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ABSTRACT
The recent US Food and Drug Administration approval of the marijuana constituent cannabidiol as safe
and effective for treatment of 2 rare forms of epilepsy has raised hopes that others of the 500 chemicals in
marijuana will be found to be therapeutic. However, the long-term consequences of street marijuana use
are unclear, and recent studies raise red flags about its effects. Changes in brain maturation and intellectual
function, including decreases in intelligence quotient, have been noted in chronic users and appear permanent in early users in most but not all studies. These studies suggest that at a minimum, regular marijuana
use should be discouraged in individuals under the age of 21.
O 2018 Elsevier Inc. All rights reserved. •The American Journal of Medicine (2019) 132:281-285
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INTRODUCTION
The present epidemic of opioid addiction and the enthusiasm about marijuana use by advocates of its legalization may have diverted attention from its reported
adverse health effects. These include clinical studies
that demonstrate chronic marijuana use is associated
with long-term deleterious effects on cognition. Neuroscientists have been carefully pairing neurodiagnostic
tools with newer neuroimaging technologies to understand the relationships between the human brain endocannabinoid system and the effects on the system by
exogenous cannabinoids, including the major psychoactive cannabinoid from marijuana, tetrahydrocannabinol
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(THC). Meta-analyses support observations that when
compared with nonusers, regular users of marijuana
have diminished executive function, attention, learning,
memory, and motor skills that persist for varying times
after abstinence occurs.Z'~~ Combined structural and functional imaging show that morphological brain alterations
in the medial temporal and frontal cortex and cerebellum are likely related to the degree of cannabis use.
Even more troubling data suggest that when marijuana
use begins prior to completion of brain maturation,
changes in brain structure and function may persist. If
substantiated, these findings have major medical and
social implications.

MARIJUANA USE AND EFFECTS ON BRAIN
MATURATION, STRUCTURE, AND FUNCTION
Marijuana use starts early in Americans and is the most
commonly used illicit drug in Americans 12 years of age
and older."°~' Seven percent of 8th graders, 15% of 10th
graders, and 21% of 12th graders report the use of marijuana in the last month.`' Of adolescent users, 2.7% meet
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adulthood as compared with nonusers. The authors concriteria for addiction (cannabis use disorder), as compared
cluded that there is a "neurotoxic effect of cannabis on the
with 4.9% of young adult users. Lifetime marijuana use
adolescent brain" that demonstrates "the importance of prereported in 2016 averaged 15% ages 12-17, 52% ages 18vention and policy efforts targeting adolescent use of
25, 46% ages 26-65, and 22% ages 65 years and older.~
marijuana." ~`''
Few Americans believe that regular cannabis use is harmful
A probable explanation for these neuropsychological
to health, and legalization of marijuana in 29 states and the
findings exists in the biology of brain development. NeuroDistrict of Columbia has increased the public's interest in
imaging and neurodiagnostic testing performed in tandem
its possible benefits.~''~
show that brain maturation persists
Regular use of marijuana is alsothroughout the adolescent and
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tional neurologic decline was disproportionately greater in
regions of the cerebral cortex and between the brain and
those who began cannabis use as adolescents than in those
structures below it, including the midbrain and spinal cord.
who begin use as adults. `' One thousand thirty-seven indiThese cortico-cortical and cortico-subcortical pathways
viduals in a prospective birth cohort were followed from
facilitate cognitive and motor functions.
birth to 38 years old. The presence of cannabis use was
Structural differences are present in the brains of
determined from interviews of the participants at ages 18,
21, 26, 32, and 38 years, and neuropsychological testing
adolescents who are chronic marijuana users when compared with nonusers.2~ White matter, gray matter, the
was conducted at age 13, prior to cannabis use, and again at
limbic system, and the cerebellum all showed abnormalage 38 after patterns of cannabis use had been established.
Statistical methods corrected for possible confounders.
ities with cannabis use. These findings were summarized
Regular use was associated with decline across all neuroas, "Cannabis users show thicker cortices in the left
psychological domains as demonstrated by comprehensive
entorhinal cortex and thinner temporal lobes and frontal
neuropsychological testing. Adverse effects on executive
cortex-volume changes in the cortex, prefrontal cortex,
function, memory, and verbal deficits were consistent
parietal cortex, amygdala, and hippocampus." These
among users across the cohort, but worse in those who
same cannabis users performed less well "in tasks
began use of cannabis as adolescents when compared with
requiring attention, memory, processing speed, visuospaadults, and greater functional decline was associated with
tial functioning, and executive function."~'-~ Thus, the
more persistent use. Unfortunately, cessation of cannabis
abnormalities noted in neuropsychological testing in
use did not fully restore the diminished neuropsychological
adolescents who regularly smoke marijuana appear to
functioning present in those who began use prior to
correlate with abnormalities in functional brain imaging
age 21. Those findings persisted thereafter, with an average
in areas of the brain normally facilitating them. These
6-point decrease in intelligence quotient from childhood to
findings are also present in animal models of chronic
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cannabis exposure where changes in both brain structure
and function are present and correlate with age and
duration of exposure.'''

INCREASING POTENCY OF STREET AND
SYNTHETIC MARIJUANA
Over 120 of the 500 chemicals in marijuana are psychoactive compounds, termed cannabinoids~~''~~` The National
Center for Natural Products at the University of Mississippi
campus in Oxford, Mississippi provides standardized plant
marijuana for research and assays for THC content of street
marijuana to the US government. Studies there show that
marijuana growers have produced marijuana with increasing
concentrations of cannabinoids that are rapidly absorbed.~'~
Street marijuana now exceeds 10% THC on average, but
illicit extracts of cannabis like hash oil have much higher
THC content and cannabis concentrated extracts may contain up to 80% THC. Hashish, a paste made from cannabis
flowers contains about 4 times the content of THC in street
marijuana. With combustion, the chemicals in cannabis
undergo pyrolysis and hundreds of new chemicals are generated.`f' The vaping of marijuana oil or waxes using e-cigarettes and other devices results in inhalation of even higher
concentrations of cannabinoids than produced by smoking.
Urine assays for the THC become positive and mild impairments on tests of motor function occur in nonsmokers confined to areas of marijuana smoking, a daunting problem in
pregnant females and families with children.z~
THC binds to, and is a partial agonist of, both CB1 and
CB2 cannabinoid receptors. The CBl cannabinoid receptors are localized in the cortex, motor system, limbic system, and hippocampus are active in the "brain reward
system," also known as the "dopaminergic mesolimbic
brain circuit," and enhance the release of presynaptic dopamine. This circuit appears to mediate the pleasant effects of
drugs of abuse. Chronic use of marijuana downregulates
CB1 receptors, requiring higher doses for effect, and abstinence from chronic use leads to CB1 receptor upregulation
and withdrawal symptoms.''`
Marijuana users experience "mild euphoria, relaxation,
and perceptual alterations, including time distortion, and
intensification of ordinary experiences such as hunger, eating, and listening to music."~z ~ Some also experience dysphoria, anxiety, or paranoia, especially with synthetic
cannabinoids like herbal incense and spice and synthetic
cathinones like bath salts. They are direct agonists with a
high affinity for the CB1 receptor, probably explaining their
extreme toxicity.
The human brain produces endogenous brain endocannabinoids that modulate pain through interaction with its
cannabinoid receptors at sites receiving impulses from
peripheral sensory nerve endings. They have analgesic
effects as well as effects on appetite, nausea, behavior, and
memory. Most available information about mammalian
endocannabinoids comes from animal studies.2`'~'
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IS THERE SPECIAL NEED FOR MARIJUANA
AVOIDANCE EFFORTS?
Meier and colleagues`' have concluded that "Increasing
efforts should be directed toward delaying the onset. of cannabis use by young people, particularly given the recent
trend of younger ages of cannabis-use initiation in the
United States. Although there are potential pitfalls in any
complex research, their findings are supported by other
clinical~;~~"`'`' and basic studies.?~'~ Two twin studies of marijuana use were unable to confirm adverse effects of marijuana use on intelligence. 39°~`} Marijuana use in adolescents
has been associated with not only cognitive effects, but
with an increased incidence of psychosis that persists into
adulthood and an increased risk of clinical depression after
the age of 17. ~ ~'``~

WHAT NEXT?
With this information in mind, what should be done? The
National Institutes of Health has funded the Adolescent
Brain Cognitive Development (ABCD) Study and awarded
13 grants to perform a prospective 10-year longitudinal
evaluation of 10,000 9-10-year-olds in the US. Data to be
collected include psychometric and psychosocial assessments, brain imaging and academic performance, genetic
testing, and substance use data.'"~'~ When completed, data
will become available on the effects of marijuana and other
substance use in a cohort of users and nonusers large
enough to address possible pitfalls in smaller studies. This
is important as, contrary to findings in youth, 2 systematic
reviews on the effects of marijuana on cognition in adult
users suggest that there is at least some recovery of cognitive defects after cessation of chronic marijuana use.a~z.a5
Delayed effects of marijuana, to include dementia syndromes in adults, have not been reported.
Until more data on the adverse effects of chronic marijuana use are available, the information here supports advocacy by physicians against regular marijuana use in
individuals younger than 21. How to go about such advocacy is a conundrum. There is a developing consensus
among physician groups that screening individuals as an
index to detect marijuana use and some form of intervention is optimal. Because many young people regularly see
physicians, physician-initiated screenings could provide the
opportunity for information sharing about marijuana use
and referral to mental health professionals for therapy of
cannabis use disorder. Rate-limiting steps in accomplishing
these recommendations include parental consent for younger patients, confidentiality and ethical considerations, the
availability of in-clinic resources to perform screenings and
substance abuse education, reimbursement for services, and
the limited availability of referral sources for mental health
consultation and treatment. Moreover, there are inadequate
data to define who should be referred or the effectiveness of
referral and treatment in young people.
A structured, evidence-based patient screen for substance use is available as the "Screening Brief Intervention
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and Referral to Treatment' (SBIRT).°f' A SBIRT adaptation
for adolescents has been endorsed by the American Academy of Pediatrics, the National Institute on Drug Abuse,
and the American Medical Association, among many
others. The screen includes questions on alcohol and drug
use and the option for a brief intervention based on Motivational Interviewing. Adaptations incorporate nonphysician
caregivers into the assessment process, and software
embedded into ambulatory clinic registration.
What about drug testing? Many school athletic programs
now require parental permission for drug screening as a
prerequisite for participation in sports, as do many employers in adult work environments. Drug testing could be considered avoluntary component of routine preventive health
evaluations for students from middle school forward or as
part of the state driver's licensure process. What to do for
those who test positive is unclear.
A rate-limiting factor in basic and clinical research with
cannabis is the ability to obtain approval for use of standardized marijuana under protocol for research. Some solution to the problem of access to marijuana for scientific
research is overdue.~~'
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