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Abstract

Purpose of review—Despite widespread marijuana use among adolescents, accurate
information on known health effects is poorly disseminated to clinicians and their patients. Amidst
rapidly evolving drug policy in the United States and elsewhere, it is imperative that providers
understand the short- and long-term consequences of marijuana use.

Recent findings—Research on regular marijuana use highlights a unique susceptibility of the
developing adolescent brain to adverse neurocognitive and psychiatric outcomes. Although studies
have not firmly established causality, onset of regular marijuana use in adolescence is associated
with later decline in cognitive function, as well as with adult onset of psychosis and anxiety.
Educational and employment outcomes may be poorer among regular marijuana-using
adolescents. A number of other adverse respiratory, cardiovascular, endocrine and gastrointestinal
associations with regular marijuana use have also been established. Good screening tools and
promising brief intervention and behavioral treatment programs are available to clinicians, who
are in a position to identify problematic marijuana use among adolescents and refer for services.

Summary—A common misperception among youth is that marijuana use is without harm.
However, adolescent marijuana use may have measurable, durable and potentially irreversible
effects on later cognitive function and mental health.
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INTRODUCTION

Second to alcohol, marijuana is the most commonly used substance among adolescents,
despite its status as an illegal drug in many settings [1-3]. There is a growing body of
evidence linking youth marijuana use to adverse short- and long-term health outcomes [4].
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For decades, a well-established public health campaign has showcased the adverse effects of
cigarettes, but a similar campaign has not been as robust or successful for marijuana [5].
Accordingly, the proportion of youth who believe marijuana use carries risk has declined
rapidly in recent years [2]. Therefore, it is imperative that clinicians understand the current
body of literature on adolescent marijuana use in order to counsel youth on potential health
effects in an evidence-informed manner.

Marijuana Policy Changes

In the United States (US) and elsewhere, marijuana policy is rapidly evolving, with some
jurisdictions decriminalizing the possession of small quantities of cannabis, others allowing
use of marijuana for medical purposes, and still others fully legalizing the drug for adults
and regulating and taxing its sale. In 2012, ballot measures were approved in Colorado and
Washington State, with Colorado having implemented legal marijuana sales on January 1,
2014. In late 2013, Uruguay became the first country in the world to legalize the cultivation
and sale of marijuana at the national level. Large professional organizations, including the
American Academy of Pediatrics [6], the American Medical Association [7], the American
Society of Addiction Medicine [8], and the American Academy of Child and Adolescent
Psychiatry [9] all have policy statements identifying marijuana as a public health concern
and currently oppose further steps towards legalization.

Conversely, others have argued that the criminalization of young drug users is harmful for
the individual and for society. A recent report by the Annie E. Casey Foundation highlighted
that the average annual cost of incarceration in a juvenile corrections facility in the US
approaches $90,000 per youth, and that many of those jailed are disadvantaged adolescents
whose development, education and normal integration into society becomes permanently
disrupted [10]. In another recent report, the Global Commission on Drug Policy stressed that
youth worldwide are exposed to undue violence and corruption as a result of purchasing
marijuana on the black market [11]. In the case of full legalization and regulation of
marijuana, some have illustrated how taxes accrued from sales might be invested in
evidence-based drug prevention and treatment programs targeted at youth [12].

Regardless of possible benefits to society, the movement towards legalization should
carefully consider how more lenient policies might change the prevalence of adolescent
marijuana use and dependence. On the one hand, permissive marijuana policies may
increase availability and decrease the cost of marijuana, result in greater social acceptability
of its use, and reduce perceptions of its potential harmful effects [2, 13]. On the other hand,
steps towards legalization may not noticeably increase the prevalence of use of a drug as
widespread as marijuana that is already effectively decriminalized in many settings, as was
found in a recent epidemiologic study [14]. How newly instituted policies affect adolescent
marijuana use is likely to be an area of intense study in years to come.

Epidemiology of use

Marijuana is the most commonly used illicit drug in developed countries [2, 3, 15]. In the
US, three recurring surveys of the general adolescent population track youth marijuana use.
The 2013 Monitoring the Future survey of US middle and high school students demonstrates

Curr Opin Pediatr. Author manuscript; available in PMC 2015 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Hadland and Harris

Page 3

that youth marijuana use rates have risen in recent years even as alcohol and tobacco use
rates have declined [2]. The US Centers for Disease Control and Prevention 2011 Youth
Risk Behavior Surveillance System (YRBSS) highlights that approximately four in ten high
school students have used marijuana in their lifetime, with prevalence highest among males
and among black and Hispanic youth [1]. According to YRBSS, use begins early in
adolescence; by the 9t grade, one in three boys and one in four girls have used marijuana.
The 2012 US National Survey on Drug Use and Health (NSDUH), a household rather than
school-based survey, confirms that daily or near-daily use of marijuana has recently
increased among adolescents [3].

DRUG EFFECTS, DEPENDENCE AND WITHDRAWAL

Marijuana, derived from the plant Cannabis sativa and often referred to simply as ‘cannabis’
(with the terms “‘marijuana’ and ‘cannabis’ used interchangeably throughout the present
review), exerts its effects primarily through A-9-tetrahydrocannabinol (THC). A fat-soluble
compound, THC readily crosses the blood-brain barrier as well as the placenta [16]. Its
lipophilicity and accumulation in fat results in a long elimination half-life of several days to
one week. THC and its metabolites act on the body’s endogenous cannabinoid receptors,
present both in the central and peripheral nervous systems and critical to normal
neurodevelopment [17].

Marijuana is most commonly smoked but may also be ingested. The potency of THC in
marijuana preparations has more than doubled in the last two decades [18]. New delivery
systems similar to those used for e-cigarettes allow users to inhale vaporized plant material,
a process resulting in decreased inhalation of smoke byproducts [19]. The late 2000s saw the
emergence and increasing popularity of ‘synthetic cannabinoids’, designer drugs with
cannabinoid receptor agonists with effects similar to THC [15]. Synthetic cannabinoids are
often contained in herbal mixtures marketed as “Spice”, “K2”, or “Kronic”, and many have
been classified as Schedule I substances in the US [20].

Psychologic and physiologic effects

The acute effects of marijuana peak at 30 minutes after inhalation and one to six hours after
ingestion, lasting for two to four hours [21]. Psychologic effects of marijuana vary by
individual and by dose. Positive effects include relaxation, euphoria, heightened perception,
sociability, sensation of time slowing, increased appetite, and decreased pain. Negative
effects include paranoia, anxiety, irritability, impaired short-term memory, poor attention
and judgement, and hindered coordination and balance. Physiologically, marijuana causes
tachycardia of 20 to 50 beats per minute above baseline (an effect amplified by co-ingestion
with ethanol), elevated blood pressure, bronchial relaxation, dry mouth and throat, and
conjunctival injection [21, 22].

Cannabis dependence

In 2013, the Fifth Edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) combined previously separate cannabis abuse and dependence diagnoses into a
single “cannabis use disorder” [23]. Clinically, marijuana dependence remains an important
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concept, and is marked by loss of control and ongoing use despite physical, psychological or
social harms [4, 23]. Earlier age of onset of marijuana use is associated with greater
likelihood of dependence, occurring in approximately one in six adolescent users [24].
Recent data from the US Substance Abuse and Mental Health Services Administration
demonstrate that, second only to alcohol, marijuana accounts for the largest number of
adolescent admissions to substance use treatment programs [25].

Cannabis withdrawal syndrome

A “cannabis withdrawal syndrome” was added to the DSM-5 in 2013 [23]. Its features are
listed in Figure 1.

HEALTH OUTCOMES OF CHRONIC MARIJUANA USE

Respiratory

Establishing causal relationships between marijuana use and adverse health outcomes has
been difficult because most studies of marijuana users are observational studies, requiring
researchers to carefully consider the possibility of reverse causation and of confounding by
use of other drugs or alcohol [4]. Additionally, how “chronic” or “regular” marijuana use is
defined varies across studies. For the adolescent, it is often defined as near-daily use over
several years [2—4]. Because of inconsistencies across studies, there is no clear indication as
to whether a ‘safe’ amount of marijuana use exists for adolescents. The following text and
corresponding Table present the recent body of literature examining chronic marijuana use
and adverse associations.

Recent systematic reviews examining long-term effects on pulmonary function [26] and risk
of lung cancer [27] have not established a firm association of chronic marijuana use with
either outcome. Studies are variable in quality because associations are subject to
confounding by cigarette smoking. A recent large longitudinal study of young adults directly
compared marijuana and tobacco exposure and showed no effect of occasional marijuana
exposure on pulmonary function [28]. Nonetheless, marijuana smoke contains many of the
same irritants and carcinogens as cigarette smoke at similar or even higher concentrations
[29]. Clinicians may counsel that regular marijuana users are significantly more likely than
non-users to experience wheezing, cough, and mucous production [27].

Cardiovascular

Acutely, marijuana causes an increase in heart rate, but otherwise, chronic marijuana use is
not associated with adverse cardiovascular outcomes among healthy adolescents [30].
Studies considering associations between marijuana use and cardiovascular risk factors, such
as obesity, hypertension, hyperlipidemia, elevated fasting glucose levels, and insulin
resistance have been inconclusive, likely due to confounding comorbid behaviors such as
tobacco smoking [31]. However, clinicians should be aware that for adolescent patients with
risk factors for ischemic heart disease, marijuana use later in life may be harmful in light of
evidence showing elevated mortality among cannabis smokers who have had a prior
myocardial infarction [30, 32].
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A 2012 review by Gorzalka and colleagues summarizes the known effects of marijuana use
on the hypothalamic-pituitary-gonadal axis [33]. Among males, chronic marijuana use is
associated with a dose-related decrease in testosterone levels, and with erectile dysfunction
and oligospermia. Marijuana exerts direct effects on testicular Leydig cells, and inhibits the
release of luteinizing hormone (LH) from the pituitary and gonadotropin-releasing hormone
(GnRH) from the hypothalamus. An association between marijuana use and gynecomastia in
males has long been described but has not undergone rigorous study to date. Although
marijuana also suppresses LH and GnRH release among females, interactions between the
hypothalamus-pituitary-gonadal (HPG) axis in females are more complex and their clinical
implications less well understood. For both males and females, low doses of marijuana may
enhance sexual desire, but high doses tend to inhibit it, and may even prevent men from
reaching orgasm [34].

Gastrointestinal

The cannabis hyperemesis syndrome is a newly described clinical phenomenon. In a recent
case series, the largest to date on the topic, Simonetto and colleagues summarize this
syndrome in which frequent marijuana use results in nausea, vomiting, abdominal pain most
commonly epigastric in location, and occasionally diarrhea [35]. Symptoms are
characteristically relieved by hot showers or baths and are worse in the morning. Resolution
ultimately only occurs with cessation of use, usually several months after quitting. The
majority of patients with cannabis hyperemesis syndrome use marijuana at least daily, and
almost 95% of all patients use it at least weekly. Longer duration of marijuana is not
required for development of the syndrome; indeed, one-third of all patients have only used
marijuana for less than one year.

Neurocognitive

Heavy marijuana use is associated with short-term declines in attention, executive function
and memory [36]. Acute intoxication results in decreased coordination, distorted spatial
perception, and altered awareness of the passage of time, all of which may be detrimental to,
for example, the adolescent athlete [37]. Clinicians may counsel youth that many of the
above effects exhibit a “hangover’ period lasting at least one day and perhaps even several
days after last use, with some subtle effects evident even one month later [38]. In the acute
intoxication period, marijuana use clearly results in a near doubling of the odds of motor
vehicle accident and fatal collision [39], despite the belief among many youth that marijuana
does not impair driving abilities [40].

A recent prospective study by Meier and colleagues demonstrated that regular cannabis use
in adolescence was associated with an 8-point decline in intelligence quotient (1Q) measured
at 38 years of age in adulthood [41]. This effect persisted despite controlling for comorbid
drug and alcohol use, mental illness, and educational level. Among the adolescent cannabis
users, cessation of cannabis use was not associated with restored 1Q in adulthood, suggesting
that during this critical period of brain development, long-lasting and non-modifiable
changes may be taking place.
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Chronic marijuana users may exhibit reduced brain volume in memory centers such as the
hippocampus and amygdala [42, 43]. Cannabinoid receptors, which are intricately involved
in normal brain development, may mediate these long-term changes [17, 42]. Perhaps most
vulnerable to regular marijuana use is white matter, with functional imaging studies showing
impaired axonal connectivity that is worsened by earlier age at onset of use [43].

Of the associations of marijuana with mental health outcomes, the strongest is with
schizophrenia. A recent meta-analysis demonstrated that lifetime use of cannabis is
associated with a 41% increase in the odds of subsequent psychosis and that odds are even
greater odds among heavy users [44]. These data are supported by another recent
prospective cohort study [45]. Although marijuana use preceded the development of
symptoms of schizophrenia in the longitudinal studies conducted to date, an underlying
common cause leading to both use of marijuana and to subsequent psychosis is possible.

The evidence linking marijuana with depression and anxiety is conflicting. Two recent
systematic reviews both concluded that there was an association between heavy marijuana
use and depressive symptoms, but acknowledged that effects were reduced or eliminated
after adjusting for confounders [44, 46]. A recent longitudinal study of high school students
not included in these meta-analyses showed that heavy marijuana use preceded depression,
but not suicidal ideation or attempt [47]. One of the above two systematic reviews also
examined anxiety disorders and concluded that studies differed so greatly in methodology
and findings that further research was needed [44]. A more recent study following
adolescents into adulthood showed that those continuing daily use at age 29 years had nearly
triple the odds of an anxiety disorder [48].

Psychosocial

Studies examining educational outcomes among marijuana-using youth are hampered by
cross-sectional design and an inability to determine causality. These cross-sectional studies
note that marijuana use is associated with poor school performance, negative attitudes
toward school, and decreased high school completion [49]. A number of recent studies of
regular marijuana users have also shown poor employment outcomes [50-52].

A subject of great debate has been whether marijuana is a ‘gateway’ drug — that is, a drug
whose use causes youth to transition to ‘harder’ illicit drugs. Indeed, early studies
demonstrated that heavy marijuana users are more likely to use other illicit drugs later on
[53]. Although one explanation for this observation is that using marijuana makes
adolescents more inclined to use other drugs, alternative explanations have emerged. Most
plausible among these is that marijuana users, who in most jurisdictions are forced to buy
cannabis on the black market, are likely to be also offered opportunities to purchase other
illicit drugs at the point of sale [54]. Clinicians might consider counseling youth that black
market purchases of marijuana are likely to also offer opportunities to obtain other drugs
with potentially hazardous effects.
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SCREENING AND TREATMENT

Screening

Treatment

Given the high prevalence of marijuana use, efforts have been made to identify the subset of
youth who engage in problematic use. Although some adolescents may present with
symptoms of a cannabis use disorder, others may present with any of the adverse health
outcomes outlined above. For youth who present with symptoms of depression or anxiety,
clinicians should wait for four weeks of abstinence before diagnosing youth with a
psychiatric condition [21], since intoxication and withdrawal can both mimic symptoms of
depression or anxiety [23].

Clinicians should screen youth annually for use of marijuana and other substances [55]. A
simple 6-item instrument, the CRAFFT screen, has been validated among adolescents for
assessment of alcohol and drug use [56]. The instrument, shown in Figure 2, requires
straight-forward ‘yes/no’ responses and is developmentally appropriate for adolescents.

Adolescents who screen positive for marijuana use should receive a brief intervention, such
as brief patient-centered advice, from the clinician and/or referral to a drug treatment
program [57, 58]. Suggested statements for brief advice are shown in Figure 3. Of the
available referral-based treatment programs for adolescents, evidence most strongly supports
motivational enhancement therapy, cognitive-behavioral therapy, and contingency
management [59], with the highest abstinence rates when these approaches are combined
[60]. Unfortunately, across studies, abstinence is generally maintained at one year by only a
minority of youth [59].

Although medications are not currently standard of care for treatment of marijuana, a
growing evidence base supports pharmacologic therapy used with behavioral treatment.
Promising drugs include dronabinol (oral THC) used as maintenance therapy to reduce
withdrawal symptoms and craving [61]; buspirone, also commonly used for nicotine
addiction [62]; N-acetyl cysteine [63]; and gabapentin [64]. A recent trial examining the
selective serotonin reuptake inhibitor escitalopram showed no effect [65].

Barriers may prevent youth from accessing treatment, including lack of awareness of
available options, absence of youth-friendly programs, excessively long waiting lists, and
the perceived stigma of seeking treatment [66]. Novel approaches that preserve adolescent
autonomy and confidentiality show promise, such as self-guided Internet-based treatment
[67]. Future studies will likely combine behavioral approaches, medications and novel
delivery methods, and further delineate the most effective treatment regimens for
adolescents.

CONCLUSION

The adverse health effects associated with marijuana are myriad, and adolescents
demonstrate particular susceptibility to long-term neurocognitive and psychiatric changes
from chronic marijuana use. Despite the growing body of evidence showing potential harm
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to youth, an effective public health campaign similar to that of the anti-cigarette movement
has yet to emerge for marijuana. There is movement towards legalization of marijuana for
medical or recreational use in many North American and international settings. Clinicians
are in a unique position to at once understand the health ramifications as well as screen for
adolescent substance use. If marijuana becomes increasingly available to youth as a result of
drug policy changes, clinicians will inevitably play a critical role in identifying and helping
youth who engage in problematic use.
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— Occurs after frequent and heavy use of marijuana
— Up to 85% of heavy users may experience symptoms of withdrawal following cessation

— Adverse psychologic features include: anxiety, depressed mood, irritability, anger, insomnia,
vivid or and unpleasant dreams

— Adverse physiologic features include: gastrointestinal distress,decreased appetite, tremors,
diaphoresis, thermodysregulation, and headache

— Anxiety occurs almost immediately, but other symptoms peak approximately ten days after last
use

— Withdrawal symptoms may impair patients' daily activities and ultimately lead to relapse

* For further details, refer to References[21, 23].

FIGURE 1.
Features of the cannabis withdrawal syndrome*.
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(g)

Have you ever ridden in a car driven by someone (including yourself) who was “high” or had
been using alcohol or drugs?

Do you ever use alcohol or drugs to relax, feel better about yourself, or fit in?
Do you ever use alcohol or drugs while you are by yourself, alone?
Do you ever forget things you did while using alcohol or drugs?

Do your family or friends ever tell you that you should cut down on your drinking or drug use?

- m M >» X

Have you ever gotten into trouble while you were using alcohol or drugs?

Answering ‘yes’ to 2 or more questions has a sensitivity of 76% and specificity of 94% for identifying
problem use (i.e.,use associated with adverse consequences), including misuse of marijuana.
Positive and negative predictive values are 83% and 91%, respectively.

Reproduced with permission from [56], copyright John R. Knight, MD, Boston Children’s Hospital,
2014.

FIGURE 2.
The CRAFFT screen for assessing marijuana use among adolescents.
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— "As your doctor, | recommend you stop using marijuana.”
— "Smoking marijuana may affect your sports performance."

— "Marijuana directly affects your brain and can hurt your school performance
and your future."

— "Marijuana use can cause lifelong problems for some people."

— "Please don’t ever get in a car with someone who has been drinking or
using drugs."

— "Please don’t ever drive a car after using drugs, even if you don’t feel high."
— "Make arrangements ahead of time for safe transportation.”

— "Marijuana use can slowly get you into trouble — with your parents, at
school, or even with the police."

— "Marijuana might be laced with other drugs; you never really know what you
are getting."

— "Today’s marijuana contains much higher THC content than in the 1960s
and 1970s."

Statements adapted from [57].

FIGURE 3.
Sample statements of brief advice on marijuana reduction and cessation.
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