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What is  
marijuana?

from the director:
Changes in marijuana policies across  
states legalizing marijuana for medical  
and/or recreational use suggest that  
marijuana is gaining greater acceptance  
in our society. Thus, it is particularly  
important for people to understand  
what is known about both the adverse  
health effects and the potential  
therapeutic benefits linked to marijuana. 

Because marijuana impairs short-term  
memory and judgment and distorts  
perception, it can impair performance  
in school or at work and make it  
dangerous to drive an automobile.  
It also affects brain systems that  
are still maturing through young  
adulthood, so regular use by teens  
may have a negative and long-lasting  
effect 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  
may make other forms of drug abuse or  
addiction more likely. 

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, there  
are currently no FDA-approved indications  
for “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 Report is intended as a  
useful summary of what the most up-to-date  
science has to say about marijuana and its  
effects on those who use it — both young  
and old.

Nora D. Volkow, M.D. 
Director 
National Institute on Drug Abuse 

How does marijuana 
use affect school, 
work, and social life? 
See page 7.

M
arijuana — also called weed, herb, pot, grass, bud, ganja, Mary Jane, 
and a vast number of other slang terms — is a greenish-gray mixture  

RI�WKH�GULHG��VKUHGGHG�OHDYHV�DQG�ÀRZHUV�RI�Cannabis sativa — the 

hemp plant. Some users smoke marijuana in hand-rolled cigarettes called joints;  

PDQ\�XVH�SLSHV��ZDWHU�SLSHV��VRPHWLPHV�FDOOHG�bongs), or marijuana cigars called 

blunts��RIWHQ�PDGH�E\�VOLFLQJ�RSHQ�FLJDUV�DQG�UHSODFLQJ�VRPH�RU�DOO�RI�WKH�WREDFFR�
ZLWK�PDULMXDQD��1 0DULMXDQD�FDQ�DOVR�EH�XVHG�WR�EUHZ�WHD�DQG��SDUWLFXODUO\�ZKHQ� 
it is sold or consumed for medicinal purposes, is frequently mixed into foods 

�³HGLEOHV´��VXFK�DV�EURZQLHV��FRRNLHV��RU�FDQGLHV��,Q�DGGLWLRQ��FRQFHQWUDWHG�UHVLQV�
FRQWDLQLQJ�KLJK�GRVHV�RI�PDULMXDQD¶V�DFWLYH�LQJUHGLHQWV��LQFOXGLQJ�KRQH\�OLNH�³KDVK�
RLO�´�ZD[\�³EXGGHU�´�DQG�KDUG�DPEHU�OLNH�³VKDWWHU�´�DUH�LQFUHDVLQJO\�SRSXODU�DPRQJ�
both recreational and medical users. 

 

The main psychoactive��PLQG�DOWHULQJ��FKHPLFDO�LQ�PDULMXDQD��UHVSRQVLEOH� 
for most of the intoxicating effects sought by recreational users, is delta-9- 

WHWUDK\GUR�FDQQDELQRO��7+&���7KH�FKHPLFDO�LV�IRXQG�LQ�UHVLQ�SURGXFHG�E\�WKH� 
leaves and buds primarily of the female cannabis plant. The plant also contains  

more than 500 other chemicals, including over 100 compounds that are chemically 

UHODWHG�WR�7+&��FDOOHG�cannabinoids.2 
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What is the scope 
of marijuana 
use in the 
United States?
Marijuana is the most commonly 

XVHG�LOOLFLW�GUXJ�������PLOOLRQ�
past-month users) according to the 

2013 National Survey on Drug Use 

DQG�+HDOWK��16'8+��3 That year, 

PDULMXDQD�ZDV�XVHG�E\������SHUFHQW�
RI�FXUUHQW�LOOLFLW�GUXJ�XVHUV��GH¿QHG�
as having used a drug at some time 

in the 30 days before the survey) 

DQG�ZDV�WKH�RQO\�GUXJ�XVHG�E\������
percent of them. 

0DULMXDQD�XVH�LV�ZLGHVSUHDG�
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  

PDULMXDQD�XVH�E\��th-, 10th-, and  

12th-graders have held steady in 

WKH�SDVW�IHZ�\HDUV�IROORZLQJ�VHYHUDO�
years of increase in the previous 

decade. Teens’ perceptions of the 

risks of marijuana use have steadily 

declined over the past decade,  

possibly related to increasing public 

debate about legalizing or loosening 

restrictions on marijuana for  

medicinal and recreational use.  

,Q������������SHUFHQW�RI��th-graders  

reported marijuana use in the past 

\HDU�DQG�����SHUFHQW�ZHUH�FXUUHQW�
users. Among 10th�JUDGHUV������� 
percent had used marijuana in the 

SDVW�\HDU�DQG������SHUFHQW�ZHUH�
current users. Rates of use among 

12th�JUDGHUV�ZHUH�KLJKHU�VWLOO�������
percent had used marijuana during 

the year prior to the survey and  

�����SHUFHQW�ZHUH�FXUUHQW�XVHUV�� 
����SHUFHQW�VDLG�WKH\�XVHG�PDULMXDQD�
daily or near-daily.�

Medical emergencies possibly 

related to marijuana use have also 

increased. The Drug Abuse  

:DUQLQJ�1HWZRUN��'$:1���D� 
system for monitoring the health  

impact of drugs, estimated that in 

������WKHUH�ZHUH�QHDUO\���������
drug-related emergency department 

YLVLWV�LQ�WKH�8QLWHG�6WDWHV�LQ�ZKLFK�
PDULMXDQD�XVH�ZDV�PHQWLRQHG�LQ�WKH�
PHGLFDO�UHFRUG��D����SHUFHQW�LQFUHDVH�
RYHU��������$ERXW�WZR�WKLUGV�RI� 
SDWLHQWV�ZHUH�PDOH�DQG����SHUFHQW�
ZHUH�EHWZHHQ�WKH�DJHV�RI����DQG����5  
,W�LV�XQNQRZQ�ZKHWKHU�WKLV�LQFUHDVH� 
is due to increased use, increased  

potency�RI�PDULMXDQD��DPRXQW�RI�
7+&�LW�FRQWDLQV���RU�RWKHU�IDFWRUV�� 
,W�VKRXOG�EH�QRWHG��KRZHYHU��WKDW�
mentions of marijuana in medical 

records do not necessarily indicate 

WKDW�WKHVH�HPHUJHQFLHV�ZHUH�GLUHFWO\�
related to marijuana intoxication. 

Long-Term Trends in Annual* Marijuana Use 
Among 8th-, 10th-, and 12th-Graders

*use in the past 12 months
Source: University of Michigan, 2014 Monitoring the Future Survey.
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What are 
marijuana effects? 

• When marijuana is smoked,  

7+&�DQG�RWKHU�FKHPLFDOV�LQ�WKH� 
plant pass from the lungs into the 

EORRGVWUHDP��ZKLFK�UDSLGO\�FDUULHV�
them throughout the body and  

to the brain. The user begins to  

experience their effects almost 

immediately (see “How does  

marijuana produce its effects?”). 

Many users experience a pleasant 

euphoria and sense of relaxation. 

2WKHU�FRPPRQ�HIIHFWV��ZKLFK�PD\�
vary dramatically among different 

users, include heightened sensory 

SHUFHSWLRQ��H�J���EULJKWHU�FRORUV���
laughter, altered perception of  

time, and increased appetite. 

�� ,I�PDULMXDQD�LV�FRQVXPHG�LQ�IRRGV� 
or beverages, these effects are  

VRPHZKDW�GHOD\HG�²�XVXDOO\� 
appearing after 30 minutes to 1 

KRXU�²�EHFDXVH�WKH�GUXJ�PXVW�¿UVW�
pass through the digestive system. 

Eating or drinking marijuana  

GHOLYHUV�VLJQL¿FDQWO\�OHVV�7+&�
into the bloodstream than smoking 

an equivalent amount of the plant. 

Because of the delayed effects,  

users may inadvertently consume  

PRUH�7+&�WKDQ�WKH\�LQWHQG�WR�

�� 3OHDVDQW�H[SHULHQFHV�ZLWK�PDULMXDQD�
DUH�E\�QR�PHDQV�XQLYHUVDO��,QVWHDG� 
of relaxation and euphoria, some 

users experience anxiety, fear,  

distrust, or panic. These effects  

DUH�PRUH�FRPPRQ�ZKHQ�WRR�PXFK� 
is taken, the marijuana has an  

unexpectedly high potency, or  

a user is inexperienced. People  

ZKR�KDYH�WDNHQ�ODUJH�GRVHV�RI� 
marijuana may experience an  

DFXWH�SV\FKRVLV��ZKLFK�LQFOXGHV� 
hallucinations, delusions, and a  

loss of the sense of personal identity. 

These unpleasant but temporary  

reactions are distinct from longer-

lasting psychotic disorders, such  

as schizophrenia, that may be  

DVVRFLDWHG�ZLWK�WKH�XVH�RI�PDULMXDQD�
in vulnerable individuals. (See “Is 

there a link between marijuana 

use and mental illness?”)

Although detectable amounts 

RI�7+&�PD\�UHPDLQ�LQ�WKH�ERG\�
IRU�GD\V�RU�HYHQ�ZHHNV�DIWHU�XVH��
the noticeable effects of smoked 

marijuana generally last from 1 

to 3 hours and those of marijuana 

consumed in food or drink may  

last for many hours. 

How does 
marijuana 
produce its 
effects?
7+&�DQG�RWKHU�FDQQDELQRLG� 
chemicals in marijuana are similar  

to cannabinoid chemicals that 

naturally occur in the body. These 

endogenous cannabinoids��VXFK� 
as anandamide; VHH�¿JXUH�EHORZ) 

function as neurotransmitters  

because they send chemical  

PHVVDJHV�EHWZHHQ�QHUYH�FHOOV� 
�neurons) throughout the nervous 

system. They affect brain areas  

WKDW�LQÀXHQFH�SOHDVXUH��PHPRU\��
thinking, concentration, movement, 

coordination, and sensory and time 

perception. Because of this similarity, 

7+&�LV�DEOH�WR�DWWDFK�WR�PROHFXOHV�
called cannabinoid receptors on  

neurons in these brain areas and  

activate them, disrupting various 

mental and physical functions  

and causing the effects described 

earlier. The neural communication 

QHWZRUN�WKDW�XVHV�WKHVH�FDQQDELQRLG� 
QHXURWUDQVPLWWHUV��NQRZQ�DV�WKH� 
endocannabinoid system, plays a 

critical role in the nervous system’s 

normal functioning, so interfering 

ZLWK�LW�FDQ�KDYH�SURIRXQG�HIIHFWV��
)RU�H[DPSOH��7+&�LV�DEOH� 

to alter the functioning of the  

hippocampus (see “Marijuana, 

Memory, and the Hippocampus”) 

and orbitofrontal cortex, brain  

areas that enable a person to  

IRUP�QHZ�PHPRULHV�DQG�VKLIW� 
their attentional focus. As a result,  

THC’s chemical structure is similar to the brain chemical anandamide. Similarity in structure 
allows drugs to be recognized by the body and to alter normal brain communication
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Marijuana users who have taken large doses of the drug may 
experience an acute psychosis, which includes hallucinations, 
delusions, and a loss of the sense of personal identity. 

Does marijuana 
use affect driving?
0DULMXDQD�VLJQL¿FDQWO\�LPSDLUV�
judgment, motor coordination, and 

reaction time, and studies have 

IRXQG�D�GLUHFW�UHODWLRQVKLS�EHWZHHQ�
EORRG�7+&�FRQFHQWUDWLRQ�DQG�
impaired driving ability.��� Marijuana 

is the illicit drug most frequently 

IRXQG�LQ�WKH�EORRG�RI�GULYHUV�ZKR�
have been involved in accidents, 

including fatal ones���DOWKRXJK�LW�
is important to note that marijuana 

FDQ�UHPDLQ�GHWHFWDEOH�LQ�ERG\�ÀXLGV�
IRU�GD\V�RU�HYHQ�ZHHNV�DIWHU�DFXWH�
intoxication). A meta-analysis of 

multiple studies found that the risk 

of being involved in an accident 

roughly doubles after marijuana use.9  

using marijuana causes impaired 

WKLQNLQJ�DQG�LQWHUIHUHV�ZLWK�D� 
user’s ability to learn and to  

SHUIRUP�FRPSOLFDWHG�WDVNV��7+&� 
also disrupts functioning of the  

cerebellum and basal ganglia,  

brain areas that regulate balance, 

posture, coordination, and reaction 

WLPH��7KLV�LV�WKH�UHDVRQ�SHRSOH�ZKR� 
have used marijuana may not  

be able to drive a car safely  

(see “Does marijuana use  

DIIHFW�GULYLQJ"´� and may be  

impaired at playing sports or  

other physical activities.

7+&��DFWLQJ�WKURXJK� 
cannabinoid receptors, also  

DFWLYDWHV�WKH�EUDLQ¶V�UHZDUG� 
V\VWHP��ZKLFK�LQFOXGHV�UHJLRQV� 
that govern the response to  

healthy pleasurable behaviors  

like sex and eating. Like most  

RWKHU�GUXJV�RI�DEXVH��7+&� 
stimulates neurons in the  

UHZDUG�V\VWHP�WR�UHOHDVH�WKH� 
signaling chemical dopamine  

at levels higher than typically  

observed in response to natural 

VWLPXOL��7KLV�ÀRRG�RI�GRSDPLQH� 
contributes to the pleasurable  

³KLJK´�WKDW�UHFUHDWLRQDO�PDULMXDQD�
users seek. 

When marijuana is smoked, its active ingredient, THC, travels throughout the body, including the brain, to produce its many 
effects. THC attaches to sites called cannabinoid receptors on nerve cells in the brain, affecting the way those cells work. 
Cannabinoid receptors are abundant in parts of the brain that regulate movement, coordination, learning and memory, higher 
cognitive functions such as judgment, and pleasure.

Marijuana’s Effects on the Brain

© Alice Y. Chen, 2004. Adapted from Scientific American.
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$FFLGHQW�LQYROYHG�GULYHUV�ZLWK�7+&�LQ�
their blood, particularly higher levels, 

are three to seven times more likely 

to be responsible for the accident than 

GULYHUV�ZKR�KDG�QRW�XVHG�GUXJV� 
or alcohol. The risk associated  

ZLWK�PDULMXDQD�LQ�FRPELQDWLRQ� 
ZLWK�DOFRKRO�DSSHDUV�WR�EH�JUHDWHU� 
than that for either drug by itself.� 

 

Is marijuana 
addictive? 
Yes. Over time, overstimulation  

of the endocannabinoid system  

by marijuana use can cause changes  

in the brain that lead to addiction,  

D�FRQGLWLRQ�LQ�ZKLFK�D�SHUVRQ� 
cannot stop using a drug even  

WKRXJK�LW�LQWHUIHUHV�ZLWK�PDQ\� 
DVSHFWV�RI�KLV�RU�KHU�OLIH��,W�LV� 
estimated that 9 percent of people  

ZKR�XVH�PDULMXDQD�ZLOO�EHFRPH�
dependent on it.10,11 The number  

JRHV�XS�WR�DERXW����SHUFHQW�LQ� 
WKRVH�ZKR�VWDUW�XVLQJ�\RXQJ��LQ� 
their teens) and to 25 to 50 percent 

among daily users.12,13 According 

WR�WKH������16'8+��PDULMXDQD�
DFFRXQWHG�IRU�����PLOOLRQ�RI�WKH�
HVWLPDWHG�����PLOOLRQ�$PHULFDQV�
dependent on or abusing  

illicit drugs.3 

Marijuana addiction is linked to  

D�PLOG�ZLWKGUDZDO�V\QGURPH��)UHTXHQW�
marijuana users often report irritability, 

PRRG�DQG�VOHHS�GLI¿FXOWLHV��GHFUHDVHG�
appetite, cravings, restlessness, and/or  

various forms of physical discomfort 

WKDW�SHDN�ZLWKLQ�WKH�¿UVW�ZHHN�DIWHU�
TXLWWLQJ�DQG�ODVW�XS�WR���ZHHNV������  

What are 
marijuana’s  
long-term effects 
on the brain? 
Substantial evidence from animal 

UHVHDUFK�DQG�D�JURZLQJ�QXPEHU�
of studies in humans indicate 

that marijuana exposure during 

development can cause long-term  

or possibly permanent adverse 

changes in the brain. Rats exposed  

WR�7+&�EHIRUH�ELUWK��VRRQ�DIWHU� 
ELUWK��RU�GXULQJ�DGROHVFHQFH�VKRZ�
QRWDEOH�SUREOHPV�ZLWK�VSHFL¿F� 
learning and memory tasks later in 

 

Rising Potency

Marijuana potency, as detected in confiscated samples, has  
steadily increased over the past few decades.2 In the early 1990s,  
the average THC content in confiscated cannabis samples was 
roughly 3.7 percent for marijuana and 7.5 percent for sinsemilla  
(a higher potency marijuana from specially tended female plants).  
In 2013, it was 9.6 percent for marijuana and 16 percent for  
sinsemilla.16 Also, newly popular methods of smoking or eating  
THC-rich hash oil extracted from the marijuana plant (a practice  
called “dabbing”) may deliver very high levels of THC to the user.  
The average marijuana extract contains over 50 percent THC, with 
some samples exceeding 80 percent. These trends raise concerns 
that the consequences of marijuana use could be worse than in  
the past, particularly among new users or in young people, whose 
brains are still developing (see “What are 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 department visits by people testing  
positive for marijuana are related to rising potency. The extent  
to which marijuana users adjust for increased potency by using  
less or by smoking it differently is also unknown. Recent studies  
suggest that experienced users may adjust the amount they smoke 
and how much they inhale based on the believed strength of the 
marijuana they are using, but are not able to fully compensate for 
variations in potency.17,18  

life.19 – 21�&RJQLWLYH�LPSDLUPHQWV�LQ�
DGXOW�UDWV�H[SRVHG�WR�7+&�GXULQJ�
DGROHVFHQFH�DUH�DVVRFLDWHG�ZLWK�
structural and functional changes 

in the hippocampus.���±��� Studies 

LQ�UDWV�DOVR�VKRZ�WKDW�DGROHVFHQW�
H[SRVXUH�WR�7+&�LV�DVVRFLDWHG�ZLWK�
DQ�DOWHUHG�UHZDUG�V\VWHP��LQFUHDVLQJ�
WKH�OLNHOLKRRG�WKDW�DQ�DQLPDO�ZLOO�
VHOI�DGPLQLVWHU�RWKHU�GUXJV��H�J���
KHURLQ��ZKHQ�JLYHQ�DQ�RSSRUWXQLW\�
�VHH�³,V�PDULMXDQD�D�JDWHZD\�
GUXJ"´�. ,PDJLQJ�VWXGLHV�LQ�KXPDQ�
DGROHVFHQWV�VKRZ�WKDW�UHJXODU�
marijuana users display impaired 

QHXUDO�FRQQHFWLYLW\�LQ�VSHFL¿F�EUDLQ�
regions involved in a broad range
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and a similar role has been proposed 

IRU�WKH�UH¿QHPHQW�RI�QHXUDO�
connections during adolescence. 

,I�FRQ¿UPHG�E\�IXWXUH�UHVHDUFK��
WKLV�PD\�EH�RQH�DYHQXH�E\�ZKLFK�
marijuana use during adolescence 

produces its long-term effects.��   

7KH�DELOLW\�WR�GUDZ�GH¿QLWLYH�
conclusions about marijuana’s long-

term impact on the human brain 

from past studies is often limited  

by the fact that study participants 

use multiple substances, and 

there is often limited data about 

the participants’ health or mental 

functioning prior to the study.  

Over the next decade, the National 

,QVWLWXWHV�RI�+HDOWK�LV�SODQQLQJ�WR�
fund a major longitudinal study that 

ZLOO�WUDFN�D�ODUJH�VDPSOH�RI�\RXQJ�
Americans from late childhood 

�EHIRUH�¿UVW�XVH�RI�GUXJV��WR�HDUO\�
DGXOWKRRG��7KH�VWXG\�ZLOO�XVH�
neuroimaging and other advanced 

WRROV�WR�FODULI\�SUHFLVHO\�KRZ� 
DQG�WR�ZKDW�H[WHQW�PDULMXDQD�DQG�
other substances, alone and in 

combination, affect adolescent  

brain development.

Is marijuana a 
gateway drug? 
Early exposure to cannabinoids  

in adolescent rodents decreases  

the reactivity of brain dopamine  

UHZDUG�FHQWHUV�ODWHU�LQ�DGXOWKRRG���  
7R�WKH�H[WHQW�WKDW�WKHVH�¿QGLQJV�
generalize to humans, this could 

help explain early marijuana initiates’ 

increased vulnerability for drug abuse 

and addiction to other substances  

of abuse later in life that has been  

reported by most epidemiological 

studies.29�,W�LV�DOVR�FRQVLVWHQW�ZLWK� 
DQLPDO�H[SHULPHQWV�VKRZLQJ�7+&¶V�
DELOLW\�WR�³SULPH´�WKH�EUDLQ�IRU� 
enhanced responses to other drugs.30  

For example, rats previously  

DGPLQLVWHUHG�7+&�VKRZ�KHLJKWHQHG�
EHKDYLRUDO�UHVSRQVH�QRW�RQO\�ZKHQ�
IXUWKHU�H[SRVHG�WR�7+&�EXW�DOVR�
ZKHQ�H[SRVHG�WR�RWKHU�GUXJV�VXFK�DV�
morphine — a phenomenon called 

cross-sensitization.31  

 

of executive functions like memory, 

learning, and impulse control 

compared to non-users.25  

7KH�ODWWHU�¿QGLQJV�PD\�KHOS�
explain the results of a large 

longitudinal study conducted in  

1HZ�=HDODQG��ZKLFK�IRXQG�WKDW�
frequent and persistent marijuana 

XVH�VWDUWLQJ�LQ�DGROHVFHQFH�ZDV�
DVVRFLDWHG�ZLWK�D�ORVV�RI�DQ�DYHUDJH�
RI���,4�SRLQWV�PHDVXUHG�LQ�PLG�
adulthood.���6LJQL¿FDQWO\��LQ�WKDW�
VWXG\��WKRVH�ZKR�XVHG�PDULMXDQD�
heavily as teenagers and quit using 

DV�DGXOWV�GLG�QRW�UHFRYHU�WKH�ORVW�,4�
SRLQWV��8VHUV�ZKR�RQO\�EHJDQ�XVLQJ�
marijuana heavily in adulthood 

GLG�QRW�ORVH�,4�SRLQWV��7KHVH�
results suggest that marijuana has 

its strongest long-term impact on 

\RXQJ�XVHUV�ZKRVH�EUDLQV�DUH�VWLOO�
EXV\�EXLOGLQJ�QHZ�FRQQHFWLRQV�
DQG�PDWXULQJ�LQ�RWKHU�ZD\V��7KH�
HQGRFDQQDELQRLG�V\VWHP�LV�NQRZQ�
to play an important role in the 

SURSHU�IRUPDWLRQ�RI�V\QDSVHV��WKH�
FRQQHFWLRQV�EHWZHHQ�QHXURQV��
during early brain development, 

 

 

 

Memory impairment from 
marijuana use occurs because 
THC alters how information is 
processed in the hippocampus, 
a brain area responsible for 
memory formation.

Most of the evidence supporting 
this assertion comes from 
animal studies. For example, 
rats exposed to THC in utero, 
soon after birth, or during 
adolescence, show notable 
problems with specific  
learning/memory tasks later 
in life. Moreover, cognitive 
impairment in adult rats is 
associated with structural  

and functional changes in 
the hippocampus from THC 
exposure during adolescence.

As people age, they lose 
neurons in the hippocampus, 
which decreases their 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 life-span) 
showed a level of nerve cell 
loss (at 11 to 12 months of age) 
that equaled that of unexposed 
animals twice their age. 

Marijuana, Memory, and 
the Hippocampus

Distribution of cannabinoid receptors in the rat brain. 
Brain image reveals high levels (shown in orange 
and yellow) of cannabinoid receptors in many areas, 
including the cortex, hippocampus, cerebellum, and 
nucleus accumbens (ventral striatum).
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7KHVH�¿QGLQJV�DUH�FRQVLVWHQW� 
ZLWK�WKH�LGHD�RI�PDULMXDQD�DV�D� 
³JDWHZD\�GUXJ�´�+RZHYHU��PRVW�
SHRSOH�ZKR�XVH�PDULMXDQD�GR� 
QRW�JR�RQ�WR�XVH�RWKHU��³KDUGHU´� 
substances. Also, cross-sensitization 

is not unique to marijuana. Alcohol 

and nicotine also prime the brain 

for a heightened response to other 

drugs32 and are, like marijuana,  

also typically used before a person  

progresses to other, more  

harmful substances. 

,W�LV�LPSRUWDQW�WR�QRWH�WKDW� 
other factors besides biological 

mechanisms, such as a person’s  

social environment, are also critical  

in a person’s risk for drug use.  

$Q�DOWHUQDWLYH�WR�WKH�JDWHZD\�GUXJ� 
K\SRWKHVLV�LV�WKDW�SHRSOH�ZKR�DUH�
more vulnerable to drug-taking are 

VLPSO\�PRUH�OLNHO\�WR�VWDUW�ZLWK� 
readily available substances like  

marijuana, tobacco, or alcohol,  

and their subsequent social  

LQWHUDFWLRQV�ZLWK�RWKHU�GUXJ�XVHUV�
increases their chances of trying  

other drugs. Further research is 

needed to explore this question.

How does 
marijuana use 
affect school, 
work, and 
social life?
5HVHDUFK�KDV�VKRZQ�WKDW� 
marijuana’s negative effects on 

attention, memory, and learning 

FDQ�ODVW�IRU�GD\V�RU�ZHHNV�DIWHU�WKH�
DFXWH�HIIHFWV�RI�WKH�GUXJ�ZHDU�RII��
depending on the user’s history  

ZLWK�WKH�GUXJ�33�&RQVHTXHQWO\��
VRPHRQH�ZKR�VPRNHV�PDULMXDQD�
daily may be functioning at a 

reduced intellectual level most or  

DOO�RI�WKH�WLPH��&RQVLGHUDEOH�
evidence suggests that students 

ZKR�VPRNH�PDULMXDQD�KDYH�SRRUHU�
educational outcomes than their 

nonsmoking peers. For example, a 

UHYLHZ�RI����UHOHYDQW�VWXGLHV�IRXQG�
PDULMXDQD�XVH�WR�EH�DVVRFLDWHG�ZLWK�
UHGXFHG�HGXFDWLRQDO�DWWDLQPHQW��L�H��
reduced chances of graduating).��  

A recent analysis using data from 

three large studies in Australia and 

1HZ�=HDODQG�IRXQG�WKDW�DGROHVFHQWV�
ZKR�XVHG�PDULMXDQD�UHJXODUO\�ZHUH�
VLJQL¿FDQWO\�OHVV�OLNHO\�WKDQ�WKHLU�
QRQ�XVLQJ�SHHUV�WR�¿QLVK�KLJK�
school or obtain a degree. They 

also had a much higher chance 

of later developing dependence, 

using other drugs, and attempting 

suicide.35 Several studies have also 

OLQNHG�KHDY\�PDULMXDQD�XVH�WR�ORZHU�
LQFRPH��JUHDWHU�ZHOIDUH�GHSHQGHQFH��
unemployment, criminal behavior, 

DQG�ORZHU�OLIH�VDWLVIDFWLRQ������ 

7R�ZKDW�GHJUHH�PDULMXDQD�XVH�LV�
directly causal in these associations 

remains an open question requiring 

IXUWKHU�UHVHDUFK��,W�LV�SRVVLEOH�
that other factors independently 

predispose people to both 

marijuana use and various negative 

life outcomes such as school 

dropout.�� That said, marijuana 

users themselves report a perceived 

LQÀXHQFH�RI�WKHLU�PDULMXDQD�XVH�
on poor outcomes on a variety of 

life satisfaction and achievement 

measures. One study, for example, 

compared current and former long-

term, heavy users of marijuana 

ZLWK�D�FRQWURO�JURXS�ZKR�UHSRUWHG�
smoking marijuana at least once 

in their lives but not more than 50 

times.39 All participants had similar 
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Studies have also suggested 

VSHFL¿F�OLQNV�EHWZHHQ�PDULMXDQD�
use and adverse consequences in 

WKH�ZRUNSODFH��VXFK�DV�LQFUHDVHG�
risk for injury or accidents.�� One 

VWXG\�DPRQJ�SRVWDO�ZRUNHUV�IRXQG�
WKDW�HPSOR\HHV�ZKR�WHVWHG�SRVLWLYH�
for marijuana on a pre-employment 

urine drug test had 55 percent more 

LQGXVWULDO�DFFLGHQWV�����SHUFHQW� 
PRUH�LQMXULHV��DQG����SHUFHQW� 
greater absenteeism compared  

ZLWK�WKRVH�ZKR�WHVWHG�QHJDWLYH� 
for marijuana use.��  

education and income backgrounds, 

EXW�VLJQL¿FDQW�GLIIHUHQFHV�ZHUH�
IRXQG�LQ�WKHLU�HGXFDWLRQDO�DWWDLQPHQW��
)HZHU�RI�WKH�KHDY\�FDQQDELV�XVHUV�
completed college and more had 

yearly household incomes less than 

���������:KHQ�DVNHG�KRZ�PDULMXDQD�
affected their cognitive abilities, 

career achievements, social lives, 

and physical and mental health, the 

majority of heavy users reported  

that marijuana had negative effects  

in all these areas of their lives. 

 

 

 

 

 

 

 

 

 

Is there a 
link between 
marijuana use and 
mental illness?
Several studies have linked marijuana 

use to increased risk for mental 

illnesses, including psychosis 

�VFKL]RSKUHQLD���GHSUHVVLRQ��DQG�
DQ[LHW\��EXW�ZKHWKHU�DQG�WR�ZKDW�
extent it actually causes these 

FRQGLWLRQV�LV�QRW�DOZD\V�HDV\�WR�
determine.19 The amount of drug 

XVHG��WKH�DJH�DW�¿UVW�XVH��DQG�JHQHWLF�
YXOQHUDELOLW\�KDYH�DOO�EHHQ�VKRZQ�
WR�LQÀXHQFH�WKLV�UHODWLRQVKLS��7KH�
strongest evidence to date concerns 

WKH�OLQN�EHWZHHQ�PDULMXDQD�XVH�
and psychotic disorders in those 

ZLWK�D�SUHH[LVWLQJ�JHQHWLF�RU�RWKHU�
vulnerability.�� Recent research  

(see AKT1 Gene Variations and 

Psychosis) has found that marijuana 

XVHUV�ZKR�FDUU\�D�VSHFL¿F�YDULDQW�
of the AKT1�JHQH��ZKLFK�FRGHV�IRU�
an enzyme that affects dopamine 

signaling in the striatum, are at 

increased risk of developing  

psychosis. The striatum is an  

area of the brain that becomes 

DFWLYDWHG�DQG�ÀRRGHG�ZLWK� 
GRSDPLQH�ZKHQ�FHUWDLQ�VWLPXOL� 
are present. One study found that  

WKH�ULVN�IRU�WKRVH�ZLWK�WKLV�YDULDQW� 
ZDV�VHYHQ�WLPHV�KLJKHU�IRU�GDLO\�
PDULMXDQD�XVHUV�FRPSDUHG�ZLWK�
infrequent- or non-users.�� 

Another study found an 

increased risk of psychosis among 

DGXOWV�ZKR�KDG�XVHG�PDULMXDQD�
in adolescence and also carried 

D�VSHFL¿F�YDULDQW�RI�WKH�JHQH�IRU�
catechol-O-methyltransferase 

�&207���DQ�HQ]\PH�WKDW�GHJUDGHV�
neurotransmitters such as dopamine  

Whether adolescent marijuana use can contribute to developing psychosis later in 
adulthood appears to depend on whether a person already has a genetically based 
vulnerability to the disorder. The AKT1 gene governs an enzyme that affects brain 
signaling involving the neurotransmitter dopamine. Altered dopamine signaling is 
NQRZQ�WR�EH�LQYROYHG�LQ�VFKL]RSKUHQLD��$.7��FDQ�WDNH�RQH�RI�WKUHH�IRUPV�LQ�D�VSHFL¿F�
region of the gene implicated in susceptibility to schizophrenia: T/T, C/T, and C/C. 
Daily users of marijuana (green bars) with the C/C variant have a seven times higher 
risk of developing psychosis than infrequent marijuana users or nonusers. The risk 
for psychosis among those with the T/T variant was unaffected by whether they  
used marijuana. 

Source: Di Forti et al. Biol Psychiatry. 2012. 
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Genetic Variation in COMT Influences
the Harmful Effects of Abused Drugs

7KH�LQÀXHQFH�RI�DGROHVFHQW�PDULMXDQD�XVH�RQ�DGXOW�SV\FKRVLV�LV�DIIHFWHG�E\�JHQHWLF�
YDULDEOHV��7KLV�¿JXUH�VKRZV�WKDW�YDULDWLRQV�LQ�D�JHQH�FDQ�DIIHFW�WKH�OLNHOLKRRG�RI�
developing psychosis in adulthood, following exposure to cannabis in adolescence. 
The COMT gene governs an enzyme that breaks down dopamine, a brain chemical 
involved in schizophrenia. It comes in two forms: “Met” and “Val.” Individuals with 
one or two copies of the Val variant have a higher risk of developing schizophrenic-
type disorders if they used cannabis during adolescence (dark bars). Those with only 
the Met variant were unaffected by cannabis use.7  

Source: Caspi et al. Biol Psychiatry. 2005.

Adverse Consequences of Marijuana Use
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

• Sleep problems

Long-term (cumulative  
effects of repeated use)

• Potential for addiction

• Potential loss of IQ

• Increased risk of chronic  
cough, bronchitis

• Increased risk of  
schizophrenia in  
vulnerable people*

• Potentially increased  
risk of anxiety,  
depression, and  
amotivational syndrome*

* These are often reported co-occurring symptoms/disorders with chronic marijuana use. However, research  
has not yet determined whether marijuana is causal or just associated with these mental problems.

and norepinephrine.�� (see Genetic 

9DULDWLRQV�LQ�&207�,QÀXHQFHV�
the Harmful Effects of Abused 

'UXJV���Marijuana use has also 

EHHQ�VKRZQ�WR�ZRUVHQ�WKH�FRXUVH�
RI�LOOQHVV�LQ�SDWLHQWV�ZKR�DOUHDG\�
have schizophrenia. As mentioned 

previously, marijuana can also 

produce a brief psychotic reaction  

in non-schizophrenic users, 

especially at high doses, although 

WKLV�IDGHV�DV�WKH�GUXJ�ZHDUV�RII�
Other, less consistent 

associations have been reported  

EHWZHHQ�PDULMXDQD�XVH�DQG� 
depression, anxiety, suicidal 

thoughts among teens, and 

 personality disorders. Marijuana 

KDV�DOVR�EHHQ�DVVRFLDWHG�ZLWK�DQ�
amotivational syndrome��GH¿QHG�
as a diminished or absent drive 

WR�HQJDJH�LQ�W\SLFDOO\�UHZDUGLQJ�
activities. Because of the role of 

the endocannabinoid system in 

UHJXODWLQJ�PRRG�DQG�UHZDUG��LW�LV�
logical to hypothesize the existence 

of such a link underpinned by brain 

changes, but more research is needed 

WR�FRQ¿UP�DQG�EHWWHU�XQGHUVWDQG�LW��� 
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50 beats per minute or may even 

double in some cases. Taking other 

GUXJV�ZLWK�PDULMXDQD�FDQ�DPSOLI\�
this effect. 

Limited evidence suggests 

that a person’s risk of heart attack 

GXULQJ�WKH�¿UVW�KRXU�DIWHU�VPRNLQJ�
PDULMXDQD�LV�QHDUO\�¿YH�WLPHV�KLV�
or her usual risk.�� This observation 

could be partly explained by 

marijuana raising blood pressure 

�LQ�VRPH�FDVHV��DQG�KHDUW�UDWH�DQG�
reducing the blood’s capacity to 

carry oxygen.�� Marijuana may 

also cause orthostatic hypotension 

What are 
marijuana’s 
effects on general 
physical health?
:LWKLQ�D�IHZ�PLQXWHV�DIWHU� 
inhaling marijuana smoke,  

a person’s heart rate speeds up,  

the breathing passages relax and  

become enlarged, and blood vessels 

in the eyes expand, making the eyes 

ORRN�EORRGVKRW��UHG���7KH�KHDUW�
UDWH�²�QRUPDOO\����WR����EHDWV�SHU�
minute — may increase by 20 to 

�KHDG�UXVK�RU�GL]]LQHVV�RQ�VWDQGLQJ�
up), possibly raising danger from 

fainting and falls. Tolerance to 

some cardiovascular effects often 

GHYHORSV�ZLWK�UHSHDWHG�H[SRVXUH��� 
These health effects need to be 

examined more closely, particularly 

JLYHQ�WKH�LQFUHDVLQJ�XVH�RI�³PHGLFDO�
PDULMXDQD´�E\�SHRSOH�ZLWK�KHDOWK�
LVVXHV�DQG�ROGHU�DGXOWV�ZKR�PD\�
have increased baseline vulnerability 

due to age-related cardiovascular 

risk factors (see “Marijuana  

as Medicine”). 

Marijuana smoke, like tobacco 

smoke, is an irritant to the throat and 

lungs and can cause a heavy cough 

GXULQJ�XVH��,W�DOVR�FRQWDLQV�WR[LF�
gases and particles that can damage 

the lungs. Marijuana smoking 

LV�DVVRFLDWHG�ZLWK�ODUJH�DLUZD\�
LQÀDPPDWLRQ��LQFUHDVHG�DLUZD\�
UHVLVWDQFH��DQG�OXQJ�K\SHULQÀDWLRQ��
and regular marijuana smokers 

report more symptoms of chronic 

bronchitis than non-smokers.�� 

Smoking marijuana may also reduce 

the respiratory system’s immune 

response, increasing the likelihood 

of the user acquiring respiratory 

infections, including pneumonia.��  

One study found that frequent 

marijuana smokers used more 

sick days than other people, often 

because of respiratory illnesses.50  

Whether smoking marijuana 

causes lung cancer, as cigarette 

smoking does, is less certain. 

Although marijuana smoke contains 

carcinogenic��FDQFHU�FDXVLQJ��
combustion products, evidence 

IRU�D�OLQN�EHWZHHQ�PDULMXDQD�XVH�
and lung cancer has thus far been 

inconclusive.51 The very different 

ZD\V�PDULMXDQD�DQG�WREDFFR�DUH�
XVHG��LQFOXGLQJ�IDFWRUV�OLNH�KRZ�
frequently they are smoked during 

WKH�GD\�DQG�KRZ�ORQJ�WKH�VPRNH�LV�
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Marijuana as Medicine

The potential medicinal properties of marijuana and its components have 
been the subject of research and heated debate for decades. THC itself 
has proven medical benefits in particular formulations. There are two FDA-
approved, THC-based medications, dronabinol (Marinol®) and nabilone  
(Cesamet®), prescribed for the treatment of nausea in patients undergoing  
cancer chemotherapy and to stimulate appetite in patients with wasting 
syndrome due to AIDS.  

In addition, several other marijuana-based medications have been approved 
or are undergoing clinical trials. Nabiximols (Sativex®), which 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). CBD does not have the rewarding properties of THC,  
and anecdotal reports indicate it may have promise for the treatment of 
seizure disorders, among other conditions. A CBD-based medication called 
Epidiolex is currently being tested in the United States for the treatment  
of two forms of severe childhood epilepsy, Dravet syndrome and  
Lennox-Gastaut syndrome. 

Medications like these, which use purified chemicals derived from or based 
on those in the marijuana plant, are generally considered by researchers to 
be more promising therapeutically than use of the whole marijuana plant  
or its crude extracts. Development of drugs from botanicals such as the  
marijuana plant poses numerous challenges. Botanicals may contain  
hundreds of unknown, active chemicals, and it can be difficult to develop  
a product with accurate and 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, a growing 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 marijuana use by people with health- and/or age-
related vulnerabilities to whom it is dispensed — 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.  

KHOG�LQ�WKH�OXQJV��DV�ZHOO�DV�WKH�IDFW�
that many people use both substances 

make determining marijuana’s precise 

contribution to lung cancer risk, if any, 

GLI¿FXOW�WR�HVWDEOLVK��7KLV�LV�DQ�DUHD�
WKDW�ZLOO�UHTXLUH�PRUH�UHVHDUFK��

+RZHYHU��D�IHZ�VWXGLHV�KDYH�
VKRZQ�D�FOHDU�OLQN�EHWZHHQ�PDULMXDQD�
use in adolescence and increased risk 

for an aggressive form of testicular 

FDQFHU��QRQ�VHPLQRPDWRXV�WHVWLFXODU�
germ cell tumor) that predominantly 

strikes young adult males.52,53 The 

early onset of testicular cancers 

compared to lung and most other 

FDQFHUV�LQGLFDWHV�WKDW��ZKDWHYHU�WKH�
nature of marijuana’s contribution,  

LW�PD\�DFFXPXODWH�RYHU�MXVW�D�IHZ�
years of use. 

Can marijuana use 
during pregnancy 
harm the baby?
Animal research suggests that  

the body’s endocannabinoid 

system plays a role in the control 

of brain maturation, particularly 

in the development of emotional 

UHVSRQVHV��7KXV�7+&�H[SRVXUH�YHU\�
early in life may negatively affect 

brain development. Research in 

rats suggests that exposure to even 

ORZ�FRQFHQWUDWLRQV�RI�7+&�ODWH�LQ�
pregnancy could have profound and 

long-lasting consequences for both 
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Available Treatments for 
Marijuana Use Disorders 

Marijuana addiction appears to be very similar to other substance 
use disorders, although the long-term clinical outcomes may be  
less severe. On average, adults seeking treatment for marijuana 
use disorders have used marijuana nearly every day for more than 
10 years and have attempted to quit more than six times.61 People 
with marijuana use disorders, especially adolescents, often also 
suffer from other psychiatric disorders (comorbidity).62 They may 
also abuse or be addicted to other substances, such as cocaine or 
alcohol. Available studies indicate that effectively treating the mental 
health disorder with standard treatments involving medications and 
behavioral therapies may help reduce marijuana use, particularly 
among heavy users and those with more chronic mental disorders. 
The following behavioral treatments have shown promise:

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

•  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).

•  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 their own internal resources for change  
and engagement in treatment.

Currently, no medications are indicated 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 zolpidem (Ambien®),  
an anti-anxiety/anti-stress medication called buspirone (BuSpar®), 
and an anti-epileptic drug called gabapentin (Horizant®, Neurotin®) 
that may improve sleep and, possibly, executive function. Other 
agents being studied include the nutritional supplement N-acetyl-
cysteine and chemicals called FAAH inhibitors, which may reduce 
withdrawal by inhibiting the breakdown of the body’s own  
cannabinoids. Future directions include the study of substances 
called allosteric modulators that interact with cannabinoid receptors 
to inhibit THC’s rewarding effects.

brain and behavior of offspring.�� 

+XPDQ�VWXGLHV�KDYH�VKRZQ�WKDW�
VRPH�EDELHV�ERUQ�WR�ZRPHQ�
ZKR�XVHG�PDULMXDQD�GXULQJ�WKHLU�
pregnancies respond differently to 

visual stimuli, tremble more, and 

KDYH�D�KLJK�SLWFKHG�FU\��ZKLFK�FRXOG�
LQGLFDWH�SUREOHPV�ZLWK�QHXURORJLFDO�
development.������,Q�VFKRRO��FKLOGUHQ�
prenatally exposed to marijuana 

DUH�PRUH�OLNHO\�WR�VKRZ�JDSV�LQ�
problem-solving skills, memory, and 

the ability to remain attentive.����� 

0RUH�UHVHDUFK�LV�QHHGHG��KRZHYHU��
WR�GLVHQWDQJOH�PDULMXDQD¶V�VSHFL¿F�
effects from other environmental 

factors, including maternal nutrition, 

exposure to nurturing/neglect, and 

use of other substances by mothers.59 

Establishing marijuana’s effects on 

prenatal development is important, 

because roughly half of U.S. 

SUHJQDQFLHV�DUH�XQSODQQHG��ZLWK�WKH�
rate considerably higher for teens 

and young adults,���VR�PDQ\�ZRPHQ�
PD\�XVH�PDULMXDQD�ZLWKRXW�NQRZLQJ�
they are pregnant.
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To learn more about marijuana

and other drugs of abuse,  

YLVLW�WKH�1,'$�:HE�VLWH�DW�
ZZZ�GUXJDEXVH�JRY�or contact the 

DrugPubs Research Dissemination 

&HQWHU�DW�����1,'$�1,+�
���������������77<�7''��
���������������

 

Where can I get further information about marijuana? 

NIDA’S website includes:

�� ,QIRUPDWLRQ�RQ�GUXJV�RI�DEXVH� 
and related health consequences

�� 1,'$�SXEOLFDWLRQV��QHZV�� 
and events

• Resources for researchers, health 

care professionals, educators,  

and patients and families.

�� ,QIRUPDWLRQ�RQ�1,'$�UHVHDUFK� 
studies and clinical trials.

�� )XQGLQJ�LQIRUPDWLRQ��LQFOXGLQJ� 
program announcements  

and deadlines) 

�� ,QWHUQDWLRQDO�DFWLYLWLHV
�� /LQNV�WR�UHODWHG�ZHEVLWHV� 
�DFFHVV�WR�ZHEVLWHV�RI�PDQ\� 
RWKHU�RUJDQL]DWLRQV�LQ�WKH�¿HOG�

�� ,QIRUPDWLRQ�LQ�6SDQLVK��HQ�HVSDxRO�

NIDA websites and webpages
www.drugabuse.gov
www.teens.drugabuse.gov
www.easyread.drugabuse.gov
www.drugabuse.gov/drugs- 
abuse/marijuana
www.hiv.drugabuse.gov
www.researchstudies.drugabuse.gov
www.irp.drugabuse.gov

For Physician Information

 

www.drugabuse.gov/nidamed

Other websites

,QIRUPDWLRQ�RQ�PDULMXDQD�LV�DOVR�
available through the 

• Substance Abuse and Mental 

+HDOWK�6HUYLFHV�$GPLQLVWUDWLRQ�
www.samhsa.gov

�� 'UXJ�(QIRUFHPHQW�$GPLQLVWUDWLRQ�� 
www.dea.gov  

�� 0RQLWRULQJ�WKH�)XWXUH�� 
www.monitoringthefuture.org/ 

�� 7KH�3DUWQHUVKLS�DW�'UXJ�)UHH�RUJ��
www.drugfree.org/drug-guide
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