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Course Syllabus

Course Description: This online text-based course covers the comprehensive report on marijuana
developed by the National Institute on Drug Abuse (NIDA). First is a discussion of marijuana use
in the United States, its effects on individual physical and mental health and social functioning.
The impact on others, including the use of marijuana while pregnant, and the medicinal effects
of marijuana are covered as well. The course concludes with an overview of marijuana use
disorders and available treatment options. References and link to additional sources are
included.

Course Objectives (Learning Outcomes): By successfully completing this course, the learner will be able to:

1. Discuss the scope of marijuana use in the United States
2. Discuss the physical health, mental health, and social impacts of marijuana use.
3. Identify available treatments for marijuana use disorders.

Course Category: Disorders, Symptoms, and Populations

Course Materials: CustomCE Course 10024.pdf

Credits: 1.0

Fees: $10.00 to register for CE Credit (Must pass Course Quiz to earn credit). Refund Policy.

Last Revision: July, 2018

Audience and Course Level: This course is appropriate for Psychologists, Mental Health Counselors, Social
Workers, Marriage and Family Therapists, and Substance Abuse Professionals who perform or plan to work with
individuals using or abusing marijuana. The course level is considered introductory since it provides and overview

of marijuana and no prerequisite knowledge or training is required.

Course Utility and Potential Risks/Conflicts: The utility of this course lies in helping professionals understand the
use, abuse, and impact of marijuana as well as treatment options available for marijuana use disorders.

Course Instructors: This course was developed by Chris Heffner, PhD, PsyD.
Course Materials: Materials for this course are provided by the National Institute on Drug Abuse.
Publication Date: 2018

Format: PDF (CustomCE Course 10024.pdf).

Technical Requirements: Internet Access for Course Quiz, PDF Viewer (e.g., Acrobat Reader) for Course Materials.
Additional Requirements: None

Suggested Prerequisites: None
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Letter From the Director

Changes in marijuana policies across states legalizing marijuana for medical
and/or recreational use suggest that marijuanais gaining greater acceptance in
oursociety.Thus,itisparticularlyimportantforpeopletounderstandwhatis
known about both the adverse health effects and the potential therapeutic
benefits linked to marijuana.

Becausemarijuanaimpairs short-termmemoryand judgmentand distorts
perception, it can impair performance in school or at work and make it
dangerous todrive.ltalso affects brain systems that are still maturing through
young adulthood, so regular use by teens may have negative and long-lasting
effects on their cognitive development, putting them at a competitive
disadvantage and possibly interfering with their well-being in other ways. Also,
contrary to popular belief, marijuana can be addictive, and its use during
adolescence maymakeotherformsofproblemuseoraddictionmorelikely.



Whether smoking or otherwise consuming marijuana has therapeutic benefits
that outweigh its health risks is still an open question that science has not
resolved. Although many states now permit dispensing marijuana for medicinal
purposes and there is mounting anecdotal evidence for the efficacy of
marijuana-derived compounds, the U.S. Food and Drug Administration has not
approved "medical marijuana.” However, safe medicines based on cannabinoid
chemicals derived from the marijuana plant have been available for decades
and more are being developed.

This Research Reportisintended as a useful summary of what the most up-to-
datesciencehastosayaboutmarijuanaandits effectsonthosewho useitat
any age.

Nora D. Volkow, M.D.
Director

National Institute on Drug Abuse

See Also:

e Message from the NIDA Director - Marijuana’s Lasting Effects on the Brain,
(March 2013)



https://www.drugabuse.gov/node/4186

What is marijuana?

Marijuana—alsocalledweed, herb, pot,grass,bud,ganja, MaryJane,anda vast

number of other slang terms—is a greenish-gray mixture of the

dried flowers of Cannabis sativa. Some people smoke marijuana in hand-rolled
cigarettes called joints; in pipes, water pipes (sometimes called bongs), or
in blunts (marijuanarolled in cigar wraps)+ Marijuana can also be used to brew
teaand, particularlywhenitissold orconsumed formedicinal purposes,is
frequentlymixedintofoods (edibles)suchasbrownies,cookies,orcandies.
Vaporizers are also increasingly used to consume marijuana. Stronger forms of
marijuana include sinsemilla (from specially tended female plants) and
concentrated resins containing high doses of marijuana’s active ingredients,
including honeylike hash oil, waxy budder, and hard amberlike shatter. These
resins are increasingly popular among those who use them both recreationally
and medically.


http://istockpho.to/2jZPXgq
https://www.drugabuse.gov/publications/research-reports/marijuana/references

The main psychoactive (mind-altering) chemical in marijuana, responsible formost of
theintoxicating effectsthatpeople seek, is delta-9-tetrahydrocannabinol (THC). The
chemical is found in resin produced by the leaves and buds primarily ofthefemale
cannabis plant. Theplantalso contains morethan 500 other chemicals, including

more than 100 compounds that are chemically related to THC, called
cannabinoids.?


https://www.drugabuse.gov/publications/research-reports/marijuana/references

What is the scope of marijuana use in

the United States?

Marijuanais the mostcommonly used illicitdrug (22.2 million people have used
itinthe pastmonth)according tothe 2015 National Survey on Drug Use and
Health.2Itsuseis more prevalentamong menthanwomen—agender gap that
widened in the years 2007 to2014.%

Marijuana useis widespread among adolescents and young adults. According
to the Monitoring the Future survey—an annual survey of drug use and attitudes
among the Nation’s middle and high school students—most measures of
marijuanauseby 8th,10th,and 12th graders peaked in the mid-to-late 1990s
and then began a period of gradual decline through the mid-2000s before
levelling off. Mostmeasures showed somedeclineagaininthepast5years.
Teens’ perceptions of therisks of marijuana use have steadily declined over the
pastdecade,possiblyrelatedtoincreasingpublicdebateaboutlegalizing or
loosening restrictions on marijuana for medicinal and recreational use. In 2016,
9.4 percentof8th gradersreported marijuanauseinthe pastyearand 5.4
percentin the past month (currentuse). Among 10th graders, 23.9 percent had
used marijuanainthepastyearand 14.0 percentinthe pastmonth. Rates of
useamong 12th graderswere higherstill: 35.6 percenthad used marijuana
duringtheyearpriortothesurveyand 22.5percentusedinthepastmonth;6.0

percent said they used marijuana daily or near-daily.®

Medicalemergenciespossiblyrelatedtomarijuanausehavealsoincreased.
The Drug Abuse Warning Network (DAWN), a system for monitoring the health
impact of drugs, estimated thatin 2011, there were nearly 456,000 drug-related
emergencydepartmentvisitsintheUnited Statesinwhichmarijuanausewas
mentionedinthemedicalrecord(a2lpercentincreaseover2009). Abouttwo-
thirds of patientswere male and 13 percentwere between theagesof12and
17.81t is unknown whether this increase is due to increased use,

increased potency of marijuana (amount of THC it contains), or other factors. It
should be noted, however, that mentions of marijuana in medical records do not
necessarily indicate that these emergencies were directly related to marijuana


https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/related-topics/trends-statistics/monitoring-future
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references

intoxication.



What are marijuana effects?

When marijuanais smoked, THC and other chemicals in the plant pass from the
lungsinto the bloodstream, which rapidly carries them throughout the body to
thebrain. Thepersonbeginstoexperience effectsalmostimmediately (see
"How does marijuana produce its effects?"). Many people experience a
pleasanteuphoriaand senseofrelaxation.Othercommoneffects,which may
vary dramatically among different people, include heightened sensory
perception (e.g., brighter colors), laughter, altered perception of time, and
increased appetite.

Ifmarijuanaisconsumedinfoodsorbeverages,theseeffectsaresomewhat
delayed—usually appearing after 30 minutes to 1 hour—because the drug must
first pass through the digestive system. Eating or drinking marijuana delivers
significantly less THC into the bloodstream than smoking an equivalentamount
ofthe plant. Because of the delayed effects, people may inadvertently consume
more THC than they intend to.

Pleasantexperienceswithmarijuanaarebyno meansuniversal.Instead of
relaxationand euphoria,somepeopleexperienceanxiety,fear,distrust,or
panic. These effectsare morecommonwhen aperson takestoo much,the
marijuana has an unexpectedly high potency, or the person isinexperienced.
Peoplewho havetakenlargedoses of marijuanamay experience an acute
psychosis,whichincludes hallucinations,delusions,and aloss of the sense of
personal identity. These unpleasant but temporary reactions are distinct from
longer-lasting psychotic disorders, such as schizophrenia, that may be
associated with the use of marijuanain vulnerable individuals. (See "Is there a
link between marijuana use and psychiatric disorders?")

Althoughdetectableamountsof THC mayremaininthebodyfordaysoreven
weeks after use, the noticeable effects of smoked marijuana generally lastfrom
1to3hours,and those of marijuanaconsumed infood ordrink may lastfor
many hours.


https://www.drugabuse.gov/publications/research-reports/marijuana/how-does-marijuana-produce-its-effects
https://www.drugabuse.gov/publications/research-reports/marijuana/there-link-between-marijuana-use-mental-illness
https://www.drugabuse.gov/publications/research-reports/marijuana/there-link-between-marijuana-use-mental-illness
https://www.drugabuse.gov/publications/research-reports/marijuana/there-link-between-marijuana-use-mental-illness

How does marijuana produce its effects?

Brain's Chemical

Anandamide

THC’s chemical structure is similar to the brain chemical anandamide. Similarity
in structure allows the body to recognize THC and to alter normal brain
communication.

Endogenous cannabinoids such as anandamide (see figure) function as
neurotransmitters because they send chemical messages between nerve cells
(neurons)throughoutthe nervous system. They affect brain areas thatinfluence
pleasure, memory, thinking, concentration, movement, coordination, and
sensory and time perception. Because of this similarity, THC is able to attach to
moleculescalledcannabinoidreceptorsonneuronsinthesebrainareasand
activate them, disrupting various mental and physical functions and causing the
effects described earlier. The neural communication network that uses these
cannabinoid neurotransmitters,known as theendocannabinoid system, plays a
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criticalrolein the nervous system’s normal functioning, so interfering with itcan
have profound effects.

For example, THC is able to alter the functioning of the hippocampus (see
"Marijuana, Memory,andtheHippocampus")and orbitofrontal cortex, brain
areas thatenable a person to form new memories and shift his or her attentional
focus.As aresult,using marijuana causes impaired thinking and interferes with
aperson’sabilitytolearnand performcomplicated tasks. THCalso disrupts
functioning of the cerebellum and basal ganglia, brain areas that regulate
balance,posture,coordination,and reactiontime.Thisisthereasonpeople
who haveused marijuanamaynotbeabletodrive safely (see"Does marijuana

useaffectdriving?")and mayhave problems playing sports orengaging in
other physical activities.

Peoplewho havetakenlargedosesofthedrug mayexperienceanacute
psychosis,whichincludeshallucinations,delusions,andalossofthe
sense of personal identity.

THC,actingthrough cannabinoid receptors,also activatesthebrain’sreward

system,whichincludesregions thatgoverntheresponseto healthy pleasurable
behaviorssuchassexandeating.Likemostotherdrugsthatpeople misuse,

THC stimulates neurons in the reward system to release the signaling chemical
dopamine atlevels higher thantypically observed in responseto natural stimuli.
This flood of dopamine contributes to the pleasurable "high" thatthose use who
recreational marijuana seek.



https://www.drugabuse.gov/publications/research-reports/marijuana/how-does-marijuana-use-affect-your-brain-body#hippofigure
https://www.drugabuse.gov/publications/research-reports/marijuana/does-marijuana-use-affect-driving
https://www.drugabuse.gov/publications/research-reports/marijuana/does-marijuana-use-affect-driving
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Marijuana’s Effects on the Brain
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Does marijuana use affect driving?

Marijuanasignificantlyimpairs judgment, motorcoordination,and reaction time,
and studies have found adirectrelationship between blood THC concentration
and impaired driving ability.”=>

Marijuanaistheillicitdrugmostfrequentlyfoundinthebloodofdriverswho
have been involved in vehicle crashes, including fatal ones.2® Two large
European studies found thatdrivers with THC in their blood were roughly twice
aslikelytobeculpableforafatalcrashthandriverswhohadnotuseddrugsor
alcohol.2*2 However, therole played by marijuanain crashes is often unclear
because it can be detected in body fluids for days or even weeks after
intoxicationand becausepeoplefrequentlycombineitwithalcohol.Those
involved in vehicle crashes with THC in their blood, particularly higher levels,
arethreetoseventimes morelikelytoberesponsiblefortheincidentthan
driverswho had notused drugs or alcohol. Therisk associated with marijuana
incombinationwithalcoholappearstobegreaterthanthatforeitherdrugby
itself-®


http://istockpho.to/2kfitbe
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
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Several meta-analyses of multiple studies found that therisk of being involved
in acrash significantly increased after marijuana uset®*—in a few cases, the risk
doubled or more than doubled.14=18 However, a large case-control study
conducted bythe National Highway Traffic Safety Administration found no
significantincreased crashriskattributabletocannabis aftercontrolling for
drivers’ age, gender, race, and presence of alcohol.1?


https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
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Is marijuana addictive?

Marijuana use can lead to the development of problem use, known as a
marijuanausedisorder,which takestheformofaddictionin severe cases.
Recentdatasuggestthat 30 percentofthosewho use marijuanamay have
some degree of marijuana use disorder.18 People who begin using marijuana
beforetheageofl8arefourtoseventimesmorelikelytodevelopamarijuana
use disorder than adults.12

Marijuana use disorders are often associated with dependence—in which a
person feels withdrawal symptoms when not taking the drug. People who use
marijuana frequently often report irritability, mood and sleep difficulties,
decreased appetite, cravings, restlessness, and/or various forms of physical
discomfort that peak within the first week after quitting and last up to 2
weeks.2%21 Marijuana dependence occurs when the brain adapts to large
amounts of the drug by reducing production of and sensitivity to its own
endocannabinoid neurotransmitters.22.23

Marijuana usedisorder becomes addiction when the person cannot stop using
the drug even though itinterferes with many aspects of his or her life. Estimates
of the number of people addicted to marijuana are controversial, in part
because epidemiological studies of substance use often use dependence as a
proxyforaddictioneventhoughitispossibletobedependentwithoutbeing
addicted.Thosestudiessuggestthat9percentofpeoplewhousemarijuana
willbecomedependentonit,2:23risingtoabout17percentinthosewho start
using in their teens.28:27

In 2015, about 4.0 million people in the United States met the diagnostic criteria
for a marijuana use disorder;3 138,000 voluntarily sought treatment for their
marijuana use.28


https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
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Rising Potency

Marijuana potency, as detected in confiscated samples, has steadily
increased overthepastfew decades-2Inthe early 1990s, the average THC
content in confiscated marijuana samples was roughly 3.8 percent. In
2014, itwas 12.2 percent. The average marijuanaextractcontains more
than 50 percent THC, with some samples exceeding 80 percent. These
trendsraiseconcernsthattheconsequences ofmarijuanausecouldbe
worsethaninthepast,particularlyamongthosewhoarenewtomarijuana
useorinyoungpeople,whosebrains arestilldeveloping (see"Whatare
marijuana’s long-term effects on the brain?").

Researchers do not yet know the full extent of the consequences when the
body and brain (especially the developing brain) are exposed to high
concentrations of THC or whether the recent increases in emergency
departmentvisitsbypeopletesting positiveformarijuanaarerelatedto
rising potency. The extentto which people adjust forincreased potency by
usinglessorbysmokingitdifferentlyisalsounknown.Recentstudies
suggest that experienced people may adjust the amount they smoke and
how muchtheyinhale based onthebelieved strength ofthe marijuana
theyareusing,buttheyarenotabletofullycompensateforvariationsin

potency.3%:31



https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/how-does-marijuana-use-affect-your-brain-body
https://www.drugabuse.gov/publications/research-reports/marijuana/how-does-marijuana-use-affect-your-brain-body
https://www.drugabuse.gov/publications/research-reports/marijuana/references
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What are marijuana's long-term

effects on the brain?

Substantial evidence from animal research and agrowing number of studies in
humans indicate that marijuana exposure during development can cause long-
term or possibly permanent adverse changes in the brain. Rats exposed to THC
before birth, soon after birth, or during adolescence show notable problems with
specificlearningand memorytaskslaterinlife.22=24Cognitiveimpairmentsin
adultratsexposedto THCduring adolescenceareassociatedwith structural
and functional changes in the hippocampus.22=3/ Studies in rats also show that
adolescent exposure to THC is associated with an altered reward system,
increasingthelikelihoodthatananimalwill self-administerotherdrugs (e.g.,
heroin)when given an opportunity (see"Is marijuanaagateway drug?").

Imaging studies of marijuana’s impacton brain structurein humans have shown
conflicting results. Some studies suggestregular marijuanausein adolescence
isassociatedwith altered connectivityand reduced volume ofspecific brain
regions involved in a broad range of executive functions such as memory,
learning,andimpulsecontrolcompared topeoplewho do notuse.28220ther
studies have not found significant structural differences between the brains of
people who do and do not use the drug.42

Several studies,including two largelongitudinal studies, suggestthatmarijuana
usecancausefunctionalimpairmentincognitiveabilitiesbutthatthedegree
and/orduration oftheimpairmentdepends ontheagewhenapersonbegan
using and how much and how long he or she used.2

Among nearly 4,000 young adults in the Coronary Artery Risk Developmentin
Young Adults study tracked over a 25-year period until mid-adulthood,
cumulative lifetime exposure to marijuanawas associated with lower scores on
atestofverbal memorybutdid notaffectother cognitive abilities such as
processing speed or executive function. The effect was sizeable and significant
even aftereliminating thoseinvolved with currentuseand afteradjusting for
confounding factors such as demographic factors, other drug and alcohol use,


https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/marijuana/marijuana-gateway-drug
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
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and other psychiatric conditions such as depression.22


https://www.drugabuse.gov/publications/research-reports/marijuana/references
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Alarge longitudinal study in New Zealand found that persistent marijuana use
disorder with frequent use starting in adolescence was associated with aloss of
an average of 6 or up to 8 IQ points measured in mid-adulthood.22 Significantly,
in that study, those who used marijuana heavily as teenagers and quit using as
adults did not recover the lost IQ points. People who only began using
marijuanaheavilyinadulthood did notloselQpoints. Theseresults suggest
thatmarijuanahasits strongestlong-termimpactonyoung peoplewhose
brains are still busy building new connections and maturing in other ways. The
endocannabinoid system is known to play an important role in the proper
formation of synapses (the connections between neurons) during early brain
development, and a similar role has been proposed for the refinement of neural
connections during adolescence. If the long-term effects of marijuana use on
cognitive functioning or IQ are upheld by future research, this may be one
avenuebywhichmarijuanauseduringadolescenceproducesitslong-term
effects.24

However, recentresults from two prospective longitudinal twin studies did not
supportacausalrelationship between marijuanauseandIQloss.Thosewho
usedmarijuanadidshowasignificantdeclineinverbal ability (equivalentto4
IQpoints)andingeneral knowledge between the preteen years (ages9to 12,
beforeuse)andlateadolescence/early adulthood (ages 17to 20). However, at
the start of the study, those who would use in the future already had lower
scoresonthesemeasuresthanthosewhowould notuseinthefuture,and no
predictable difference was found between twins when one used marijuana and
one did not. This suggests that observed IQ declines, at least across
adolescence,maybecausedbysharedfamilial factors (e.g.,genetics, family
environment),notby marijuanauseitself.22Itshould be noted, though, that
thesestudieswereshorterindurationthanthe New Zealand studyand did not
explore the impact of the dose of marijuana (i.e., heavy use) or the development
of acannabis use disorder; this may have masked a dose- or diagnosis-
dependent effect.

The ability todraw definitive conclusions about marijuana’s long-termimpacton
the human brain from past studies is often limited by the fact that study
participantsusemultiplesubstances,andthereisoftenlimited dataaboutthe
participants’ health or mental functioning prior to the study. Over the next
decade, the National Institutes of Health is funding the Adolescent Brain



https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/related-topics/adolescent-brain/longitudinal-study-adolescent-brain-cognitive-development-abcd-study
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Cognitive Development (ABCD) study—a major longitudinal study that will track
a large sample of young Americans from late childhood (before first use of
drugs) to early adulthood. The study will use neuroimaging and other advanced
tools to clarify precisely how and to what extent marijuana and other
substances, alone and in combination, affect adolescent brain development.

Marijuana, Memory, and theHippocampus

Cerebral  Hippocampus Cerebellum
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Distribution of cannabinoid receptorsin theratbrain. Brain image reveals high
levels (shown in orange and yellow) of cannabinoid receptors in many areas,
including thecortex,hippocampus,cerebellum,and nucleusaccumbens
(ventral striatum).

Memoryimpairmentfrommarijuanauseoccursbecause THCaltershow the
hippocampus, a brain area responsible for memory formation, processes
information. Most of the evidence supporting this assertion comes from animal
studies.Forexample,ratsexposedto THCinutero,soon afterbirth,orduring
adolescence,show notable problems with specific learning/memory tasks later
inlife. Moreover, cognitive impairmentin adultratsis associated with structural
and functional changes in the hippocampus from THC exposure during
adolescence.


https://www.drugabuse.gov/related-topics/adolescent-brain/longitudinal-study-adolescent-brain-cognitive-development-abcd-study
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Aspeopleage,theyloseneuronsinthehippocampus,whichdecreasestheir
ability to learn new information. Chronic THC exposure may hasten age-related
loss of hippocampal neurons. In one study, rats exposed to THC every day for 8
months (approximately 30 percent of their lifespan) showed alevel of nerve cell

lossat11ltol2monthsofagethatequaledthatofunexposed animalstwice
their age.
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Is marijuana a gateway drug?

Some research suggests that marijuana use is likely to precede use of other licit
and illicit substances#€ and the development of addiction to other substances.
Forinstance,astudy using longitudinal datafrom the National Epidemiological
Study of Alcohol Useand Related Disorders found thatadultswho reported
marijuanauseduringthefirstwaveofthesurveyweremorelikelythanadults
whodidnotusemarijuanatodevelop analcoholusedisorderwithin 3years;
peoplewhoused marijuanaand already had an alcohol usedisorder atthe
outset were at greater risk of their alcohol use disorder worsening.4Z Marijuana
useisalsolinked toother substance usedisordersincluding nicotine addiction.

Early exposure to cannabinoids in adolescent rodents decreases the reactivity
ofbraindopaminereward centerslaterinadulthood.28Totheextentthatthese
findings generalize to humans, this could help explain the increased
vulnerabilityforaddictiontoothersubstances ofmisuselaterinlifethatmost
epidemiological studies havereported forpeoplewho begin marijuanause
early in life. 221t is also consistent with animal experiments showing THC’s
ability to "prime" the brain for enhanced responses to other drugs.22 For
example, rats previously administered THC show heightened behavioral
response not only when further exposed to THC but also when exposed to other
drugs such as morphine—aphenomenon called cross-sensitization.2t

These findings are consistent with the idea of marijuana as a"gateway drug."
However,themajority ofpeoplewhousemarijuanadonotgoontouseother,
"harder" substances.Also,cross-sensitizationisnotuniquetomarijuana.
Alcoholandnicotinealso primethebrainforaheightened responsetoother
drugs22and are, like marijuana, also typically used before a person progresses
to other, more harmful substances.

Itisimportant to note that other factors besides biological mechanisms, such as
aperson’ssocialenvironment,arealsocriticalinaperson’sriskfordruguse.
An alternative to the gateway-drug hypothesisis thatpeople who are more
vulnerabletodrug-takingaresimplymorelikelytostartwithreadily available
substances such as marijuana,tobacco, oralcohol,and their subsequent social


https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/references
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interactions with otherswho usedrugsincreases their chances oftrying other
drugs. Further research is needed to explore this question.
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How does marijuana use affect

school, work, and social life?

Research hasshownthatmarijuana’snegativeeffectsonattention,memory,
andlearning canlastfordays orweeks aftertheacute effectsofthedrugwear
off, depending on the person’s history with the drug.2 Consequently, someone
who smokes marijuana daily may be functioning atareduced intellectual level
mostorall ofthetime.Considerable evidence suggests thatstudentswho
smoke marijuana have poorer educational outcomes than their nonsmoking
peers.Forexample,areview of48relevantstudies found marijuanausetobe
associated with reduced educational attainment (i.e., reduced chances of
graduating).2 Arecent analysis using data from three large studies in Australia
and New Zealand foundthatadolescentswhoused marijuanaregularlywere
significantly lesslikely thantheirnon-using peerstofinish high school or obtain
adegree.Theyalso had amuchhigherchance ofdeveloping dependence,
using other drugs, and attempting suicide.® Several studies have also linked
heavy marijuana use to lower income, greater welfare dependence,
unemployment, criminal behavior, and lower life satisfaction.2%=*
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Towhat degree marijuana use is directly causal in these associations remains
anopenquestionrequiring furtherresearch.lItispossiblethatotherfactors
independently predispose people to both marijuana use and various negative
lifeoutcomessuchasschooldropout.28Thatsaid,peoplereportaperceived
influence of their marijuana use on poor outcomes on a variety of life
satisfactionand achievementmeasures.Onestudy,forexample,compared
peopleinvolved with current and former long-term, heavy use of marijuana with
acontrol group who reported smoking marijuana atleastonce in their lives but
notmorethan 50times.22 All participants had similareducation andincome
backgrounds, but significant differences were found in their educational
attainment: Fewer ofthosewho engaged in heavy cannabis usecompleted
college,and morehad yearlyhouseholdincomes ofless than $30,000. When
asked how marijuana affected their cognitive abilities, career achievements,
social lives,and physical and mental health,the majority ofthosewho used
heavilyreportedthatmarijuanahad negative effectsinalltheseareas oftheir
lives.

Studies have also suggested specific links between marijuana use and adverse
consequences in the workplace, such as increased risk for injury or
accidents.%2 One study among postal workers found that employees who tested
positive for marijuana on a pre-employment urine drug test had 55 percent
more industrial accidents, 85 percent more injuries, and 75 percent greater
absenteeism compared with those who tested negative for marijuana use.8%
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Is there a link between marijuana use

and psychiatric disorders?

Several studies havelinked marijuanausetoincreasedriskforpsychiatric
disorders, including psychosis (schizophrenia), depression, anxiety, and
substanceusedisorders,butwhetherandtowhatextentitactually causes
theseconditionsisnotalways easytodetermine.22Theamountofdrugused,
theageatfirstuse,and geneticvulnerability haveallbeenshowntoinfluence
this relationship. The strongest evidence to date concerns links between
marijuanauseand substanceusedisordersand between marijuanauseand
psychiatricdisorders inthosewith apreexisting genetic or other vulnerability.52

Research using longitudinal datafrom the National Epidemiological Survey on
Alcohol and Related Conditions examined associations between marijuana
use,mood and anxiety disorders, and substance usedisorders. After adjusting
for various confounding factors, no association between marijuana use and
mood and anxiety disorders was found. The only significantassociations were
increased risk of alcohol use disorders, nicotine dependence, marijuana use
disorder, and other drug use disorders.%3

Recentresearch (see"AKT1 Gene Variations and Psychosis")has found that
peoplewhousemarijuanaandcarryaspecificvariantofthe AKT1lgene,which
codes foran enzymethataffects dopamine signaling in the striatum, are at
increased risk of developing psychosis. The striatum is an area of the brain that
becomes activated and flooded with dopamine when certain stimuli are present.
Onestudyfoundthattheriskof psychosisamongthosewiththisvariantwas
seventimeshigherforthosewhoused marijuanadaily compared withthose

who used itinfrequently or used none at all .84
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AKT1 Gene Variations and Psychosis

" Never used cannabis
B Used cannabis at week ends or less
[ Used cannabis everyday

AKT 1 (T/T) AKT 1 (CIT) AKT 1 (CIC)
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Another study found an increased risk of psychosis among adults who had used
marijuanainadolescence and also carried aspecific variantofthe gene for
catechol-O-methyltransferase (COMT), an enzyme that degrades
neurotransmitters such as dopamine and norepinephrine® (see "Genetic
Variations in COMT Influences the Harmful Effects of Abused Drugs").
Marijuana use has also been shown to worsen the course of illness in patients

who already have schizophrenia. As mentioned previously, marijuana can
produce an acute psychotic reaction in non-schizophrenic people who use
marijuana, especially at high doses, although this fades as the drug wears off.
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Genetic Variations in COMT Influences
the Harmful Effects of Abused Drugs

20+
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Inconsistent and modest associations have been reported between marijuana
useand suicidal thoughts and attempted suicideamongteens.®*’Marijuana
has also been associated with an amotivational syndrome, defined as a
diminished or absentdrive to engagein typically rewarding activities. Because
oftherole ofthe endocannabinoid system in regulating mood and reward, ithas
beenhypothesizedthatbrain changesresultingfromearlyuseof marijuana
may underlietheseassociations,butmoreresearchis needed to verify that

such links exist and better understand them.
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Adverse Consequences of Marijuana Use

Photo by ©getttyimages.com/Fuse

Acute (present during intoxication)

Impaired short-term memory

Impaired attention, judgment, and other cognitive functions
Impaired coordination and balance

Increased heart rate

Anxiety, paranoia

Psychosis (uncommon)

Persistent (lasting longer than intoxication, but may not be
permanent)

[ ]

Impaired learning and coordination
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® Sleep problems

L'ong-term (cumulative effects of repeated use)

® Potential for marijuana addiction
[ J

Impairmentsinlearningand memorywith potentiallossofIQ*

Increased risk of chronic cough, bronchitis

Increased risk of other drug and alcohol use disorders

Increased risk of schizophrenia in people with genetic vulnerability**
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What are marijuana's etfects on lung health?

Liketobaccosmoke,marijuanasmokeisanirritanttothethroatandlungsand
can cause a heavy cough during use. It also contains levels of volatile
chemicals and tar that are similar to tobacco smoke, raising concerns aboutrisk
for cancer and lung disease.%8

Marijuanasmokingisassociatedwithlargeairwayinflammation,increased
airwayresistance,andlunghyperinflation,andthosewho smokemarijuana
regularlyreportmoresymptomsofchronicbronchitisthanthosewhodonot
smoke.58.69 One study found that people who frequently smoke marijuana had
more outpatient medical visits for respiratory problems than those who do not
smoke.”2Somecasestudieshavesuggestedthat,becauseof THC’simmune-
suppressing effects, smoking marijuana might increase susceptibility to lung
infections, such as pneumonia, in people withimmune deficiencies; however, a
large AIDS cohort study did not confirm such an association.88 Smoking
marijuana may also reduce the respiratory system’s immune response,
increasing the likelihood of the person acquiring respiratory infections,
including pneumonia.®2 Animal and human studies have not found that
marijuana increases risk foremphysema.58

Whethersmoking marijuanacauseslungcancer,ascigarettesmokingdoes,
remains an open question.f871 Marijuana smoke contains carcinogenic
combustion products,including about50percentmorebenzopreneand 75
percent more benzanthracene (and more phenols, vinyl chlorides,
nitrosamines, reactive oxygen species) than cigarette smoke.28 Because of how
itistypically smoked (deeperinhale, held for longer), marijuana smoking leads
tofourtimesthedeposition oftarcompared tocigarette smoking.22However,
whileafew small,uncontrolled studies have suggested thatheavy, regular
marijuana smoking could increase risk for respiratory cancers, well-designed
population studies have failed to find an increased risk of lung cancer
associated with marijuana use.%

One complexity in comparing the lung-health risks of marijuana and tobacco
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concernstheverydifferentwaysthetwo substances areused. Whilepeople
who smoke marijuanaofteninhale moredeeply and hold thesmokein their
lungs foralonger duration thanistypical with cigarettes, marijuana’s effects last
longer,sopeoplewhousemarijuanamay smokelessfrequently thanthose
who smoke cigarettes.

Additionally, the fact that many people use both marijuana and tobacco makes
determining marijuana’s precise contributiontolung cancerrisk,ifany, difficult
toestablish. Cell cultureand animal studies have also suggested THC and
CBDmayhaveantitumor effects,and thishasbeen proposed asonereason
why stronger expected associations are not seen between marijuana use and
lung cancer, but more research is needed on this question.58
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What are marijuana’s effects on other

aspects of physical health?

Within afew minutes afterinhaling marijuanasmoke, aperson’s heartrate
speeds up,thebreathing passages relaxand becomeenlarged,and blood
vesselsintheeyes expand, makingtheeyeslookbloodshot.Theheartrate—
normally 70to 80 beats per minute—mayincreaseby20to50beats per minute
ormay evendoubleinsome cases. Taking other drugs with marijuanacan
amplify this effect.

Limited evidence suggests that a person’s risk of heart attack during the first
houraftersmoking marijuanaisnearlyfivetimeshisorherusualrisk.Z2This
observation could be partly explained by marijuanaraising blood pressure (in
some cases) and heart rate and reducing the blood’s capacity to carry
oxygen.2Marijuanamayalso causeorthostatichypotension (head rushor
dizzinessonstandingup),possiblyraisingdangerfromfainting and falls.
Tolerance to some cardiovascular effects often develops with repeated
exposure.”2 These health effects need to be examined more closely, particularly
giventheincreasinguseof"medical marijuana" bypeoplewithhealthissues
andolderadultswho mayhaveincreased baselinevulnerability duetoage-
related cardiovascular risk factors (see "Is marijuana safe and effective as
medicine?").

Afewstudieshaveshownaclearlinkbetween marijuanauseinadolescence
and increased risk for an aggressive form of testicular cancer
(nonseminomatous testiculargerm cell tumor)thatpredominantly strikesyoung
adultmales.’8:”ZThe early onsetoftesticular cancers compared tolung and
most other cancers indicates that, whatever the nature of marijuana’s
contribution, it may accumulate over just a few years of use.

Studies have shown thatinrare cases,chronicuseof marijuanacanleadto
Cannabinoid Hyperemesis Syndrome—a condition marked by recurrent bouts
of severe nausea, vomiting, and dehydration. This syndrome has been found to
occurinpersonsunder50years ofage andwithalong history of marijuana
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use.Cannabinoid Hyperemesis Syndrome can lead sufferers to make frequent
trips to the emergency room, but may be resolved when a person stops using
marijuana.’8
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Is marijuana safe and effective as medicine?

The potential medicinal properties of marijuana and its components have been
thesubjectofresearch and heated debatefordecades. THCitselfhas proven
medical benefits in particular formulations. The U.S. Food and Drug
Administration (FDA) has approved THC-based medications, dronabinol
(Marinol®) and nabilone (Cesamet®), prescribed in pill form for the treatment of
nauseain patients undergoing cancer chemotherapy and to stimulate appetite
inpatientswithwastingsyndromedueto AIDS.TheFDAalsoapprovedaCBD-
based liquid medication called Epidiolex®forthetreatmentoftwo forms of
severe childhood epilepsy, Dravet syndrome and Lennox-Gastaut syndrome.
I'sbeing delivered to patientsin areliabledosage formand through a
reproducibleroute of delivery to ensure that patients derive the anticipated
benefits. CBD does not have the rewarding properties of THC.

In addition, several other marijuana-based medications have been approved or
are undergoing clinical trials. Nabiximols (Sativex®), a mouth spray that is
currently available in the United Kingdom, Canada, and several European
countries for treating the spasticity and neuropathic pain that may accompany
multiple sclerosis, combines THC with another chemical found in marijuana
called cannabidiol (CBD).

Researchersgenerally consider medications likethese,whichusepurified
chemicals derived fromorbased onthoseinthemarijuanaplant,tobe more
promisingtherapeuticallythanuseofthewhole marijuanaplantoritscrude
extracts.Developmentofdrugsfrombotanicals suchasthemarijuanaplant
poses numerous challenges. Botanicals may contain hundreds of unknown,
activechemicals,anditcanbedifficulttodevelop aproductwithaccurateand
consistent doses of these chemicals. Use of marijuana as medicine also poses
other problems such as the adverse health effects of smoking and THC-induced
cognitive impairment. Nevertheless,agrowing number of states have legalized
dispensing of marijuana or its extracts to people with a range of medical
conditions.



An additional concern with "medical marijuana” is that little is known about the
long-term impact of its use by people with health- and/or age-related
vulnerabilities—such as older adults or people with cancer, AIDS,
cardiovascular disease, multiple sclerosis, or other neurodegenerative
diseases. Further research will be needed to determine whether people whose
health has been compromised by disease or its treatment (e.g., chemotherapy)
are at greater risk for adverse health outcomes from marijuana use.

Medical Marijuana Legalization and Prescription Opioid
Use Outcomes

Two recent studies in JAMA Internal Medicine report an association
between not only medical marijuanalaws (MML) but also protected access
todispensariesandtheirassociationwithopioid prescription patterns
based on Medicaid or Medicare PartD prescription data. Thefirststudy
found that Medicare Part D prescriptions filled for all opioids decreased in
states with MML by 2.11 million daily doses per year per state. In states
withmedical cannabis dispensaries, prescriptionsdecreased by 3.742
million daily doses per year per state.”2 Similarly, the second study
examined Medicaid prescriptiondataand foundthatMMLsand adult-use
marijuanalaws were associated with lower opioid prescribing rates (5.88%
and 6.38% lower, respectively).2

Additionally, NIDA funded two studies that explored the relationship
between marijuana legalization and adverse outcomes associated with
prescription opioids. Thefirststudy found an association between medical
marijuanalegalizationand areductioninoverdosedeathsfromopioid
pain relievers; an effect that strengthened in each year following the
implementation of legislation.22 The second NIDA-funded study was a
moredetailed analysis by the RAND Corporation thatshowed legally
protected accesstomedical marijuanadispensariesisassociated with
lower levels of opioid prescribing, lower self-report of nonmedical
prescriptionopioiduse,lowertreatmentadmissionsforprescriptionopioid
usedisorders,andreductioninprescriptionopioid overdose deaths.&
Notably, the reduction in deaths was present only in states with
dispensaries (not just medical marijuana laws) and was greater in states
with activedispensaries.ltshould benoted thatthepopulation-based
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natureofthesestudies,andthetwoabove, donotestablish acausal
relationship or give evidence for changesinindividual pain patient behavior

andcautionshouldbeusedwheninterpretingtheirresults.

Todate,researchintotheeffectsofcannabisonopioiduseinpainpatients ismixed.
Somedatasuggestthatmedicalcannabistreatmentmayreduce thedoseofopioids
requiredforpainrelief,2:24whileanother NIH-funded studyfoundthatcannabisuse
appearstoincreasetheriskofdeveloping nonmedical prescription opioid use and
opioid use disorder.82 Though no single study is definitive, they cumulatively suggest
thatmedical marijuana productsmayplayaroleinreducingtheuseofopioids
neededtocontrol painbutthatthese productsdon’tcome withoutrisk. More
researchis needed to investigate the potential therapeutic role of marijuanaincluding
itsroleasatreatmentoptionforopioidusedisorderanditsabilitytoreduce specific

types of pain.
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What are the effects of secondhand

exposure to marijuana smoke?

People often ask about the possible psychoactive effect of exposure to
secondhand marijuana smoke and whether a person who has inhaled
secondhand marijuana smoke could fail adrug test. Researchers measured the
amountof THCintheblood of peoplewho do notsmoke marijuanaand had
spent 3 hours in a well-ventilated space with people casually smoking
marijuana; THCwas presentintheblood ofthenonsmoking participants, but
theamountwaswell below thelevel needed tofail adrug test. Another study
thatvariedthelevels ofventilationandthepotencyofthemarijuanafoundthat
somenonsmoking participants exposed foran hourtohigh-THC marijuana
(11.3 percent THC concentration) in an unventilated room showed positive
urine assays in the hours directly following exposureg; a follow-up study
showed thatnonsmoking people in aconfined space with people smoking high-
THC marijuanareported mild subjective effects of the drug—a "contact high"—
and displayed mild impairments on performance in motor tasks.8”

Theknown healthrisksofsecondhand exposuretocigarettesmoke—tothe
heartorlungs,forinstance—raise questions aboutwhethersecondhand
exposuretomarijuanasmoke poses similar health risks. Atthis point, very little
research on this question has been conducted. A 2016 study in rats found that
secondhand exposure to marijuana smoke affected ameasure of blood vessel
function as much as secondhand tobacco smoke, and the effects lasted
longer.88 One minute of exposure to secondhand marijuana smoke impaired
flow-mediated dilation (the extenttowhich arteries enlargeinresponseto
increasedblood flow)ofthefemoral arterythatlasted foratleast90 minutes;
impairmentfrom 1 minuteofsecondhandtobaccoexposurewasrecovered
within30minutes. Theeffectsof marijuanasmokewereindependentof THC
concentration;i.e.,when THC was removed, the impairment was still present.
Thisresearch has not yetbeen conducted with human subjects, but the toxins
and tar levels known to be present in marijuana smoke (see “What are
marijuana’s effects on lung health?”) raise concerns about exposure among
vulnerable populations, such as children and people with asthma.
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Can marijuana use during and after

pregnancy harm the baby?

Moreresearchis needed on how marijuana use during pregnancy could impact
the health and development of infants, given changing policies about access to
marijuana,aswellassignificantincreasesoverthelastdecadeinthenumber
ofpregnantwomen seeking substanceusedisordertreatmentformarijuana
use.20nestudyfoundthatabout20% of pregnantwomen 24-years-old and
youngerscreened positiveformarijuana.However,thisstudyalsofoundthat
womenwere abouttwice as likely to screen positive for marijuanauseviaa
drugtestthantheystatein self-reported measures. This suggests that self-
reported rates of marijuanausein pregnantfemales may notbe an accurate
measure of marijuana use.2 Additionally, in one study of dispensaries,
nonmedical personnel at marijuana dispensaries were recommending
marijuanato pregnant women for nausea, but medical experts warn against it.
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There is no human research connecting marijuana use to the chance of
miscarriage,2-22although animal studies indicate thatthe risk for miscarriage
increases if marijuana is used early in pregnancy.22 Some associations have
been found between marijuana use during pregnancy and future
developmental and hyperactivity disorders in children.24=2Evidence is mixed
astowhethermarijuanausebypregnantwomenisassociated withlow birth
weight®-102 5 nremature birth, 1%L although long-term use may elevate these

risks.199 Research has shown that pregnant women who use marijuana have a
2.3 times greater risk of stillbirth.192 Given the potential of marijuana to
negatively impact the developing brain, the American College of Obstetricians

and Gynecologists recommends that obstetrician-gynecologists counsel women
against using marijuana while trying to get pregnant, during pregnancy, and
while they are breastfeeding.194
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Somewomenreportusingmarijuanatotreatseverenauseaassociatedwith

theirpregnancy;*®21®however,thereisnoresearchconfirmingthatthisisa
safe practice,and itis generally notrecommended. Women considering using
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medical marijuanawhile pregnantshould notdo so without checking with their
health care providers. Animal studies have shown that moderate concentrations
of THC,when administered tomotherswhilepregnantornursing,could have
long-lasting effects on the child, including increasing stress responsivity and

7 Animal studies also show learning
33,108

abnormal patterns of social interactions.
deficits in prenatallyexposed individuals.

Human research has shown that some babies born to women who used
marijuanaduring their pregnancies display altered responses to visual stimuli,
increased trembling, and a high-pitched cry, 222 which could indicate problems
with neurological development.t2In school, marijuana-exposed children are
more likely to show gaps in problem-solving skills, memory,L and the ability to
remain attentive.112 More research is needed, however, to disentangle
marijuana-specific effects fromthose of other environmental factors that could
beassociatedwithamother'smarijuanause,suchasanimpoverished home
environment or the mother's use of other drugs.1%2 Prenatal marijuana exposure
is also associated with an increased likelihood of aperson using marijuana as
a young adult, even when other factors that influence drug use are
considered.12Moreinformation on marijuanauseduring pregnancy canbe
found in the NIDA's Substance Use in Women Research Report.

Very little is known about marijuana use and breastfeeding. One study suggests
thatmoderateamounts of THCfind theirway into breastmilk when anursing
mother uses marijuana.t% Some evidence shows that exposure to THC through
breast milk in the first month of life could resultin decreased motor development
atlyearofage.ll2Therehave been no studiestodetermineifexposureto THC
duringnursingislinkedtoeffectslaterinthechild'slife.Withregularuse, THC
can accumulate in human breast milk to high concentrations.28 Because a
baby'sbrainisstillforming, THCconsumed in breast milk could affectbrain
development. Given all these uncertainties, nursing mothers are discouraged

from using marijuana.124116 New mothers using medical marijuana should be
vigilant about coordinating care between the doctor recommending their
marijuana use and the pediatrician caring for their baby.
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Available Treatments for Marijuana

Use Disorders

Marijuanausedisorders appeartobevery similartoother substanceuse
disorders, although the long-term clinical outcomes may be less severe. On
average, adults seeking treatmentfor marijuanausedisorders have used
marijuananearlyeverydayformorethan 10yearsand haveattemptedtoquit
more than six times.1L’ People with marijuana use disorders, especially
adolescents, often also suffer from other psychiatric disorders
(comorbidity).18 They may also use or be addicted to other substances, such as
cocaineoralcohol. Available studies indicate that effectively treating the mental
health disorder with standard treatmentsinvolving medications and behavioral
therapies may help reduce marijuana use, particularly among those involved
with heavyuseandthosewithmorechronic mentaldisorders. Thefollowing
behavioral treatments have shown promise:

e Cognitive-behavioral therapy: A form ofpsychotherapy that teaches people
strategies to identify and correct problematic behaviors in order to enhance
self-control, stop drug use, and address arange of other problems that often
co-occur with them.

e Contingency management: A therapeutic management approach based on
frequent monitoring of the target behavior and the provision (or removal) of
tangible, positive rewards when the target behavior occurs (or does not).

e Motivational enhancement therapy: A systematic form of intervention
designed to produce rapid, internally motivated change; the therapy does
not attempt to treat the person, but rather mobilize his or her own internal
resources for change and engagement in treatment.

Currently, the FDA has not approved any medications for the treatment of
marijuana use disorder, but research is active in this area. Because sleep
problems feature prominently in marijuana withdrawal, some studies are
examining the effectiveness of medications that aid in sleep. Medications that
have shown promise in early studies or small clinical trials include the sleep aid


https://www.drugabuse.gov/publications/research-reports/marijuana/references
https://www.drugabuse.gov/publications/research-reports/marijuana/there-link-between-marijuana-use-psychiatric-disorders
https://www.drugabuse.gov/publications/research-reports/marijuana/references
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zolpidem (Ambien®), an anti-anxiety/anti-stress medication called buspirone

(BuSpar®), and an anti-epileptic drug called gabapentin (Horizant®, Neurontin®) that
may improve sleep and, possibly, executive function.Otheragents being studied
includethenutritional supplementN- acetylcysteine and chemicals called FAAH
inhibitors, which may reduce withdrawal by inhibiting the breakdown ofthe body’s own
cannabinoids. Future directionsincludethestudyofsubstancescalled allosteric
modulatorsthat interact with cannabinoid receptorstoinhibit THC’s rewarding
effects.
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Where can I get further information

about marijuana?

Tolearnmoreaboutmarijuanaand otherdrugs,visitthe NIDAwebsite at
drugabuse.gov or contact the DrugPubs Research Dissemination Centerat
877-NIDA-NIH (877-643-2644; TTY/TDD: 240-645-0228).

The NIDA website includes:

e information about drugs and related health consequences

e NIDA publications, news, and events

e resources for health care professionals

e funding information (including program announcements and deadlines)
e international activities

e |inkstorelated websites (access to websites of many other organizationsin
the field)

e information in Spanish (en espafiol)

NIDA websites and webpages

e drugabuse.gov

e teens.drugabuse.gov

e ecasyread.drugabuse.qgov

e drugabuse.gov/drugs-abuse/marijuana

e drugabuse.gov/related-topics/hivaids

o researchstudies.drugabuse.gov

e irp.drugabuse.gov



http://www.drugabuse.gov/
https://www.drugabuse.gov/
http://www.teens.drugabuse.gov/
http://www.easyread.drugabuse.gov/
https://www.drugabuse.gov/drugs-abuse/marijuana
https://www.drugabuse.gov/related-topics/hivaids
http://www.researchstudies.drugabuse.gov/
http://www.irp.drugabuse.gov/
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For physician information

e NIDAMED: drugabuse.gov/nidamed

Other websites

Information about marijuana is also available through the following websites:

e Substance Abuse and Mental Health Services Administration: samhsa.gov
e Drug Enforcement Administration: dea.gov

e Monitoring the Future: monitoringthefuture.org/

e Partnership for Drug-Free Kids: drugfree.org/drug-guide

Thispublicationis availableforyouruseand maybereproducedinits
entirety without permission from the NIDA. Citation of the source is
appreciated, using the following language: Source: National Institute on
Drug Abuse; National Institutes of Health; U.S. Department of Health and
Human Services.



https://www.drugabuse.gov/nidamed
http://www.samhsa.gov/
http://www.dea.gov/
http://www.monitoringthefuture.org/
http://www.drugfree.org/drug-guide

44

References

Timberlake DS.Acomparisonofdruguseanddependencebetweenblunt
smokers and other cannabis users. Subst Use Misuse.2009;44(3):401-415.
doi:10.1080/10826080802347651.

Mehmedic Z,Chandra S, Slade D, etal. Potencytrends of A9-THC and
other cannabinoids in confiscated cannabis preparations from 1993 to
2008. J Forensic Sci. 2010;55(5):1209-1217. doi:10.1111/j.1556-
4029.2010.01441 .x.

Resultsfromthe2015National Surveyon Drug Useand Health: Detailed
Tables, SAMHSA, CBHSQ.
http://www.samhsa.gov/data/sites/default/files/INSDUH-DetTabs-
2015/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015.htm. Accessed
October 11, 2016.

Carliner H, Mauro PM, Brown QL, et al. The widening gender gap in
marijuana use prevalence in the U.S. during a period of economic change,
2002-2014. Drug Alcohol Depend. 2016;170:51-58.
doi:10.1016/j.drugalcdep.2016.10.042.

Johnston L, O’Malley P, Miech R, Bachman J, Schulenberg J. Monitoring the
Future National Survey Results on Drug Use: 1975-2016: Overview: Key
Findings on Adolescent Drug Use. Ann Arbor, MI: Institute for Social
Research, The University of Michigan; 2016.

Center for Behavioral Health Statistics and Quality (CBHSQ). Drug Abuse
Warning Network:2011: Selected Tables of National Estimates of Drug-
Related Emergency Department Visits. Rockville, MD: Substance Abuse
and Mental Health Services Administration; 2013.

Lenné MG, Dietze PM, Triggs TJ, Walmsley S, Murphy B, Redman JR. The
effects of cannabis and alcohol on simulated arterial driving: Influences of
driving experience and task demand. Accid Anal Prev. 2010;42(3):859-866.
doi:10.1016/j.aap.2009.04.021.

Hartman RL, Huestis MA. Cannabis effects on driving skills. Clin Chem.
2013;59(3):478-492.d0i:10.1373/clinchem.2012.194381.


https://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015.htm
https://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015.htm
https://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015.htm

45

10.

11,

12,

13.

14,

15.

16.

17.

18.

Hartman RL, Brown TL, Milavetz G, et al. Cannabis effects on driving lateral
controlwithandwithoutalcohol.Drug Alcohol Depend.2015;154:25-37.
doi:10.1016/j.drugalcdep.2015.06.015.

Brady JE,Li G.Trends in Alcohol and Other Drugs Detected in Fatally
Injured Drivers in the United States, 1999-2010. Am J Epidemiol. January
2014:kwt327. d0i:10.1093/aje/kwt327.

Biecheler M-B, Peytavin J-F,Sam Group, Facy F,Martineau H. SAM survey
on “drugs and fatal accidents”: search of substances consumed and
comparisonbetweendriversinvolved undertheinfluenceofalcoholor
cannabis. Traffic Inj Prev. 2008;9(1):11-21.
d0i:10.1080/15389580701737561.

DRUID Final Report: Work Performed, Main Results and
Recommendations. EU DRUID Programme; 2012.
http://www.roadsafetyobservatory.com/Evidence/Details/10940.

Elvik R.Risk of road accident associated with the use of drugs: asystematic
review and meta-analysis of evidence from epidemiological studies. Accid
Anal Prev. 2013;60:254-267.d0i:10.1016/j.aap.2012.06.017.

Ramaekers JG,Berghaus G,van Laar M,Drummer OH.Dose related risk of
motor vehicle crashes after cannabis use. Drug Alcohol Depend.
2004;73(2):109-119.

LiM-C,Brady JE,DiMaggio CJ,Lusardi AR,Tzong KY,Li G.MarijuanaUse
and Motor Vehicle Crashes. Epidemiol Rev. 2012;34(1):65-72.
doi:10.1093/epirev/imxr017.

Asbridge M, Hayden JA, Cartwright JL. Acute cannabis consumption and
motorvehiclecollisionrisk: systematicreview of observational studies and
meta-analysis. BMJ. 2012;344:e536. d0i:10.1136/bmj.e536.

Compton RP, Berning A.Drug and Alcohol Crash Risk. Washington, DC:
National Highway Traffic Safety Administration;2015.DOTHA812117.

Hasin DS, Saha TD, Kerridge BT, et al. Prevalence of Marijuana Use
DisordersintheUnited States Between 2001-2002 and 2012-2013. JAMA
Psychiatry. 2015;72(12):1235-1242.
doi:10.1001/jamapsychiatry.2015.1858.


http://www.roadsafetyobservatory.com/Evidence/Details/10940
http://www.roadsafetyobservatory.com/Evidence/Details/10940

46

19.

20.

21,

22,

23,

24,

25,

26.

21,

28

Winters KC, Lee C-YS. Likelihood of developing an alcohol and cannabis
usedisorderduring youth: Associationwithrecentuseand age.Drug
Alcohol Depend. 2008;92(1-3):239-247.
doi:10.1016/j.drugalcdep.2007.08.005.

Budney AJ, Hughes JR. The cannabis withdrawal syndrome. Curr Opin
Psychiatry. 2006;19(3):233-238. d0i:10.1097/01.yc0.0000218592.00689.e5.

Gorelick DA, Levin KH, Copersino ML, et al. Diagnostic Criteria for
Cannabis Withdrawal Syndrome. Drug Alcohol Depend.2012;123(1-3):141-
147.d0i:10.1016/j.drugalcdep.2011.11.007.

Rotter A, Bayerlein K, Hansbauer M, et al. CB1 and CB2 receptor
expression and promoter methylation in patients with cannabis
dependence. Eur Addict Res. 2013;19(1):13-20. d0i:10.1159/000338642.

Morgan CJA,Page E,Schaefer C,etal.Cerebrospinal fluidanandamide
levels, cannabis use and psychotic-like symptoms. Br J Psychiatry J Ment
Sci. 2013;202(5):381-382.d0i:10.1192/bjp.bp.112.121178.

Anthony JC, Warner LA, Kessler RC. Comparative epidemiology of
dependenceontobacco,alcohol,controlled substances, and inhalants:
Basic findings from the National Comorbidity Survey. Exp Clin

Psychopharmacol. 1994;2(3):244-268. doi:10.1037/1064-1297.2.3.244.

Lopez-Quintero C,Pérezdelos Cobos J,Hasin DS, etal.Probabilityand
predictors of transition from firstuseto dependence on nicotine,alcohol,
cannabis, and cocaine: results of the National Epidemiologic Survey on
Alcohol and Related Conditions (NESARC). Drug Alcohol Depend.
2011;115(1-2):120-130.d0i:10.1016/j.drugalcdep.2010.11.004.

Anthony JC. The epidemiology of cannabis dependence. In: Roffman RA,
Stephens RS, eds. Cannabis Dependence: Its Nature, Consequences and
Treatment.Cambridge, UK: Cambridge University Press; 2006:58-105.

HallWD,PaculaRL.Cannabis Useand Dependence: Public Health and
Public Policy.Cambridge, UK: Cambridge University Press; 2003.

Centerfor Behavioral Health Statistics and Quality (CBHSQ). Treatment
Episode Data Set (TEDS): 2003-2013. National Admissions to Substance
Abuse Treatment Services.Rockville,MD: Substance Abuse and Mental
Health Services Administration; 2015. BHSIS Series S-75, HHS Publication



47

29,

30.

31,

32,

33,

35.

36.

No. (SMA) 15-4934.

Office of National Drug Control Policy. National Drug Control Strategy: Data
Supplement 2015.
https:/lwww.whitehouse.gov/sites/default/files/ondcp/policy-and-
research/2015 data_supplement_final.pdf. Published 2015. Accessed
January 5, 2017.

Freeman TP,Morgan CJA,Hindocha C, Schafer G,Das RK, Curran HV. Just
say “know”:how do cannabinoid concentrations influence users’ estimates
ofcannabis potencyandtheamounttheyrollinjoints? Addict Abingdon
Engl. 2014;109(10):1686-1694.d0i:10.1111/add.12634.

vander Pol P,Liebregts N,BruntT,etal. Cross-sectional and prospective
relation of cannabis potency, dosing and smoking behaviour with cannabis
dependence: an ecological study. Addict Abingdon Engl.2014;109(7):1101-
1109.doi:10.1111/add.12508.

Campolongo P, TrezzaV,Cassano T,etal. Perinatal exposureto delta-9-
tetrahydrocannabinol causes enduring cognitive deficits associated with
alteration of cortical gene expression and neurotransmission inrats. Addict
Biol. 2007;12(3-4):485-495.d0i:10.1111/j.1369-1600.2007.00074.X.

Antonelli T, Tomasini MC, Tattoli M, etal. Prenatal exposuretothe CB1
receptor agonist WIN 55,212-2 causes learning disruption associated with
impaired cortical NMDA receptor function and emotional reactivity changes
in rat offspring. Cereb Cortex N Y N 1991. 2005;15(12):2013-2020.
doi:10.1093/cercor/bhi076.

Verrico CD, Gu H, Peterson ML, Sampson AR, Lewis DA. Repeated A9-

tetrahydrocannabinol exposure in adolescent monkeys: persistent effects

selective for spatial working memory. Am J Psychiatry. 2014;171(4):416-
425.d0i:10.1176/appi.ajp.2013.13030335.

Rubino T,RealiniN,BraidaD,etal.Changesinhippocampalmorphology
andneuroplasticityinducedbyadolescentTHCtreatmentareassociated

with cognitive impairmentin adulthood. Hippocampus. 2009;19(8):763-772.
doi:10.1002/hip0.20554.

Gleason KA,Birnbaum SG, ShuklaA,Ghose S.Susceptibility ofthe
adolescentbraintocannabinoids:long-term hippocampal effects and
relevance to schizophrenia. Transl Psychiatry.2012;2:e199.


http://www.whitehouse.gov/sites/default/files/ondcp/policy-and-

48

37,

38.

39.

40.

41.

42.

45.

doi:10.1038/tp.2012.122.

QuinnHR,Matsumotol,Callaghan PD,etal. Adolescentratsfindrepeated
Delta(9)-THC less aversive than adult rats but display greater residual
cognitivedeficitsand changesinhippocampal protein expression following
exposure. Neuropsychopharmacol Off Publ Am Coll
Neuropsychopharmacol. 2008;33(5):1113-1126.
doi:10.1038/sj.npp.1301475.

Batalla A, Bhattacharyya S, Ylicel M, et al. Structural and functional imaging
studies in chronic cannabis users: a systematic review of adolescent and
adult findings. PloS One. 2013;8(2):e55821.
doi:10.1371/journal.pone.0055821.

FilbeyFM,Aslan S,CalhounVD,etal.Long-termeffectsofmarijuanause
on the brain. Proc Natl Acad Sci U S A. 2014;111(47):16913-16918.
doi:10.1073/pnas.1415297111.

Pagliaccio D, Barch DM, Bogdan R, et al. Shared predisposition in the
association between cannabis use and subcortical brain structure. JAMA
Psychiatry. 2015;72(10):994-1001. doi:10.1001/jamapsychiatry.2015.1054.

Volkow ND, Swanson JM,Evins AE,etal. Effectsofcannabisuseonhuman
behavior, including cognition, motivation, and psychosis: areview. JAMA
Psychiatry.2016;73(3):292-297.d0i:10.1001/jamapsychiatry.2015.3278.

Auer R, Vittinghoff E, Yaffe K, et al. Association between lifetime marijuana
use and cognitive function in middle age: the Coronary Artery Risk
Developmentin Young Adults (CARDIA) Study. JAMA Intern Med. February
2016. doi:10.1001/jamainternmed.2015.7841.

Meier MH, Caspi A, Ambler A, et al. Persistent cannabis users show
neuropsychological decline from childhood to midlife. Proc Natl Acad Sci U
S A. 2012;109(40):E2657-E2664.d0i:10.1073/pnas.1206820109.

Rubino T,Zamberletti E, Parolaro D. Adolescent exposure to cannabis as a
risk factor for psychiatric disorders. J Psychopharmacol Oxf Engl.
2012;26(1):177-188.d0i:10.1177/0269881111405362.

Jackson NJ, Isen JD,Khoddam R, et al. Impact of adolescent marijuana use
onintelligence: Results from two longitudinal twin studies. Proc Natl Acad
Sci US A.2016;113(5):E500-E508. d0i:10.1073/pnas.1516648113.



49

46.

41.

49,

50.

51,

52,

53.

Secades-Villa R, Garcia-Rodriguez O, Jin CJ, Wang S, Blanco C. Probability
and predictors ofthecannabis gateway effect: anational study.IntJ Drug
Policy. 2015;26(2):135-142.d0i:10.1016/j.drugpo.2014.07.011.

Weinberger AH,PlattJ,Goodwin RD.Iscannabis useassociated with an
increased risk of onset and persistence of alcohol use disorders? A three-
yearprospectivestudyamongadultsintheUnited States.Drug Alcohol
Depend. February 2016.do0i:10.1016/j.drugalcdep.2016.01.014.

Pistis M, Perra S, Pillolla G, Melis M, Muntoni AL, Gessa GL.Adolescent
exposuretocannabinoidsinduceslong-lasting changesintheresponseto
drugs of abuse of rat midbrain dopamine neurons. Biol Psychiatry.
2004;56(2):86-94. d0i:10.1016/j.biopsych.2004.05.006.

Agrawal A, Neale MC, Prescott CA,Kendler KS. Atwin study of early
cannabis use and subsequent use and abuse/dependence of other illicit
drugs. Psychol Med.2004;34(7):1227-1237.

Panlilio LV, Zanettini C, Barnes C, Solinas M, Goldberg SR. Prior exposure
to THC increases the addictive effects of nicotine in rats.
Neuropsychopharmacol Off Publ Am Coll Neuropsychopharmacol.
2013;38(7):1198-1208. d0i:10.1038/npp.2013.16.

Cadoni C, Pisanu A, Solinas M, Acquas E, Di Chiara G. Behavioural
sensitization after repeated exposure to Delta 9-tetrahydrocannabinol and
cross-sensitization with morphine. Psychopharmacology (Berl).
2001;158(3):259-266.d0i:10.1007/s002130100875.

LevineA,Huang Y,DrisaldiB,etal.Molecularmechanismforagateway
drug: epigenetic changes initiated by nicotine prime gene expression by
cocaine. Sci Transl Med. 2011;3(107):107ra109.
doi:10.1126/scitransimed.3003062.

Schweinsburg AD, Brown SA, Tapert SF. The influence of marijuana use on
neurocognitive functioning in adolescents. Curr Drug Abuse Rev.
2008;1(1):99-111.

Macleod J, Oakes R, Copello A, et al. Psychological and social sequelae of
cannabis and other illicitdrug use by young people: asystematic review of
longitudinal, general population studies. Lancet Lond Engl.
2004;363(9421):1579-1588. d0i:10.1016/S0140-6736(04)16200-4.



50

55,

56.

57,

58.

59.

60.

61.

62.

63.

Silins E, Horwood LJ, Patton GC, et al. Young adult sequelae of adolescent
cannabisuse:anintegrativeanalysis.LancetPsychiatry.2014;1(4):286-
293.d0i:10.1016/S2215-0366(14)70307-4.

Fergusson DM, Boden JM. Cannabis use and later life outcomes. Addict
Abingdon Engl. 2008;103(6):969-976; discussion 977-978.
doi:10.1111/j.1360-0443.2008.02221..x.

Brook JS, Lee JY, Finch SJ, Seltzer N, Brook DW. Adult work commitment,
financial stability,and social environmentas related to trajectories of
marijuana use beginning in adolescence. Subst Abuse. 2013;34(3):298-
305.d0i:10.1080/08897077.2013.775092.

McCaffrey DF,PaculaRL,Han B,Ellickson P.MarijuanaUseand High
School Dropout: The Influence of Unobservables. Health Econ.
2010;19(11):1281-1299. d0i:10.1002/hec.1561.

GruberAJ,PopeHG,Hudson Jl,Yurgelun-Todd D. Attributesoflong-term
heavy cannabis users: a case-control study. Psychol Med. 2003;33(8):1415-
1422.

Macdonald S, Hall W,Roman P, Stockwell T,Coghlan M, Nesvaag S.
Testing for cannabis in thework-place: areview of the evidence. Addict
Abingdon Engl. 2010;105(3):408-416. d0i:10.1111/j.1360-
0443.2009.02808.x.

Zwerling C, Ryan J, Orav EJ. The efficacy of preemployment drug screening
for marijuana and cocaine in predicting employment outcome. JAMA.
1990;264(20):2639-2643.

Radhakrishnan R, Wilkinson ST,D’Souza DC. Goneto Pot- AReview ofthe
Association between Cannabis and Psychosis. Front Psychiatry. 2014;5:54.
doi:10.3389/fpsyt.2014.00054.

Blanco C,Hasin DS, Wall MM, etal. Cannabis Use and Risk of Psychiatric
Disorders: Prospective Evidence From a US National Longitudinal Study.
JAMA Psychiatry. February 2016. doi:10.1001/jamapsychiatry.2015.3229.

Di Forti M, lyegbe C, Sallis H,etal. Confirmation thatthe AKT1 (rs2494732)
genotypeinfluencestherisk of psychosisin cannabis users.Biol Psychiatry.
2012;72(10):811-816.d0i:10.1016/j.biopsych.2012.06.020.



51

65.

66.

67.

68.

69.

70.

71,

72,

73,

74,

Caspi A, Moffitt TE, Cannon M, et al. Moderation of the effect of adolescent-
onsetcannabis useon adultpsychosis by afunctional polymorphismin the
catechol-O-methyltransferase gene: longitudinal evidence of a gene X
environment interaction. Biol Psychiatry. 2005;57(10):1117-1127.
do0i:10.1016/j.biopsych.2005.01.026.

DelforterieMJ,Lynskey MT,Huizink AC,etal. Therelationship between
cannabisinvolvementand suicidal thoughts and behaviors. Drug Alcohol
Depend. 2015;150:98-104.d0i:10.1016/j.drugalcdep.2015.02.019.

BorgesG,BaggeCL,OrozcoR.Aliteraturereview and meta-analyses of
cannabis use and suicidality. J Affect Disord. 2016;195:63-74.
doi:10.1016/j.jad.2016.02.007.

Tashkin DP. Effects of marijuana smoking on the lung. Ann Am Thorac Soc.
2013;10(3):239-247.d0i:10.1513/AnnalsATS.201212-127FR.

Owen KP, Sutter ME, Albertson TE. Marijuana: respiratory tract effects. Clin
Rev Allergy Immunol. 2014;46(1):65-81. do0i:10.1007/s12016-013-8374-y.

Polen MR, Sidney S, Tekawa IS, Sadler M, Friedman GD. Health care use
byfrequentmarijuanasmokerswhodonotsmoketobacco.WestJMed.
1993;158(6):596-601.

Hashibe M,Morgenstern H,Cui Y,etal. Marijuanauseand therisk oflung
and upper aerodigestive tractcancers: results of apopulation-based case-
control study. Cancer Epidemiol Biomark Prev Publ Am Assoc Cancer Res
Cosponsored Am Soc Prev Oncol. 2006;15(10):1829-1834.
d0i:10.1158/1055-9965.EPI-06-0330.

HancoxRJ,PoultonR,ElyM,etal.Effectsofcannabisonlungfunction:a
population-based cohort study. Eur Respir J. 2010;35(1):42-47.
d0i:10.1183/09031936.00065009.

Mittleman MA,Lewis RA,MaclureM,Sherwood JB,Muller JE.Triggering
Myocardial Infarction by Marijuana. Circulation.2001;103(23):2805-2809.
doi:10.1161/01.CIR.103.23.2805.

Thomas G, Kloner RA, Rezkalla S. Adverse cardiovascular,
cerebrovascular,and peripheral vascular effects of marijuanainhalation:
whatcardiologists need toknow.AmJCardiol.2014;113(1):187-190.
doi:10.1016/j.amjcard.2013.09.042.



52

15,

76.

1.

78,

79.

80.

81,

82.

83.

Jones RT. Cardiovascular system effects of marijuana. J Clin Pharmacol.
2002;42(11 Suppl):58S -63S.

LacsonJCA,CarrollJD,Tuazon E,Castelao EJ,BernsteinL,Cortessis VK.
Population-based case-controlstudyofrecreationaldruguseandtestis
cancer risk confirms an association between marijuana use and
nonseminoma risk. Cancer. 2012;118(21):5374-5383.
do0i:10.1002/cncr.27554.

Daling JR,Doody DR, Sun X, etal. Association of marijuanauseand the
incidence of testicular germ cell tumors. Cancer. 2009;115(6):1215-1223.
doi:10.1002/cncr.24159.

Galli JA, Sawaya RA, Friedenberg FK. Cannabinoid Hyperemesis
Syndrome. Curr Drug Abuse Rev. 2011;4(4):241-249.

Association Between US State Medical Cannabis Laws and Opioid
Prescribing in the Medicare Part D Population | Adolescent Medicine | JAMA
Internal Medicine | JAMA

Network. https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2676999.

Accessed May 1, 2018.

Association of Medical and Adult-Use Marijuana Laws With Opioid
Prescribing for Medicaid Enrollees | Adolescent Medicine | JAMA Internal
Medicine | JAMA

Network. https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2677000.

Accessed May 1, 2018.

Bachhuber MA, Saloner B, Cunningham CO, Barry CL. Medical cannabis
laws and opioid analgesic overdose mortality in the United States, 1999-
2010. JAMA Intern Med. 2014;174(10):1668-1673.
doi:10.1001/jamainternmed.2014.4005

PowellD,PaculaRL,Jacobson M.Do Medical MarijuanaLaws Reduce
Addiction and Deaths Related to Pain Killers? RAND Corporation;
2015. https://www.rand.org/pubs/external publications/EP67480.htm]|.
Accessed April 6,2017.

Abrams DI, Couey P,Shade SB, Kelly ME,BenowitzNL.Cannabinoid-
opioid interaction in chronic pain. Clin Pharmacol Ther.2011;90(6):844-
851.d0i:10.1038/clpt.2011.188


https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2676999
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2677000
https://www.rand.org/pubs/external_publications/EP67480.html

53

85.

86.

87.

88.

89.

0.

91

92

9.

%,

Lynch ME,Clark AJ.Cannabisreducesopioid doseinthetreatmentof
chronic non-cancer pain. J Pain Symptom Manage. 2003;25(6):496-498.

Olfson M, Wall MM, Liu S-M, Blanco C. Cannabis Use and Risk of
Prescription Opioid Use Disorder in the United States. Am J Psychiatry.
2017;175(1):47-53.d0i:10.1176/appi.ajp.2017.17040413

Rohrich J, Schimmel I, Zoérntlein S, et al. Concentrations of delta9-
tetrahydrocannabinol and 11-nor-9-carboxytetrahydrocannabinol in blood
andurine after passiveexposureto Cannabis smokeinacoffeeshop.J
Anal Toxicol.2010;34(4):196-203.

Cone EJ, Bigelow GE, Herrmann ES, et al. Non-smoker exposure to
secondhand cannabis smoke. |.Urine screening and confirmation results. J
Anal Toxicol. 2015;39(1):1-12.d0i:10.1093/jat/bku116.

Wang X, Derakhshandeh R, Liu J, et al. One Minute of Marijuana
Secondhand Smoke Exposure Substantially Impairs Vascular Endothelial
Function.J Am Heart Assoc.2016;5(8).d0i:10.1161/JAHA.116.003858.

Martin CE,Longinaker N,Mark K,Chisolm MS, Terplan M.Recenttrendsin
treatment admissions for marijuana use during pregnancy. J Addict Med.
2015;9(2):99-104. d0i:10.1097/ADM.0000000000000095.

Young-WolffKC,TuckerL-Y,AlexeeffS,etal. Trendsin Self-reported and
Biochemically Tested Marijuana Use Among Pregnant Females in
California From 2009-2016. JAMA. 2017;318(24):2490.
doi:10.1001/jama.2017.17225

Kline J,Hutzler M,Levin B, Stein Z,Susser M,Warburton D.Marijuanaand
spontaneousabortionofknownkaryotype.Paediatr PerinatEpidemiol.
1991;5(3):320-332.

Wilcox AJ, Weinberg CR, Baird DD. Risk factors for early pregnancy loss.
Epidemiol Camb Mass. 1990;1(5):382-385.

Asch RH, Smith CG. Effects of delta 9-THC, the principal psychoactive
componentofmarijuana, during pregnancy intherhesus monkey.JReprod
Med. 1986;31(12):1071-1081.

Campolongo P, TrezzaV,Ratano P,Palmery M,Cuomo V.Developmental
consequences of perinatal cannabis exposure: behavioral and



54

9%.

9%.

97.

9.

9.

100.

101.

102.

103.

104.

neuroendocrine effects in adult rodents. Psychopharmacology (Berl).
2011;214(1):5-15. doi:10.1007/s00213-010-1892-x.

Fried PA, Watkinson B, Gray R. A follow-up study of attentional behavior in
6-year-old children exposed prenatally to marihuana, cigarettes, and
alcohol. Neurotoxicol Teratol.1992;14(5):299-311.

Goldschmidt L, Day NL, Richardson GA. Effects of prenatal marijuana
exposure on child behavior problems at age 10. Neurotoxicol Teratol.
2000;22(3):325-336.

Fried PA, Smith AM. A literature review of the consequences of prenatal
marihuanaexposure.Anemergingthemeofadeficiencyinaspectsof
executive function. Neurotoxicol Teratol. 2001;23(1):1-11.

Janisse JJ, Bailey BA, Ager J, Sokol RJ. Alcohol, tobacco, cocaine, and
marijuanause:relative contributions to preterm delivery and fetal growth
restriction. Subst Abuse. 2014;35(1):60-67.
do0i:10.1080/08897077.2013.804483.

Hayatbakhsh MR, Flenady VJ, Gibbons KS, et al. Birth outcomes associated
with cannabis use before and during pregnancy. Pediatr Res.
2012;71(2):215-219.d0i:10.1038/pr.2011.25.

Shiono PH, Klebanoff MA, Nugent RP, et al. The impact of cocaine and
marijuana use on low birth weight and preterm birth: amulticenter study. Am
J Obstet Gynecol. 1995;172(1 Pt 1):19-27.

Mark K, Desai A, Terplan M. Marijuanause and preghancy: prevalence,
associated characteristics, and birth outcomes. Arch Womens Ment Health.
2016;19(1):105-111.d0i:10.1007/s00737-015-0529-9.

Schempf AH, Strobino DM. lllicit Drug Use and Adverse Birth Outcomes: Is It
Drugs or Context? J Urban Health Bull N Y Acad Med. 2008;85(6):858-873.
d0i:10.1007/s11524-008-9315-6.

Tobacco, drug use in pregnancy can double risk of stillbirth.
https://www.nichd.nih.gov/news/releases/Pages/121113-stillbirth-drug-
use.aspx. Accessed December 16,2016.

Marijuana Use During Pregnancy and Lactation - ACOG. ACOG.
http://www.acoqg.org/Resources-And-Publications/Committee-



https://www.nichd.nih.gov/news/releases/Pages/121113-stillbirth-drug-use.aspx
https://www.nichd.nih.gov/news/releases/Pages/121113-stillbirth-drug-use.aspx
https://www.nichd.nih.gov/news/releases/Pages/121113-stillbirth-drug-use.aspx
http://www.acog.org/Resources-And-Publications/Committee-Opinions/Committee-on-Obstetric-Practice/Marijuana-Use-During-Pregnancy-and-Lactation
http://www.acog.org/Resources-And-Publications/Committee-Opinions/Committee-on-Obstetric-Practice/Marijuana-Use-During-Pregnancy-and-Lactation

35

105.

106.

107.

108.

109.

110.

111

112,

113.

Opinions/Committee-on-Obstetric-Practice/Marijuana-Use-During-
Pregnancy-and-Lactation. Published July 2015. Accessed October 12,
2016.

Roberson EK, Patrick WK, Hurwitz EL. Marijuana use and maternal
experiences of severe nausea during pregnancy in Hawai’i. Hawaii J Med
Public Health J Asia Pac Med Public Health.2014;73(9):283-287.

Westfall RE, Janssen PA, Lucas P, Capler R. Survey of medicinal cannabis
use among childbearing women: patterns of its use in pregnancy and
retroactiveself-assessmentofits efficacyagainst “morning sickness.”
Complement Ther Clin Pract. 2006;12(1):27-33.
doi:10.1016/j.ctcp.2005.09.006.

TrezzaV,Campolongo P,Cassano T,etal.Effectsofperinatal exposureto
delta-9-tetrahydrocannabinol on the emotional reactivity of the offspring: a
longitudinal behavioral study in Wistar rats. Psychopharmacology (Berl).
2008;198(4):529-537.d0i:10.1007/s00213-008-1162-3.

Mereu G,FaM,FerraroL,etal.Prenatal exposuretoacannabinoid agonist
produces memory deficits linked to dysfunction in hippocampal long-term
potentiation and glutamate release. Proc Natl Acad Sci U S A.
2003;100(8):4915-4920. d0i:10.1073/pnas.0537849100.

Fried PA, Makin JE. Neonatal behavioural correlates of prenatal exposure to
marihuana,cigarettesand alcoholinalowriskpopulation.Neurotoxicol
Teratol. 1987;9(1):1-7.

deMoraesBarros MC,Guinsburg R,Mitsuhiro S,Chalem E,LaranjeiraRR.
Neurobehavioral profile of healthy full-term newborn infants of adolescent
mothers. Early Hum Dev. 2008;84(5):281-287.
doi:10.1016/j.earlhumdev.2007.07.001.

Richardson GA, Ryan C, Willford J, Day NL, Goldschmidt L. Prenatal alcohol
and marijuanaexposure: effectsonneuropsychological outcomesat10
years. Neurotoxicol Teratol.2002;24(3):309-320.

Goldschmidt L, Day NL, Richardson GA. Effects of prenatal marijuana
exposure on child behavior problems at age 10. Neurotoxicol Teratol.
2000;22(3):325-336.

Sonon KE, Richardson GA, Cornelius JR, Kim KH, Day NL. Prenatal


http://www.acog.org/Resources-And-Publications/Committee-Opinions/Committee-on-Obstetric-Practice/Marijuana-Use-During-Pregnancy-and-Lactation
http://www.acog.org/Resources-And-Publications/Committee-Opinions/Committee-on-Obstetric-Practice/Marijuana-Use-During-Pregnancy-and-Lactation

56

114,

115.

116.

117.

118.

marijuana exposure predicts marijuana use in young adulthood.
Neurotoxicol Teratol. 2015;47:10-15.d0i:10.1016/j.ntt.2014.11.003.

Perez-Reyes M, Wall ME. Presence of delta9-
tetrahydrocannabinol in human milk. N Engl J Med.
1982;307(13):819-820. d0i:10.1056/NEJM198209233071311.

Astley SJ, Little RE. Maternal marijuana use during lactation and
infant developmentatoneyear.Neurotoxicol Teratol.
1990;12(2):161-168.

Djulus J,MorettiM,Koren G.Marijuanauseand breastfeeding.
Can Fam Physician Médecin Fam Can.2005;51:349-350.

BudneyAJ,RoffmanR,Stephens RS,Walker D.Marijuana
Dependence and Its Treatment. Addict Sci Clin Pract.
2007;4(1):4-16.

Diamond G,Panichelli-Mindel SM,SheraD,Dennis M, Tims F,
UngemackJ. Psychiatric Syndromes in Adolescents with
Marijuana Abuse and Dependency in Outpatient Treatment. J
Child Adolesc Subst Abuse. 2006;15(4):37-54.
doi:10.1300/J029v15n04_02.



