the Netherlands
(van Os et al. 2002), Germany (Henquet et al. 2005), and New Zealand (Arseneault et al. 2002,
Fergusson et al. 2003). All studies found a relationship between cannabis use and the risks of ei-
ther psychotic disorders or psychotic symptoms that persisted after adjustment for confounders.
A meta-analysis of these studies found that psychotic symptoms or psychotic disorders were
marginally more common among those who had ever used cannabis [OR of 1.4 (95% CI: 1.20,
1.65)] (Moore et al. 2007) and more common still among regular cannabis users [OR of 2.09 (95%
CI: 1.54, 2.84)]. Reverse causation was addressed in some of these studies by excluding cases that
reported psychotic symptoms at baseline and by statistically adjusting for preexisting psychotic
symptoms. The common cause hypothesis was harder to exclude because the association between
cannabis use and psychosis was attenuated after statistical adjustment and no study assessed all
confounders.

A meta-analysis of studies conducted since Moore et al.’s (2007) meta-analysis found an even
stronger association between cannabis use and psychosis (OR of nearly 4) in persons who used
more potent forms of cannabis (Marconi et al. 2016). Young persons with psychoses or psychotic
symptoms who use cannabis have an average earlier age of first episode psychosis (Large et al.
2011), and young persons with a first episode of psychosis who stop using cannabis have better
clinical outcomes than those who persist in using it, i.e., fewer psychotic symptoms and better
social functioning (Schoeler et al. 2016).

A number of genetic studies have assessed whether the association between cannabis use
and psychosis is explained by a shared genetic liability to use cannabis and develop a psychosis.
These have included Mendelian randomization studies (e.g., Gage et al. 2017) and studies that
have adjusted the association for a polygenetic risk of psychosis score (e.g., Verweij et al. 2017).
The value of the former studies has been limited by (a) the failure of genome-wide association
studies to identify genes that influence the liability to use cannabis and (b) the fact thatmost genetic
studies have assessed only lifetime cannabis use (rather than daily use). The studies using polyge-
netic risk scores have found that these scores only weakly predict cannabis use and psychosis risk
and that the statistical adjustment for genetic risk does not eliminate the association between the
two.

Those who are skeptical of a causal role for cannabis argue that it is inconsistent with the
absence of an increase in the incidence of schizophrenia over the period when cannabis use has
increased among young adults. The evidence is mixed. An Australian study did not find any in-
crease in the incidence of psychosis while cannabis use increased during the 1980s and 1990s
(Degenhardt et al. 2003). A similar British modeling study (Hickman et al. 2007) concluded it
was too early to detect any increase in incidence in Britain. Two case register studies in Britain
(Boydell et al. 2006) and Switzerland (Ajdacic-Gross et al. 2007) reported an increased incidence
of psychoses in recent birth cohorts, while another British study of patients in general practice
failed to do so (ACMD 2008). It is difficult to decide whether cannabis use has had any effects on
psychosis incidence because it produces a very modest increase in risk even if the relationship is
causal. The interpretation of incidence trends in psychoses is complicated by changes in diagnos-
tic criteria, psychiatric services for psychosis, and the quality of administrative data on the treated
incidence of psychosis.
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Cannabis Use and Depression

There are high rates of comorbidity between cannabis use disorders and depressive disorders in
epidemiologic surveys (Macleod et al. 2004, Mammen et al. 2018). In longitudinal studies, the
relationship between regular cannabis use and depression has been weaker than that for cannabis
and psychosis (Degenhardt et al. 2012). A meta-analysis (Moore et al. 2007) found only a modest
increase in risk of depressive disorders [OR = 1.49 (95%CI: 1.15, 1.94)]. The authors argued that
most of these studies had not controlled for confounders or excluded the possibility that depressed
young people were self-medicating. Similar conclusions were drawn from a meta-analysis of data
from four Australasian cohort studies (Horwood et al. 2012) and systematic reviews and meta-
analyses of longitudinal studies (Gobbi et al. 2019, Lev-Ran et al. 2014).

A systematic review of prospective studies of people with mood disorders found that cannabis
use, or a comorbid cannabis use disorder, was associated with more severe symptoms of depression
(Mammen et al. 2018). Esmaeelzadeh et al. (2018) reported a systematic review and meta-analysis
of longitudinal studies of mental disorders and substance use in young people. They found a con-
sistent association between cannabis use at baseline and depression at follow-up after adjusting for
potential confounders, including a prior history of mental disorders. They also found a stronger
association between cannabis use in adolescence and depression at follow-up [OR = 1.33 (1.19,
1.49)] than between depression at baseline and later cannabis use [OR = 1.03 (1.01, 1.05)].

Cannabis Use and Anxiety Disorders

Epidemiological evidence is also mixed on whether cannabis use can increase the risk of anxiety
disorders (Esmaeelzadeh et al. 2018,Moore et al. 2007). The systematic review and meta-analysis
of Moore et al. (2007) found that cannabis exposure was not significantly associated with anxiety
disorders after adjusting for potential confounders [OR= 1.40 (0.96, 2.04)]. Gobbi and colleagues
(2019) drew the same conclusion from a meta-analysis of three longitudinal studies of anxiety in
young adults in the United States [OR = 1.18 (0.84, 1.67)]. A systematic review found an asso-
ciation between cannabis use and social anxiety disorders and acute anxiety, but mixed results for
generalized anxiety disorders (Zimmermann et al. 2019). Another systematic review found that
cannabis use was associated with more symptoms of anxiety and posttraumatic stress disorder, but
not with panic disorders (Mammen et al. 2018). Kedzior & Laeber’s (2014) systematic review and
meta-analysis of general population studies found a modestly increased risk of anxiety disorders
from cannabis use [OR = 1.24 (1.06, 1.45); adjusted OR = 1.28 (1.06, 1.54)]. Cannabis use at
baseline was associated with anxiety at follow-up in five studies that adjusted for confounders, but
the authors suggested that cannabis use may have a bidirectional effect in that some people use
cannabis to cope with anxiety, while regular cannabis use worsens anxiety.

Cannabis Use and Bipolar Disorders

Persons with bipolar disorders have higher rates of cannabis use disorders than the general pop-
ulation (e.g., Agrawal et al. 2011, Lai & Sitharthan 2012, Lev-Ran et al. 2013, Silberberg et al.
2012). In longitudinal studies, cannabis use at baseline predicts more manic symptoms at follow-
up (Henquet et al. 2006), and persons with bipolar disorders who continue to use cannabis have
more manic episodes than those who do not (Silberberg et al. 2012). Systematic reviews of these
studies consistently find an association between cannabis use and poor outcomes in bipolar dis-
order (Bally et al. 2014, Gibbs et al. 2015, Mammen et al. 2018, Marangoni et al. 2016, Messer
et al. 2017). Cannabis use is also associated with a younger age of onset of manic symptoms, more
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frequent depressive or manic episodes, more severe bipolar symptoms, rapid cycling or mixed
episodes, and less improvement with treatment.

Marangoni and colleagues (2016) systematically reviewed longitudinal studies on the risks of
substance use in bipolar disorder. In three studies, cannabis users had a two- to ninefold higher
risk of bipolar disorders later in life. One study found a higher risk if cannabis was used weekly.
These findings suggest that regular cannabis use may play a contributory causal role in precipitat-
ing bipolar disorders, but many of these studies have not adequately controlled for confounding
variables or ruled out reverse causation (Silberberg et al. 2012).

Cannabis Use and Suicidality

Some case-control studies have found associations between cannabis use and suicide in adoles-
cents and young adults (e.g., Beautrais et al. 1999), but prospective epidemiological studies have
produced more mixed results. Fergusson & Horwood (1997) found a dose-response relationship
between frequency of cannabis use by age 16 and self-reported suicide attempts, but this did not
persist after controlling for confounders. A reanalysis of their data (van Ours et al. 2013) found
that using cannabis more than weekly increased suicidal ideation in males. Patton et al. (1997),
by contrast, found that cannabis was only associated with self-harm in females. Rasic et al. (2013)
reported that heavy cannabis use increased the risk of depression but did not affect suicide risk.
A meta-analysis of earlier studies (Moore et al. 2007) concluded that the study designs and mea-
sures were too varied to quantify risk and that most studies had not excluded reverse causation or
controlled for confounding.

A study of mortality among 6,445 persons treated for a cannabis use disorder in Norway
found an elevated risk of suicide [OR = 5.3 (95% CI: 3.3, 7.79)] (Arendt et al. 2013). The
sample comprised heavier, more problematic cannabis users than other studies, and a substantial
proportion had injected drugs, a behavior associated with an increased suicide risk (Degenhardt
et al. 2012). Exclusion of cannabis users who were known to be injectors marginally reduced
the suicide risk [OR = 4.8 (95% CI: 2.4, 8.9)]. Because the study used case registers it had a
limited ability to control for possible confounders, but the results suggest that suicide risk may
be elevated in very heavy cannabis users who seek treatment.

Gobbi and colleagues’ (2019) systematic review and meta-analysis of longitudinal studies of
adolescent cannabis use and suicidal behavior found that cannabis use during adolescence was
associated with a modest increase in the risk of suicidal ideation [OR = 1.50 (1.11, 2.03)] and a
larger increase in the risk of suicidal attempts [OR = 3.46 (1.53, 7.84)] in young adults. Similar
findings were reported in another review that compared the effects of any cannabis use with those
of heavy cannabis use (Borges et al. 2016). The associations between cannabis use and suicidal
ideation [OR = 2.53 (1.00, 6.39)] and suicide attempts [OR = 3.20 (1.72, 5.94)] were strongest in
young people who engaged in heavy cannabis use.

Cannabis Use and Antisocial Behavior

The illegality of cannabis use under prohibition can lead to a criminal record, a risk that is elimi-
nated in adults by decriminalization or the legalization of cannabis use. Cannabis use, however, is
not regarded as criminogenic in the same way that heavy heroin use can be (e.g., users committing
criminal offences to fund their drug use) or that the pharmacological effects of heavy cocaine use
may prompt users to engage in acts of violence. Drug dealing and property offences are also less
often committed by cannabis users because cannabis is easier to obtain and much less expensive
than heroin. Unemployed daily cannabis users may fund their use by low-level dealing, that is,
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buying cannabis in larger amounts than they need at a discount and then selling the surplus to
peers.

Cannabis also does not have a reputation as a drug that can cause violence. Indeed, cannabis
is more often perceived as relaxing and reducing users’ motivation to engage in violent acts.
Recent epidemiological evidence has challenged this view by suggesting that regular cannabis
use can increase the risk of violence in persons with psychoses. A meta-analysis of predic-
tors of violence in persons with psychoses (Witt et al. 2013) found that polysubstance abuse
[OR = 10.3 (95% CI: 2.5, 41.4)] and comorbid substance use disorder [OR = 3.1 (95%
CI: 1.9, 5.0)] were associated with an increased risk of violence. It was uncertain, however,
whether cannabis misuse did so because only four studies assessed this possibility [OR = 1.3
(95% CI: 0.7, 2.4)]. A more recent meta-analysis of 12 studies of cannabis and violence in persons
with psychoses (Dellazizzo et al. 2019) found an increased risk of violence among persons with
psychoses who were regular cannabis users [OR = 3.02 (95% CI: 2.01, 4.54)] and a higher risk
among those who misused cannabis [OR = 5.8 (95% CI: 3.27, 10.28)]. The authors cautioned
against drawing a causal conclusion from the association between cannabis use and violence
because these studies did not control for a large number of potential confounders, and it was not
possible to exclude the possibility that persons with psychoses who were prone to violence were
more likely to become regular cannabis users. This issue warrants further study.

THE POTENTIAL EFFECTS OF CANNABIS LEGALIZATION
ON ADOLESCENT CANNABIS USE

The regulation of cannabis has changed dramatically in the past two decades in North America
and, to a lesser extent, in other high-income countries (EMCDDA 2018a, Hall et al. 2019). Adult
cannabis use has been illegal in most of these countries since the middle of the twentieth century,
but an increasing number of countries have decriminalized personal use or legalized cannabis use
for medicinal purposes (Hall et al. 2019, Room et al. 2010). More recently, Canada, Uruguay, and
11 states in the United States have legalized cannabis use by adults for recreational purposes (Hall
et al. 2019).

Most North American jurisdictions that have legalized adult use have decided to regulate
cannabis like alcohol, i.e., to license commercial cannabis growers, processors, and sellers to sup-
ply cannabis to users for a profit (Hall et al. 2019). This model has increased adults’ access to more
potent cannabis products and substantially reduced the price of cannabis (Hall et al. 2019, Smart
& Pacula 2019). There is a reasonable concern that cannabis legalization will also increase the
prevalence and frequency of cannabis use among adolescents and young adults (Hall et al. 2019).
This section reviews evidence on the effects of cannabis legalization on adolescents and young
adults. It also includes some provisional predictions about how these outcomes may change after
the legalization of a commercial cannabis industry.

The Impacts of Cannabis Legalization So Far

Cannabis legalization is still at an early stage in implementation, even in the early adopter states
in the United States, making it difficult to evaluate its impacts. Some things are clear, however.
Legalization has reduced cannabis prices and increased the potency of cannabis flower in the US
states that have legalized it (Smart et al. 2017). The sales of more potent cannabis products, such
as edibles, oils for vaporization, and extracts and waxes that contain more than 60% THC, have
also increased (Smart et al. 2017). These products comprised 21% of sales inWashington state by
2016 (Smart et al. 2017), and this proportion has since increased (EMCDDA 2019a).
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In household surveys, adult cannabis users in US states that have legalized medical cannabis
use report using cannabis more often (Caulkins 2017). There have not been consistent increases
in cannabis use among adolescents and young adults so far (Dilley et al. 2019), despite declines in
the perceived risks of cannabis use in this age group (Hasin 2018).

Road crash fatalities in which THC has been detected have increased since legalization in
US states, but it is uncertain to what extent these reflect increased cannabis-impaired driving or
increased testing for THC. Accident fatality rates have not differed between states that have and
have not legalized cannabis (Aydelotte et al. 2017), apart from a short-lived increase immediately
after legalization (Hall & Lane 2020).

The potential adverse health effects of the increased use of more potent cannabis products
are of concern. In some surveys, persons who use cannabis extracts with very high THC content
report more symptoms of dependence and mental distress (Chan et al. 2017). In the Netherlands,
the number of persons seeking help to quit cannabis increased as potency increased and later fell
when cannabis potency was reduced (Freeman et al. 2018). Some argue that the effects of increased
THC content will be minimal because users titrate their doses of THC to achieve the desired level
of intoxication. However, it is unclear how well users can titrate their doses and, if they can do so,
whether they in fact do adjust their doses (van der Pol et al. 2014).

The following are plausible hypotheses about the future adverse effects of increased cannabis
potency. A higher THC content may increase anxiety, depression, and psychotic symptoms in
naive users, an effect that may deter continued use. More potent cannabis products may also in-
crease the risks of dependence and psychotic symptoms in regular users if they do not titrate their
doses. Adverse effects on the respiratory and cardiovascular systems may be reduced if regular
users smoke smaller amounts of more potent cannabis products.

The Future Impacts of Legal Recreational Cannabis Markets

Experience with alcohol regulation (Babor et al. 2010) suggests that in the longer term the com-
mercialization of cannabis will increase the frequency of use among current users. There are some
indications that this is already happening (Caulkins 2017,Hasin 2018). In the longer term, the pop-
ulation prevalence and the intensity of cannabis use will probably increase as the use of cannabis
becomes more socially acceptable, prices fall further, cannabis access increases, and more attrac-
tive cannabis products are developed and marketed. Greater promotion and use of more potent
cannabis products may increase the prevalence of dependence and other harms to regular cannabis
users. The cannabis industry is already following the examples of the alcohol, tobacco, and gam-
bling industries in opposing policies that promote public health over corporate profits, e.g., by
lobbying for reduced cannabis taxes, opposing the regulation of the THC content of cannabis
products, and campaigning for the legalization of cannabis consumption lounges and the home
delivery of cannabis products (Hall et al. 2019). The cannabis industry may also lobby for politi-
cally appealing but ineffective policies that promote responsible use and allocate a token amount
of cannabis tax revenue to treating problem cannabis users, as the gambling industry has done.

Strategies for Reducing Cannabis-Related Harm After Legalization

When cannabis is a legal commodity, governments can use taxes and regulations like those for
alcohol to reduce its adverse public health impact (Babor et al. 2010). These include increasing
taxes to discourage heavy use, limiting the number and location of retail outlets, restricting adver-
tising and promotions, educating users about safer patterns of use, discouraging adolescents from
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initiating use, improving access to treatment for problem cannabis users, and deterring cannabis
users from driving while impaired.

After legalization, cannabis users need accurate information about cannabis products, e.g., their
THC content, the risks and benefits of using more potent cannabis, and ways to minimize the
harms (Fischer et al. 2017). They need to be informed about the lack of evidence for many of
the putative medical uses of cannabis and cannabinoids, including cannabidiol, which is increas-
ingly promoted as a wellness product. They also need to be better informed about the risks of
developing cannabis dependence, using cannabis during pregnancy, driving while impaired, and
exacerbating psychoses and other mental disorders. The design of effective educational programs
requires research on the product labels and health warnings that are the most credible to cannabis
users.

CONCLUSION

The daily use of cannabis by adolescents and young adults poses risks to the successful completion
of psychosocial development. The major acute risk of cannabis use is a car crash if a young person
drives while intoxicated. Serious injuries can impair a young person’s chances of living a full and
productive life. The major risk of regular cannabis use in adolescence is cannabis dependence.
This can be a problem if a young person spends much of their waking time in an intoxicated state
and finds it difficult to cease using despite wishing to do so.

Cannabis dependence is associated with increased risks of other poor psychosocial outcomes
in young adulthood. These include psychoses, depression and anxiety disorders, cognitive impair-
ment, early school leaving, other illicit drug use, and in the case of persons with psychoses, violence.
Debate continues on which of these outcomes are causally related to cannabis use. The evidence
is strongest for cannabis dependence and psychosis, cognitive impairment in daily cannabis users,
and poor educational outcomes if cannabis is used daily in adolescence. In the case of anxiety and
depression, it is unclear to what extent the association reflects self-medication or uncontrolled
confounding and to what extent cannabis use worsens the course of these disorders.

A number of potential effects of cannabis legalization on adolescent cannabis use are of concern.
The major concern is that young people will have greater access to more potent and cheaper
cannabis products in a social setting in which adult cannabis use is condoned and modeled. The
risk is that these developments will increase the prevalence of cannabis dependence and the harms
associated with cannabis dependence in young people.

In jurisdictions where cannabis is legal, mitigation policies are available that do not exist un-
der prohibition. These include the use of taxation to discourage adolescent initiation and heavy
cannabis use and restrictions on retail outlets and advertising. These approaches could be useful
additions to more traditional ways of preventing regular cannabis use in adolescence and treating
dependent cannabis users. It remains to be seen if governments will use public health regulations
to reduce the harms of adolescent cannabis use after legalization.
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