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A b strac t
The problem considered is whether self-reported substance use can be used in the estimation of recidivism risk among youths placed 
in secure care. The Secure Care Psychosocial Screening (SECAPS) and offending records of 447youths admitted to detention 
centres in South Australia were examined. The target outcome was any new offending within 6 months of release. Use of a 
psychoactive substance at the time of committing the most recent offence was not a significant predictor of subsequent offending, 
nor was acknowledging having a problem with drug or alcohol use. In relation to the recent use of alcohol, marijuana, 
hallucinogens, sedatives I hypnotics, narcotics, stimulants and inhalants, only the use of alcohol and inhalants appeared to have 
significant relationships with recidivism. While the relationships were loo small to permit using these items on their own to estimate 
re-offending risk, recent alcohol and inhalant use could be included as part of a broader recidivism risk assessment. [Putnirjs AL. 
Substance use and the prediction o f  young offender recidivism. Drug Alcohol Rev 2003,22:401 -4 0 8 ]

K ey w ords: juvenile delinquents, p red ic r m , recidivism, risk, substance use, young offenders.

In tro d u c tio n

A num ber of studies have indicated that substance use 
and juvenile offending are often closely associated 
activities [ 1 ]. This link has been confirm ed in research 
investigations of young offenders in both  police deten ­
tion [2] and in youth detention centres in different 
Australian states [3 -  14]. T he largest Australian study 
of a detention population to date describes patterns of 
substance use am ong 900 incarcerated young offenders 
in South Australia [12]. T he m ajor findings were:

•  Incidences of any use of various substances by the 
young offenders dunng  a recent 1 -m onth penod  
ranged from 10 % for narcotics (opioids) to 81% 
for marijuana.

•  T he young offenders m ore often reported having 
used various psychoactive substances (other than 
alcohol) during a 1 -m onth period than did a large 
national sample o f high school students [15]. T he 
incidences were 2 - 5  times greater, depending on 
the particular class of substance.

•  While any use o f alcohol during a 1-m onth period 
was similar between the two groups (namely 73% 
of young offenders and 68% of students),

m oderate drinking by young offenders was rare, 
with m ore than half (53%) consum ing 10 or more 
drinks on a typical drinking occasion.

•  Although a wide range of substances was used by 
many of the offenders, daily use was largely 
restricted to alcohol and marijuana ( 10% and 
44% o f respondents, respectively). N o other 
substance was used daily by more than 3% of 
the respondents.

•  A majority (60%) of the offenders reported having 
used substances at the time o f  com mitung their 
last offence.

•  Among those who used a substance at the time of 
their last offence, the substances most often used 
were alcohol (62% ) and m arijuana (53%).

T he above results are based on data gathered from 
psychosocial screening assessments that are carried out 
- m tincly to inform staff about each youth’s needs and 
risks. Among the risks often considered in assessments 
o f young offenders is that o f re-offending. T o assess this 
risk it is im portant to know what relationships various 
background factors and behaviours have with later 
offending. This includes knowing whether predictive 
relationships exist between substance use and recidi­
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vism. T he causal relationships betw eer he use of 
various substances and offending by youths are com ­
plex and likely to consist of both bi-directional relation­
ships and common causes (16) and might be different 
for different substances. T his clouds the question o f to 
what degree substance use is predictive of, rather than 
just concurrently associated with, offending.

T he aim of this investigation is to examine the 
longitudinal relationship between substance use and 
criminal recidivism. Few such studies with young 
offenders have been undertaken elsewhere [17] and 
none previously in Australia.

M eth o d

Subjectt and procedure

Subjects were youths who: _) were adm itted between 
1994 and 1996 to either of South A ustralia’s two secure 
care centres for young offenders, b) underw ent a 
standardised psychosocial screening assessment while 
in secure care, and; c) were released from secure care at 
least 6 months before the end o f 1997. Youths whose 
stays are longer than a few days are routinely assessed in 
relation to various aspects o f psychological and social 
adjustm ent, including substance use. Assessed youths 
include both thosi i rem and as well as those serving 
detention orders. Reassessments are usually under­
taken if a youth is readm itted and m ore than 12  m onths 
have elapsed since they were last assessed.

Measure

The assessment items arc part of the Secure C art 
Psychosocial Screening (SECAPS) P. 8], This is a 
standardized individually adm inistered assessment that 
includes items about how often van j u s  substances were 
used during the last m onth before being placed in 
secure care. The assessments are carried out by youth 
workers, psychologists or social workers and take about 
30 minutes to complete. As given on the questionnaire, 
substances listed are: alcohol (beer, wine, spirits); 
marijuana (grass, hash); acid, LSD , datura [also known 
as Angel’s T rum pet— a garden plant with hallucino­
genic properties ], magic m ushroom s or other halluci­
nogens; sedatives or sleeping tablets such as M ogadon, 
Serepax, Valium, Rohy, 1 or similar (without doctor’s 
prescription); heroin, m orphine or other narcotics; 
cocaine, speed, pep pills or other stim ulants (w ithout 
doctor's prescription); sniffed (breathed deeply) from 
spray cans or sniffed items such as glue, petrol, thinner, 
butane gas or similar. These are sum m arized (together 
with their abbreviations) as: alcohol (Alco); m arijuana 
(Marij); hallucinogens (Hallu); sedatives/hypnotics 
(Sed/Hyp); narcotics (Narc); stim ulants (Stim); inha­
lants (Inhal). Substances under “ Sedatives/Hypnotics”

included anti-anxiety agents. Frequency o f  use was 
indicated on a five-point scale, namely: never; once or 
twice a m onth ; once or twice a week; several times a 
week; daily o r alm ost daily. O ther item s from the 
SECA PS assessm ent considered here include what 
substances, if any, were used at the tim e o f  their last 
offence, w hether the respondent felt they had a problem  
with substance use and whether any natural parents or 
siblings had  had problem s with drugs or alcohol.

As the inform ation about substance use derives from 
self-reports, questions about its accuracy can be raised. 
E rror due to poor recall is minimized here by restricting 
questions about frequency to use during the last m onth 
in the com m unity. Similarly, the item about substances 
used w hen they offended was restricted to the m ost 
recent offence. E rror can also result from deliberate 
distortion. Youths in justice settings could be expected 
to under-report rather than over-report their substance 
use m ore often. Studies that have used chemical 
analyses to check the accuracy of self-reports [2,19 — 
2 1 ] indicate that under-reporting is m ore likely in 
relation to very recent use (previous 2 - 3  days) o f hard 
drugs such as cocaine and heroin and that reports o f use 
over the last 4 weeks tend  to be more accurate. It is the 
longer period that is inquired about in the SECA PS. 
There are other factors that reduce the tendency to not 
reveal the full extent o f substance use. F irst, the 
SECAPS assessm ent is introduced to each youth as a 
routine assessm ent \ help staff becom e m ore aware of 
needs and issues concerning the youth. It is pointed out 
that it is no t a court-ordered  assessment. T his helps to 
reduce the anxiety that some youths might have about 
the assessm ent. Secondly, the substance use items in 
the SECA PS assessm ent com e after a num ber of more 
general background items and basic skills tests. T his 
allows the assessor to establish rapport with the youth 
and for the youth to settle in to the assessm ent. Thirdly, 
substance use is so w idespread am ong young offenders 
that it is norm ative in this group. In a facility for young 
offenders, fear o f condem nation by adm itting to 
substance use is m inim al.

An aid to fuller disclosure in the SECA PS is the use 
(conditional on each youth’s literacy level) o f  a self- 
adm inistered pcncil-and-paper questionnaire to de­
scribe substance use. Studies have found greater 
disclosure using this form at com pared to face-to-face 
interviews [2 2 ],

Generally it has been the experience o f SECAPS 
assessors that, when e th er sources o f inform ation have 
been available, on m ost occasions there has been a 
reasonably good concordance between the youth’s 
report and other sources.

T he exam ination o f the relationship between self- 
reported substance use and subsequent re-offending 
used the full court-adjudicated offending histories o f all 
youths who com pleted SECA PS assessments during
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the first 3 years o f the assessm ent program (namely 
1994-96). The outcome was each youth 's rec divism 
status (dichotom ous outcom e) at 6 m onths & >m the 
lime of their n e rt release T liis was determ ned by 
w hether any proven (court-adjudicated) offer ling had 
occurred within 6 m onths o f the first rele' at after the 
SECAPS assessment. As previous prec^cU'C studies 
have often examined violent recidivism a a separate 
outcom e [23], note was also taken o f w het', r any of the 
new offences were violent offences. T  ic follow-up 
period extended to the end o f 1997 Youths not 
released within 6 m onths of the end of the follow-up 
period were excluded from the study. C<ffence records 
were obtained from the Office o f Crim  ' tatistics in the 
South Australian A ttorncy-G cneral's departm ent. Only 
records o f offences dealt with by South Australian 
courts were available.

Statistical methods

T he bivariate associations between the substance use 
variables (assessed while the young offenders were in 
secure care) and later recidivism status are exam ined 
using p ro d u c t-m o m en t correlations a, id tests. 
Some of the youths were re-adm itted to secure care 
and were re-assessed a second time. T h u s two sets of 
substance use and post-release recidivism data are 
available. As the num ber of second assessm ents is 
smaller than the num ber of first assessm ents, greater 
weight needs to be placed on the first assessm ent 
results. From previous prediction studies [17,24] it is 
known that most single variables have only weak to 
m odest relationships with recidivism and that results 
often vary between studies. O ne way of increasing 
confidence in results is to raise the alpha v. lue so 
that only highly significant results are accepted. A 
disadvantage is that relatively weak yet genuine 
relationships will be dismissed. A nother s tra te ,y  is 
to  set alpha at a m odest level and to look for 
consistency in the results. T he la tter approach is 
adopted here. T h e  second assessm ent data are 
retained as a m eans of checking the consistency of 
the results from the analysis o f the first assessm ent 
data. It is expected that any significant relationships 
will, at best, be m odest in strength. If  a variable has a 
weak although positive and significant relationship in 
the analysis o f the first assessm ent data, confidence in 
the relationship being genuine will be increased if it 
also observed to have a positive relationship in the 
analysis of the second assessm ent data. If, however, 
the relationship in the second assessm ent data is zero 
or negative, then despite the larger subject num bers 
in the first assessm ent data, one would be heritant to 
accept the first assessm ent result as genuine. As the 
second assessment data arc based on smaller subject 
num bers, they have less statistical power. Therefore

the levels o f statistical significance of the second 
assessm ent results are less im portant than are con­
sistencies in d irection and strength com pared to uic 
first assessm ent results.

Regarding scaling, the predicted outcome (recidi­
vism) is d ichotom ous. D ichotom ous variables can be 
treated as having interval scale properties [25]. T he 
substance use item s o f greatest interest in this analysis 
are reports o f the frequencies of substances used during 
the last m onth before placem ent in secure care. These 
are m easured on a five-point ascending scale (none; 1 -  
2 /m onth; 1 -  2 /week; several times/week; daily or almost 
daily). T he scale can be treated in one of two ways. T he 
first is as a physical tim e scale. If, for simplicity, a 
m onth is regarded as being 4 weeks (28 days), then the 
scale values w ould be as follows: nonc = 0; 1 - 2/ 
m onth  = 1 .5 ; 1 -2 /w ee k  = 6; several umes/wcck = 16; 
daily or almost daily = 26. T he values are the midpoints 
of the frequency ranges. T his is an interval scale. T he 
second is to treat the frequencies as a psychological 
scale o f perceived intensity, sim ilar to a psychophysical 
scale. This is how  the m easured scale point: were 
selected and how the scale is analysed here T he scale 
values are 1 to 5 (none =  1 daily = 5), the scale being 
treated as approxim ately interval. T he two scales are 
m athem atically related (ytsx2 — 1 , where y -  time scale 
values and x = psychological scale values). In practice 
the results of analyses o f the two types of scales yield 
very similar results, largely because p ro d u c t-m o m en t 
correlations suffer little error when different scoring 
systems are com pared to any selected “ true” scoring 
system [26].

R esu lts

Patterns o f substance use for the offender group from 
which this sample was draw n are reported in a separate 
publication [ 1 2 ] and are sum m arized in the Introduc­
tion section o f this paper.

D iscarding four initial assessm ents in which no 
substance use responses were recorded left 454 youths 
with relevant assessm ent data. D ue to cither death or 
non-release from secure care 6 m onths or more before 
the end of the follow-up period, the num ber of youths 
whose assessm ents were included in the recidivism 
analyses was 447 (first assessm ent group). O f these, 140 
had a subsequent SEC A PS assessm ent within the san * 
assessm ent period (i.e. 1 9 9 4 -9 6 ). O ne assessment haa 
no substance use responses recorded. O f the remaining 
youths with a second assessm ent, 103 were released 
from secure care 6 m onths or m ore before the end of 
the follow-up period and were included in the 
recidivism analysis (second assessm ent group).

O f the first assessm ent respondents, 92% were males 
and 27% described themselves as being A boriginal 
Ages for the total group ranged from 11 to 19 years



(mean age =15 .9  years), with m ost subjects (83% ) 
falling within the 1 4 - 17-year age range. Among the 
second assessment respondents, 95%  were males and 
31% described themselves as being Aboriginal. Ages for 
this group ranged from 12 to  18 years (m ean age = 16.3 
years), with most subjects (89%) hailing within the 15 -  
18-year age range. T he m ean time from  release after the 
second assessment to the end o f the  follow-up period 
was 651 days (21 m onths). All subjects who were 18 
years o r older were incarcerated for offences com m itted 
before they turned 18.

Results are presented in T able 1 for the relationships 
between the frequencies o f substances used during the 
m onth before incarceration and subsequent re-offend- 
ing. N one of the relationships are strong. N o obvious 
pattern o f use distinguishes recidivism  for violent 
offences from recidivism for non-violent forms of 
criminal offending. V iolent offences here include 
various threats of harm  and offences that can cause a 
fear o f direct harm , but exclude sexual offences, 
assau lts account for 70.4%  of all the offences in the 
violent offence category, with robbery with violence and 
robbery with an offensive weapon accounting for a 
further 14.8% (further details are available on request 
from the author).

T here had been an expectation tha t greater use o f any 
substance would be related positively to recidivism. 
While m ost of the correlations (although not all) were 
positive, many were too small to be o f  either practical or 
statistical significance. T he  substances related to 
recidivism m ost consistently were alcohol and inha­
lants: nine of the 12  correlations involving these 
substances were statistically significant, whereas only 
two o f the other 30 correlations were significant.

An exam ination o f the relationship between sub­
stances used at the tim e of the youths' last offences and 
subsequent recidivism (see Table 2) d id  not reveal any 
consistent trends.

T he use of particular substances is often transitory or 
episodic. T his is evident from  the correlations between
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substance use frequencies reported at the first and 
second SECA PS assessm ents (see Table 3). The t 
are from the larger sample of 900 assessed yt ;  
offenders from  which the offender assessments in the 
recidivism study were draw n. A m inim um  o f 6 months 
separation between first and second assessments was 
specified in o rder to ' reduce the chances of some 
subjects not being released between their first and 
second assessm ents. (D uring the initial implementation 
of the SECA PS program  some youths were reassessed 
in less than 12  m onths and, in a few cases, without 
having been released.) It can be seen that the stability 
coefficients are all quite low, particularly for the less 
frequently used substances. This can be expected to 
reduce the strength o f  the relationship between the use 
of particular substances and subsequent re-offending. 
For exam ple, o f 12 reassessed youths who in their first 
assessm ent reported recent use of narcotics, only two of 
them reported recent narcotics use in their second 
assessm ent. O f the 25 youths who in their second 
assessm ent reported recent use o f narcotics, only two 
had reported any use of narcotics earlier.

T he  relationship between reported problem use of 
substances by o ther im m ediate natural family members 
and recidivism was exam ined. Responses were coded 
as: no  = 1, d o n ’t know = 2, yes = 3 . No significant 
relationships were found between recidivism status 6 
m onths after release and responses to this item 3t cither 
the first (yz = 0.699, d f= 2 , n = 44C) or second 
(X2 = 0 .722, d f= 2 , n = 103) SECA PS assessments.

T he use o f som e substances m ight be predictive of 
offending in som e dem ographic groups but not in 
others. If, however, general predictive measures are 
sought then these m ust dem onstrate some degree of 
predictive consistency across different groups. Results 
are presented in T able 4 that are relevant to this 
question. N either self-reported problem s with sub­
stance use nor the use of a psychoactivc substance at the 
time o f the last offence were consistently related to 
recidivism.

Table 1. Correlations between frequency of substances used dunng the last month pnor to incarceration and recidivism status 6 months after
release

Alco M arij Hallu Sedhyp N arc Stim Inhal

1st assess (n = 445 -4 4 7 )
Any ofTending 0.08* 0.01 0.02 0.04 -  0.02 0.05 0.10*
Violent offending 0.13** - 0 . 0 1 0.05 0.09* 0.06 0.08 0.16**
O ther offending 0.08 0.00 0.03 0.01 -  0.03 0.04 0.08*

2nd assess (n = 103)
Any offending 0.23* - 0 . 0 2 0.05 0.11 0.10 -  0.04 0.21*
Violent offending 0.09 0.05 0.16* 0.04 -  0.05 -  0.06 0.14
O ther offending 0.21* - 0 . 0 4 0.02 0.10 0.10 -  0.03 0.22*

*/> $ 0.05; **p $ 0.01 (one-tailed).



Suintana uir and rtcidnnsm 405

T ab le  2. Comlaaons between the use of various substances at the time of the last offence and recidivism status 6 months after release from stcurt
can

Alco Marij Hallu Sedhyp Narc Stim Inhal
1st assess (rt = 444)

Any offending 0.04 - 0 .0 1 0.00 -  0.00 -  Q.00 0.05 0.03Violent offending 0.05 - 0  01 - 0 .0 4 0.03 0 .10 * 0.00 0 .17 **Other offending 0.02 - 0 .0 3 0.02 - 0 .0 1  0 .01 0.06 0.032nd assess (ft =  103)Any offending 0.06 -  0.07 -  0.08 0.01 0.08 0.04 0 .14Violent offending -  0.06 0 .13 0 .25** -  0 .01 -  0.04 - 0 .0 2 0 .10Other offending -  0.08 - 0 .0 6 0.08 0.02 0.08 0.05 0 .14
* p <  0.05; * *  p $  0.01 (one-tailed).

T a b le  3 . Correlations between substance usefrequencies reported at the first and second SECAPS assessments' where 6 months or more had
elapsed between assessments

Alco Marij Hallu Sedhyp Narc Stim lnhal
r 0 .33** 0.40** 0 .14 * 0 .13 * 0.09 0.09 0 .12
fT im e between assessments ranged between 184 and 1468 days (M  = 554). rt =  186 for all substances except inhalants (n = 185). */> $  0.05; **/> ^  0.01 (one-tailed).

T  able 4. Correlations between self-reported frequencies of substances used during last month before incarceration, arty substance use at the rime 
of last offence, self-reported problem use and recidivism status 6 months after release from secure care

1st assessments 2nd assessments!
Females

(aU)
Non-Abor.

males
Abor.Males Non-Abor. 

(m + Q
Abor. 
(m + f)

Alcohol 0.26 0.04 0 .14 0 .13 0.37*Marijuana -  0 .11 0.02 0.06 - 0 . 1 4 0 .19HallucinO. 0.40** -  0 .01 -  0 .10 0.04 0.03Sed/Hyp 0.47** -  0.06 0 .10 0.07 0 .21Narcotics 0.22 -  0.03 -  0.05 - 0 . 1 3 0 .32*Stimulants 0.25 0.04 0.01 - 0 .0 9 0.05Inhalants 0 .3 1* 0.08 0.05 0 .22* 0 .19Use offend 0.27 0.04 -  0.02 0.02 -  0.01Problem 0.28* -  0.08 0.01 -  0.02 0 .3 1*A LC IN 0 .38 ** 0.07 0 .16 0 .22* 0.37*Other subs 0 .35 ** -  0.00 0.02 -  0.08 0.24
n 3 6 - 3 8 3 ) 0 - 3 1 1 9 7 -9 8 71 32
Use offend = used a substance at the time of the last offence; Problem =  youth considers his/her substance use to be a problem; 
A L C IN  = Alcohol use frequency + Inhalant use frequency; Other subs (use frequencies) =  M arij + Hallu + Scd/Hyp + Narc + Stim. 
+There were too few females (n= 5) among those retested to allow separate analysis by gender. *p <  J.05, **p  $  0.01 (one-tailed).

Examining the different groups, the results for 
females stand out. In this group, with the exception of 
marijuana use, all the substance use variables arc either 
significant or display positive trends in their relation­
ship with recidivism. Som e of the relationships are quite

strong, such as the correlation of 0.47 between 
recidivism and the use o f  sedatives/hypnotics.

O f the individual substances, only alcohol and 
inhalants had consistently positive correlations across 
the different groups. T he  correlations were weakest in



the first assessment non-A bongm al male subgroup but 
increased am ong those who were reassessed. These 
positive relationships are generally strengthened w.ien 
alcohol and inhalant use frequencies are sum m ed to 
form a measure called AJ.CJIN. This com bined 
m easure had highly significant correlations with recidi­
vism status after both first (r=  0.12, p = 0.007, n = 446) 
and second (r= 0 .2 8 , p= 0.002, n = 1 0 3 )  assessments. 
Examining the various subgroups it is seen that all the 
correlations between A LC IN  and recidivism arc 
positive and that three o f the five correlations are 
statistically significant. By contrast, an index of all the 
o ther substances used (O ther subs) failed to show any 
relationship with recidivism in the three largest sub­
groups and was statistically significant only for the 
female subgroup (Table 4).

T he relationship between the A L C IN  index and 
recidivism can be seen cleat.y in Table 5. A fairly 
consistent increase in subsequent recidivism is evident 
as the ALCIN scores increase.

D iscu ssio n

Regarding the prediction o f recidivism, as no obvious 
pattern of recent substance use distinguished general 
offending, violent offending and non-violent offending, 
further discussion here considers only general offend­
ing. N either the use o f a substance in general (Use 
offend) nor the use of any particular substance at the 
time of the last offence consistently predicted recidi­
vism— nor did self-reported problem s with substance 
use. Although m arijuana was the m ost widely used 
substance, there was no support for using it as a marker 
for increased risk of re-offendii.g. T ha t marijuana is

often reported to  have been used at the time o f last 
offending is n o t surprising, given that marijuana is the 
m ost frequently used o f  all the psychoactivc substances. 
T he close association between offending and m arijuana 
use m ight be largely coincidental rather than causal, 
simply because a large proportion of young offenders at 
any one time are u n d er the influence of marijuana.

Recent alcohol and inhalant use appear to  be the 
substances that are m ost consistently predictive o f 
recidivism across different offending types and across 
different dem ographic subgroups. Both alcohol and 
inhalants are central nervous system depressants and 
both have disinhibiting effects. T he  use of inhalants 
might also be a m arker for less m aturity and poorer self- 
control particularly as, unlike other substances, it tends 
to be used by younger detainees [12]. The link between 
alcohol use and offending has been particularly well 
docum ented , including among young people [27J. A 
com bined index o f recent alcohol and inhalant use 
might be a useful addition to a broader recidivism risk 
assessment instrum ent.

A lthough the recent use of other substances failed to 
show any consistent relationship with recidivism in 
m ost of the subject subgroups exam ined, there was a 
trend am ong the females for all substances except 
marijuana to be related to increased recidivism risk. 
D ue to the relatively small num ber of females here, 
replication is needed on a larger sample. If confirm ed, 
however, it could indicate that, for the optimal 
prediction o f offending risk, gender differences in the 
predictive strength o f som e variables should be taken 
into account.

Despite m uch m edia attention to the link between 
crime (particularly acquisitive crimes) and narcotic use

T a b le  5 . Alcohol - inhalant use index (ALCIN) * scores by recidivism status at 6 months folios c-up
6 months post-1st 6 months post-2nd

S E C A P S SE C A P S
A L C IN  ---------------------------------------------------------------------------  -----------------------------------------------------------------scores % not offend % re-offend n % not offend % re-offend n

1.0 37.0 63.0 92 54 .2 45.8 24
1.5 3 5 .2 64.8 122 52.6 47.4 19
2.0 36.8 63.2 114 43.5 56.5 23
2.5 16.7 83.3 48 2 2 .2 77.8 18
3.0 26.4 73.6 53 25.0 75.0 16
3.5  * 20.0 80.0 10 0.0 100.0 2
4.0 20.0 80. J 5 - - 0
4.5 0.0 100.0 2 - - 0
5.0 - - 0 0.0 100.0 1
Total 32.4 67.7 446 39.8 60.2 103
*A L C IN  is die sum of the frequencies o f  alcohol use and inhalant use during the last month before placement in secure care. A score o f 1.0  indicates that neither substance was used. A score o f 5.0 indicates daily use o f  both substances.
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(predominantly heroin), am ong the juvenile male 
ubjccts studied here recent use o f narcotics had no 

power to predict recidivism. It could be that this is 
because few youths use narcotics and even fewer arc 
dependent—m ost of their narcotics use probably still 
being experimental or recreational. M any youths have 
not established consistent or regular panem s o f use, 
suggesting that m uch of their use, particularly of 
substances other than marijuana and alcohol, is 
capricious and might often be transitory.

T he statistical weakness of recent substance use as a 
m arker for increased offending risk observed here m ight 
be due to a num ber o f factors. While there is a close 
association between substance use and the act of 
ofTcnding, the stability of substance use am ong youths 
over time might be too weak for m ost substances to be 
reliable predictors. Perhaps the self-reports o f recent 
substance use by youths in secure care arc too distorted 
to be valid. Although there is little evidence to suggest 
that there is severe distortion in most of the young 
offenders’ self-reports, the use o f physical drug testing 
is one possible way of verifying the accuracy o f such 
assessment items. D issim ulation might be reduced and 
the stability of panem s o f use increased if, rather than 
very recent substance use, reports of use over a longer 
period arc used. While lifetime use is likely to be 
difficult to estimate accurately, perhaps the regular use 
o f various substances during the preceding 6 m onths 
might be a more stable measure. This possibility is 
being explored by introducing such an item into the 
next revision of the SECAPS assessm ent.

T here is also the problem o f homogeneity. W hile 
there is good concurrent discnm ination between young 
offenders and non-offenders with regard to their 
substance use, perhaps those who are placed in secure 
care long enough to be assessed arc not all that different 
from each other. M ost markers, including substance 
use, at least when taken singly, would have no  m ore 
than weak relationships with recidivism. T he situation 
m ight be similar to choosing basketball players. While 
height might be a predictor of who will get into a team , 
once a team has been established and there has been 
som e attrition am ong the players, height will probably 
be a weak predictor of basketball playing ability am ong 
existing players.

Substance use in many previous studies has been 
found to have only a very m odest relationship with 
recidivism. From  an analysis of 60 studies involving 
alm ost 55 000 subjects, G cndreau, Coggin & Little [24] 
reported a weighted mean Pearson’s r  of 0 .10  for 
substance abuse and adult recidivism. C otdc, Lee & 
H eilbrun [17], in their analysis o f studies that exam ined 
recidivism among young offenders, obtained weighted 
m ean effect sizes (Zr) o f 0.15 for substance abuse and 
recidivism (six studies, 1 1 1 1  subjects) and 0 .0 1 for 
substance use and recidivism (two studies, 9366

subjects). Overall, substance abuse was very modestly 
predictive but substance use was not. In the light o f 
these results it is not surprising that stronger relation-' 
ships were not observed between substance use and 
recidivism in the present sample.

Conclusions
D espite the prom inence given in the m edia to the issue 
o f “ hard drugs” , the substances used m ost frequently 
by both  young offenders and non-offenders are the so- 
called "soft d rugs” , nam ely alcohol and marijuana. O f 
these, alcohol appears to have a stronger direct 
association with acts o f offending— due m ost probably 
to its strong disinhibiting properties. Ways o f restricting 
adolescents’ access to alcohol m ore effectively need to 
be considered. T he  o ther class of substances that 
showed a degree of predictive consistency across 
different groups was inhalants. An index of recent 
alcohol and inhalant use, although prcdictivcly too 
weak to use on its own, might be a useful addition to a 
broader recidivism risk assessm ent.
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S t e p p in g - S t o n e s ,  G a t e w a y s ,  a n d  t h e  

P r e v e n t io n  o f  D r u g  P r o b le m s

Researchers, theorists, politicians, and parents have all expressed concern 
about m arijuana's potential to  lead to  the  use o f drugs w ith  worse neg­
ative consequences. Proponents o f  these stepping-stone and gateway th e­
ories suggest th a t even if  the  adverse effects o f m arijuana are minimal, 
the drug can still cause trouble by ushering users tow ard th e  consum ption 
o f o ther illicit substances, including heroin and crack. A ccording to this 
premise, m arijuana should rem ain a prim ary concern because these o ther 
drugs create so m any hardships. C om parable argum ents appear against 
underage dnnking and cigarette smoking. T he gateway and stepping- 
stone theories have generated considerable research and debate  for many 
years. T he research remains difficult to  evaluate w ithout clear definitions 
o f  a stepping-stone and gateway. Interpreting this literature requires a 
good understanding of causality Many popular reports confuse the  causes 
o f  drug use w ith sim ple precursors. Confusion about the  actual causes o f 
drug consum ption can im pair any effort to  prevent substance abuse and 
related problem s. Thus, this chap ter defines a stepping-stone and gate­
way, reviews the requirem ents for causality, exam ines th e  literature re­
lating marijuana consum ption to  the  use o f harder drugs, and discusses 
the  prevention o f  drug problem s.

A stepping-stone provides a helpful foothold along a path, w hich 
serves as an odd m etaphor for drug use. Stepping-stone theories often 
im ply that m arijuana produces a biological effect tha t som ehow  leads to 
the  uncontrollable consum ption o f  o ther drugs. This sort o f  theorizing 
began over 40 years ago (Nahas, 1990). D escriptions in popular culture 
create the  im pression tha t m arijuana intoxication produces an insatiable
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urge for m ore and different drugs, som ething similar to  the way eating 
salt makes people thirsty. D ata do no t support these ideas. M arijuana 
and hard drugs do share som e biological effects. For exam ple, T H C , the  
opiates, and cocaine alter the  dopam ine system in com parably ways 
(Koob & Lc Moal, 1997). T he cannabinoids, how ever, have the ir own 
receptor th a t docs not react directly to  drugs like heroin and cocaine.

Additional evidence against a biological stepping-stone appears in an­
imal research. If m arijuana created physiological changes tha t increased 
th e  desire for other drugs, animals exposed to  cannabis would likely in­
gest o ther intoxicants w hen given the opportunity . Yet rodents exposed 
to  T H C  do not show a sudden willingness to  press levers for o th er drugs 
They do no t even appear willing to  give them selves m ore T H C  (Schenk 
& Partridge, 1999, Wiley 1999). Thus, physiological m echanism s do not 
explain any link betw een m arijuana and th e  use o f  o ther intoxicants (In­
stitu te  of M edicine (IO M ], 1999, Z im m er & Morgan, 1997).

Gateways and Causality

The lack o f evidence for an obvious, biological stepping-stone inspired 
theorists to  form ulate ideas about m arijuana as a gateway drug A gate­
way usually serves as a passage to  a region. Proponents o f gateway theory 
show tha t people who use drugs like heroin and cocaine often used al­
cohol, tobacco, and m arijuana first (Kandel, Yamaguchi, & C hen, 1992; 
Miller, 1994). Confusion about these theories has led to the  idea tha t 
gateway drugs cause users to  consum e o th er substances. The prom inent 
researchers o f gateway theory  never sta te  tha t one drug causes th e  in­
gestion o f another one T hey sim ply report tha t cigarette sm oking often 
precedes marijuana consum ption , w hich usually precedes th e  use o f  
o ther illicit drugs. Nevertheless, a few o th er authors m isunderstand these 
data and create the im pression tha t smoking m arijuana leads inevitably 
to  the  use o f  o ther drugs (N ahas, 1990). Avoiding these m isunderstand­
ings requires a thorough understanding o f causes.

The idea tha t one drug causes th e  use of another drug is difficult to  
prove. Proof of a cause creating an effect requires at least th ree clear 
criteria. These criteria w ere first proposed in th e  1700s by th e  Scottish 
philosopher David H um e, one o f  th e  British empiricists. H um e em pha­
sized th a t a cause creates an effect only under certain conditions. T he 
conditions are association, tem poral antecedence, and isolation. Associ-
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ation means that the cause and effect m ust occur together. Tem poral 
antecedence means tha t th e  cause m ust occur first, before the effect. 
Isolation means tha t all alternative causes m ust be ruled out. T hat is, the 
effect could no t have occurred because o f  som e o th e r potential cause 
(H um e, 1739).

The best evidence for causality com es from  experim ents w here the 
hypothesized cause can be m anipulated. T he cause should lead to  th e  
effect; its absence should create no effect (or a d ifferent one). For ex­
ample, an experim ent m ight reveal that m arijuana causes intoxication by 
com paring people who sm oked cannabis to  an equivalent group o f  o ther 
people w ho smoked a placebo. This sort o f experim ent could provide 
evidence for all three o f  H um e's criteria A large group o f  people w ho 
arc not under the influence o f any drug m ight begin by rating the ir in­
toxication. Presumably, all would claim the ir intoxication level was 0. 
T he experim enter would then  choose half these people at random  to  
smoke marijuana. The o th er half w ould sm oke a credible placebo. This 
random  selection o f people w ould help ensure tha t th e  two groups are 
similar A second assessment o f  intoxication w ould likely reveal higher 
ratings o f intoxication for th e  people w ho sm oked m arijuana than those 
who sm oked the placebo.

T he data from this experim ent w ould satisfy H u m e’s criteria. T he 
marijuana group's higher intoxication ratings reveal tha t th e  drug and the  
effect are associated. Because the  groups d id  not differ before smoking, 
only after, the  marijuana apparently preceded the  effect. ,Tius, the tem ­
poral antecedence is fulfilled. Finally, all o ther sources o f  intoxication are 
ruled ou t because the  tw o groups only differ in sm oking cannabis or 
placebo. This condition helps elim inate any alternative explanations or 
causes. These data support the  conclusion tha t m arijuana can be isolated 
as the cause o f this intoxication

A sim ple experim ent works well for proving cannabi: auscs intoxi­
cation, b u t researchers cannot use a hum an experim ent to  test the gate­
way theory. Randomly exposing people to  m arijuana to see who goes on 
to snort coke, bang junk, o r drop acid creates many practical and ethical 
problems. These problem s m ake isolating m arijuana as th e  cause o f o ther 
drug use impossible in hum ans. An obvious alternative approach could 
em ploy animal participants. No animal experim ents have found tha t ex­
posure to T H C  increases th e  likelihood o f using o ther drugs or o f even 
working for more T H C  (Schenk & Partridge, 1999; W iley, 1999). Thus, 
gateway theory ’s only suppo rt comes from  correlational studies

n
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Correlational investigations often exam ine users o f crack o r heroin and 
ask which drugs they used previously. These studies m ay establish an 
assoc’ ition  and tem poral antecedence, b u t fail to  isolate m an  j dana as a 
cause. A t first glance, th e  idea th a t users o f hard drugs used m arijuana 
previously seem s com pelling evidence for m arijuana's contribution  to  
drug problems. Nevertheless, a couple o f exaggerated exam ples may il­
lustrate how  treating the. data as causal evidence is erroneous

Error* in Causal Reasoning

Suppose data revealed th a t th e  crim e rate in a city rises as th e  num ber 
of churches increases. This association m ight lead som e cynic to hypo th ­
esize tha t churches cause crime. D ata may suggest th a t th e  churches are 
built prior to  the  increases in crim e, further supporting  th e  theory Both 
the association betw een cause and effect and th e  precedence o f  th e  cause 
appear Nevertheless, these tw o facts alone do not establish th a t churches 
cause crime. /  alternative explanation rem ains As cities grow larger, 
both crime and the num ber o f churches increase. T he  size o f  the  pop­
ulation accounts for both  o f  these increases. O ne need not cause the 
other. A nother exam ple concerns shoe size and vocabulary. D ata reveal 
that people w ho know m ore w ords also have larger shoes. O ne m ight 
hypothesize th a t m em ory for w ords is stored in th e  feet. Obviously, age 
can account for this relationship. As children grow older th e ir feet grow 
and they learn m ore words.

Although these exam ples appear absurd, data m isin terpreted  to sup ­
port tha t m arijuana causes crack addiction are com parable to  those in 
support o f  churches causing crim e and vocabulary increasing shoe size. 
In fact, the  correlations for these absurd exam ples are probably larger 
than those linking m arijuana to crack. M ost studies cited in support o f 
the gateway theory show th a t people  using heroin o r crack used m ari­
juana first. U nfortunately, these data tell little about the  m agnitude o f 
the association betw een m arijuana and hard drugs. Because only the  users 
o f hard drugs serve as participants, the data neglect the many, many 
people w ho consum ed cannabis bu t no o th er illicit drugs. T he use of 
marijuana also does not always precede the  use o f harder drugs, lim iting 
the support for tem poral antecedence. T hat is, som e people try crack or 
ecstasy before they sm oke cannabis. These data also fail to  isolate m ari­
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juana as a cause. The association, tem poral antecedence, and isolation 
criteria arc explained in more detail below.

Association

H um e's first criterion for establishing a cause concerns association. D e­
spite popular stereotypes, the association betw een marijuana and harder 
drugs is not particularly strong. Many people w ho abuse hard drugs used 
m arijuana first, bu t few people who sm oke m arijuana go on to consum e 
o ther intoxicants. O ne study found th a t 75% o f  m en w ho used m arijuana 
betw een 10 and 99 times never used any o ther illicit drug (Kandel & 
Davies, 1992). Part o f the absence o f an association stem s from the  small 
num ber o f people who use hard drugs relative to  th e  many w ho have 
tried  m anjuana. D ata from the Substance Abuse and M ental H ealth Serv­
ices A dm inistration (SAMHSA, 2000) can shed light on this question 
(see table 3.1).

M ost associations are expressed as a correlation coefficient, a num ber 
ranging from — 1 to  + 1  tha t depicts how  well tw o phenom ena go to ­
gether. If everyone who tried marijuana also snorted  cocaine, the ir cor­
relation would be 1.0. Few phenom ena go together perfectly, b u t larger 
num bers (up to 1.0) mean a stronger relationship. Correlations around 
.3 frequently receive some attention in the  social sciences. For exam ple, 
Scholastic A ptitude Test m ath scores correlate approxim ately .3 w ith 
grades in m ath classes (Gougeon, 1984). Personality measures and alco­
hol consum ption often correlate betw een .3 and .4 (Earleywine, Finn, & 
M artin, 1990, Earleywine & Finn, 1991). C orrelations smaller than .3 
often attract little attention.

Table 3.1. 1999 Drug Use Rates in America (in millions)

Marijuana Cocaine Crack Heroin
Lifetime 764 25.4 5.9 3.0Past year 19.5 3.7 1.0 0.4Past month 1 1 1 1.5 0.4 0.2
Data from Subsonic Abuse and Mental Health Serviira Administration (SAMHSA) (2000) 
Summary of findinp from the I9V9 National Household Survey on Drug Abuse, Rockville, MD 
SAMHSA
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Based on the national survey data, the actual correlation betw een m ar­
ijuana and crack cocaine use is .02 This calculation assumes th a t every­
one w ho used crack cocaine used m anjuana first. In addition, this cal­
culation takes in to  account the many people w ho uSe marijuana and 
never try th e  harder drug. The correlations betw een marijuana and heroin 
are even sm aller (See the final section o f  this chapter for the c o m p ila ­
tions.) Thus, m ost correlations tha t scientists view as im portant arc over 
15 tim es larger than the correlation betw een marijuana and crack cocaine 
use.

S tandard m easures o f the correlation betw een m arijuana use and the 
use o f  harder drugs are very small. They offer little support for an asso­
ciation betw een m arijuana and o ther drugs. In an effort to  depict the  link 
betw een m arijuana and o ther drugs in a different way, some authors have 
tu rned  to  another statistical procedure known as conditional probabili­
ties C onditional probabilities reveal th e  chances th a t people will try a 
harder drug if  they  have tried  marijuana. They are com puted  by dividing 
the num ber of users o f the  harder drug by the  num ber o f m arijuana users. 
If everyone w ho sm oked m arijuana tried crack, the  conditional proba­
bility w ould be 1.0 If half the marijuana users tried crack, the conditional 
probability w ould be .5. If we had 100 people and 30 o f  them  used 
cannabis, th e  conditional probability o f using cannabis w ould be .3. If 10 
o f  those 30  w ent on to try crack, the  chance o f using cocaine given tha t 
cannabis was used first w ould be one-third .

Again, assume tha t everyone in the  national survey w ho used a hard 
drug tried m arijuana first. T he chance o f trying pow der cocaine after 
trying m arijuana appears to  be relatively high. If all 25 million people 
w ho tried cocaine w ere am ong the  76 million who had als” tried  m ari­
juana, 25 million divided by 76 million equals .33. Thus, 1 in 3 people 
w ho try m arijuana also try cocaine. This num ber is certainly large enough 
to  w arrant concern Statistics like these m otivated drug reform ers in the 
N etherlands to  rem ove criminal penalties for small am ounts o f m arijuana 
in hope o f separating it from  the cocaine drug m arket. T hey also inspired 
increased p :nalties for cannabis in th e  U nited States.

T he conditional probability linking m arijuana to  cocaine m ay be 
alarming. N evertheless, the num ber of m arijurna users w ho continue to 
use cocaine regularly is markedly smaller. A lthough 25 million Americans 
have used cocaine in the ir lifetimes, fewer than 4 million used it in the 
past year. A ssum e tha t these people use the  drug at least once a year, 
and th a t they all tried  m arijuana first. Thus, the  chances o f m arijuana
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leading to yearly cocaine use are 4 million (the num ber o f yearly cocaine 
users) divided by 76 million (the num ber w ho tried  cannabis), o r about 
.05. This m eans only 1 in 20 people w ho try  m arijuana use cocaine once 
a year or m ore. Even fewer people used cocaine in the  last m o n th  (1.5 
million). C om parable com putations suggest tha t th e  chances o f  trying 
marijuana and then  using cocaine m onthly are .0 2 , or about 1 in 50. 
Thus, less than  2 in 100 marijuana users go on to  use cocaine m onthly . 
The probabilities for using crack cocaine and heroin are even low er (sec 
table 3.2).

Thus, th e  association betw een m arijuana consum ption and problem  
use o f other drugs is very small. In fact, studies o f th e  gateway theory  do 
not assess the  problem s associated w ith  hard drug use; they  simply focus 
on trying o th e r substances. Som e studies consider trying a drug a single 
time as confirmation o f  use (e.g., Blaze-Tem ple & Lo, 1992), an approach 
that has draw n criticism (Z im m er & Morgan, 1997). Trying m arijuana is 
not sufficient to  cause the  use o f harder drugs. Even if  th e  association 
were m arkedly larger, this criterion alone does no t establish causality. 
Causal argum ents require tem poral antecedence and isolation, too.

Table 3.2. Gateway Associations

Of all Americans who have tried marijuana 

Few have used marijuana regularly
approximately 1 in 4 used marijuana in the past year (25.5%) 
approximately 1 in 7 used marijuana in the past month (14.7%)

Few people who have tried marijuana have used cocaine 
approximately 1 in 3 tried cocaine (33.0%) 
approximately 1 in 20 used cocaine in the past year (4.8%) 
appm' lately 1 in 50 used cocaine in the past month (2.0%)

Even fewer people who have tried marijuana have used crack 
approximately 1 in 13 tried crack (7.7%) 
approximately 1 in 100 used crack in the past year (1.3%) 
approximately 1 in 200 used crack in the past month (0.5%)

Even fewer people who have tried marijuana have used heroin 
approximately 1 in 26 tried heroin (3.9%) 
approximately 1 in 200 used heroin in the past year (0.5%) 
approximately 1 in 333 used heroin in the past month (0.3%)

These calculations assume that everyone who ever tried hard drugs used marijuana first. Data from 
Substance Abuse and Mental Health Services Administration (SAMHSA) (2000). Summary of find­
ings from the 1999 National Household Survey on Drug Abuse, Rockville, MD: SAMHSA.
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Temporal Antecedence

If marijuana actually caused th e  consum ption o f  o th er intoxicants, canna­
bis consum ption m ust precede the use o f hard drugs. Many studies show 
tha t hard  drug users sm oke m arijuana first. T he  stereotyped progression of 
the use o f drugs probably begins w ith  caffeine, b u t no data address this 
drug’s po ten tia l as a gateway. Most research suggests th a t adolescents first 
use alcohol o r nicotine. Some authors argue th a t cigarettes serve as th e  ac­
tual gateway to  drug problem s (Kandel et al., 1992; Labouvie, Bates, & 
Pandina, 1997). A subset o f th e  people who drink alcohol and smoke cig­
arettes subsequently use marijuana. A subset o f  those w ho try  marijuana 
then use harder drugs like cocaine, crack, and heroin. Sc me researchers re­
port th a t over 90% of people w ho try hard drugs tried ma ijuana first, sug­
gesting tem poral antecedence. They also ate w hite  sugar, breathed air, and 
attended grade school. Thus, although hard drug users smoke marijuana 
before turning to  o ther substances, thus fact alone does not prove causality.

In addition, the order of drug use is not always perfectly consistent w ith  
the idea tha t m arijuana is the gateway. Many hard drug users do not start 
w ith m arijuana. Allen Ginsberg, the celebrated “beat" poet, serves as one 
notable exception. He injected heroin before sm oking cannabis (Ginsberg, 
1966], Large samples w ith thousands o f respondents show  a range o f hard 
drug users w ho did no t try m arijuana first. O ne study found th a t as few  as 
1 % o f people w ho used hard drugs had not tried  m arijuana (D onovan & 
Jessor, 1983). In contrast, 15% of another sam ple o f  heavy drug users 
started w ith cocaine or intravenous drugs before sm oking m arijuana (G o­
lub & Johnson, 1994). A study of Australian youth found th a t 29% of 
those w ho had used am phetam ine, LSD, cocaine, or heroin had not used 
marijuana first (Blaze-Temple & Lo, 1992). O th e r research found 39% of 
a sam ple used hard drugs before trying cannabis (M ackesy-Amiti, Fen- 
drich, & Goidstein, 1997). Thus, tem poral antecedence applies in som e 
cases o f hard drug use, b u t not all Even a perfect ordering w ith  m arijuana 
preceding all o ther drug use does not prove causality w ithou t isolation.

Isolation: Independent Processes or Problem Behavior?

H um e’s last criterion for causality concerns isolation. If marijuana ac tu ­
ally causes th e  use o f hard drugs, o ther explanations should no t account
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for any association betw een them . At least tw o alternative explanations 
have som e em pirical support. O n e  concerns the  idea th a t the initiation 
o f  each drug arises from its ow n individual process. Miller (1994) calls 
th is approach th e  statistical independence hypothesis. This hypothesis 
sta tes tha t using one drug stems from  its own availability, expectancies, 
and m otivations th a t are separate from those related to  another drug. 
T hus, the initiation o f caffeine may stem  from  one process; the initiation 
o f  heroin m ay stem  from another. The o th er idea tha t may account for 
stages o f drug use focuses on th e  abuse o f  any and all substances as part 
o f  a cluster o f larger problem  behaviors. This problem  behavior theory 
views substance abuse, unsafe sex, crime, and delinquency as all part o f 
the sam e underlying trouble.

T he  rationale for individual processes follows statistical logic. People 
w ho participate in rare events likely engage in popular activities first. For 
exam ple, m ore people  view television than  skydive. Thus, we would ex­
pect tha t m ost skydivers w atched TV  before they leaped from a plane. 
This fact need no t m ean th a t television causes skydiving. The tw o acts 
probably arise from independent, individual processes. Yet th e  m ost com ­
m on one occurs first simply because it is m ore com m on. Com parable 
logic applies to  drug consum ption. People w ho use drugs will likely begin 
w ith  those th a t are m ost com m on. Thus, individuals may use marijuana 
before cocaine because m arijuana is m ore prevalent in our culture. Yet 
this fact need not m ean tha t m arijuana caused cocaine consum ption. A 
massive study o f four national sam ples including over 6,000  participants 
suggests th a t a large portion o f  the  appearance o f  stages o f  drug use can 
be accounted  for by statistically independent processes (M iller, 1994). 
This m odel does n o t account for all the data, b u t independent processes 
clearly contribute to  th e  progression o f drug use.

An alternative w ay to  tes t the  statistical independence hypothesis 
m ight exam ine neighborhoods w here crack cocaine is m ore available than 
m arijuana. If m ost d rug  users in such neighborhoods smoked crack before 
cannabis, the role o f  availability m ight receive som e support. U nder these 
circum stances, few  could  conclude tha t *. jck  is a gateway leading to 
cannabis. Instead, people  use th e  m ost available drug first and less avail­
able drugs later or no t a t all.

A no ther alternative explanation o f  drug sequencing concerns problem  
behavior theory. A ccording to  this theory, a small group o f  adolescents 
engage in a c luster o f  actions th a t all may lead to negative consequences 
(Jessor & Jessor, 1977). These problem  behaviors include drug consump-
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tion, poor school perform ance, unsafe sex, and crim inal activities. Ac­
cording to  this theory, the association betw een cannabis ustf and the con­
sum ption of o ther drugs does no t arise because m anjuana causes 
problem s w ith  o ther substances. Instead, both  m arijuana and the  use of 
other intoxicants arise from the underlying problem  orientation in a sub­
set o f individuals.

M any studies reveal strong correlations am ong th e  use o f  different 
drugs (Earleywine & N ewcom b, 1997). Several potentially  dangerous ac­
tions also correlate w ith  drug use (Jessor, 1998). M iller (1994) analyzed 
data from  four national surveys including m ore than  6,000  participants 
and found tha t problem  behavior theory may account for the appearance 
of stage-like progressions in substance use. H e found a large subgroup 
who used many drugs, and another set o f people w ho used no drugs at 
all T hese results are consistent w ith  the idea th a t an underlying 
“problem -proneness" m ay account for links betw een m arijuana and other 
drugs. Essentially, cannabis does not cause cocaine consum ption, bu t a 
subset o f  people w ho like marijuana also like cocaine.

In addition to  statistical independence and problem  behavior theory, 
a third set o f findings also supports argum ents against m arijuana as an 
isolated cause o f hard drug use. Studies tha t show  personality traits cor­
relate w ith  the use o f m ultiple substances may m ean tha t a personality 
characteristic led to  bo th  marijuana use and hard  drug use. These data 
suggest th a t the  same personality traits th a t can lead to  smoking cannabis 
can also lead to  snorting cocaine. Thus, th e  m arijuana may not cause th e  
use o f th e  o ther drugs; both stem  from  the sam e underlying character­
istic. A lthough evidence for an addictive personality is clearly limited 
(N athan, 1988), people who report strong desires for thrill, adventures, 
and sensations often use a greater variety and am ount o f  drugs (Simon, 
Stacy, Sussman, & D ent, 1994).

These findings suppo rt the idea th a t m arijuana cannot be isolated as 
the cause o f the use o f  hard drugs. Sim ple exposure to  cannabis is not 
strongly associated w ith th e  use o f  o ther intoxicants. H ard  drug users do 
not always use m arijuana first. Causes o ther than  m arijuana also lead to 
the  consum ption o f heroin or cocaine. Nevertheless, som e authors argue 
tha t marijuana may still contribute to  th e  use o f  harder drugs, even if  it 
is not a unitary cause. T hey assert th a t even if cannabis does no t qualify 
as the cause of o ther drug problems, it facilitates the use of m ore sub­
stances, increasing the likelihood o f  trouble.
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Marijuana as Contributor Rather than Cause
•

Few interesting behaviors, including drug use, arise from  a single process. 
D ata do not support the idea tha t smoking marijuana causes the abuse 
of o th e r substances. Nevertheless, perhaps m arijuana "contributes" to  the 
use o f  other drugs, even if  it does no t serve as the sole cause. This con­
tributing process could work in several ways. For exam ple, smoking m ar­
ijuana may lead people to  th ink  of them selves as illicit drug u_ers, making 
hard drug consum ption m ore likely. A nother pathw ay may arise when 
purchasing marijuana exposes people to th e  m arket for o ther drugs. In 
addition, marijuana intoxication may lim it a person's ability to refuse 
harder drugs when they are offered. These factors may in teract to  con­
tribu te to the  transition from  cannabis consum ption to hard drug use. 
Each o f these paths is discussed in th e  following paragraphs.

O ne potential path for m arijuana's im pact on substance abuse con­
cerns an individual's identity  as an illicit drug user. D espite ram pant con­
sum ption o f caffeine and nicotine, few of us see ourselves as drug users. 
Most people w ho have never consum ed an illicit drug would claim tha t 
they have no intention o f snorting cocaine or smoking crack. Yet people 
m ight alter the ir impressions o f them selves after smoking marijuana. 
W ith continued consum ption o f cannabis, people may see themselves as 
illicit drug users. After establishing this identity, their chances of trying 
o ther drugs m ay increase. T hus, people w ho may have had no intention 
of using cocaine or crack before they sm oked marijuana may consider 
consuming these drugs after a period o f cannabis use. Researchers have 
yet to exam ine this potentia l path, b u t studies along these lines may 
prove fruitful. Longitudinal studies m ight assess each individual’s identity 
as a drug user over tim e. Som e o f those w ho try m arijuana may adopt 
this identity; others may not. If those who smoke cannabis and subse­
quently consider themselves illicit drug users make the  transition to hard 
drugs, the  data would suppo rt this theory.

A nother pathway may involve exposure to  the illicit drug market. 
Suppliers o f cannabis may also sell harder drugs, exposing marijuana p u r­
chasers to  cocaine or heroin. A  supplier may have a set o f marketing 
strategies for these harder drugs, including strong personal testim ony 
about their quality. Each purchase o f m arijuana may expose people to  
sales pitches for more harm ful drugs, perhaps increasing the likelihood
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of eventually trying them . Few studies address th is course, bu t it has a 
certain intuitive appeal. This line o f reasoning m otivated  m arijuana de­
criminalization in th e  N etherlands in an a ttem p t to  separate it from  the 
hard drug m arket. Som e studies suggest tha t th is move decreased the 
consum ption of hard  drugs (see chap ter 10). O th e r studies m ight include 
interviewing hard drug users to  see if  they first obtained these drugs from 
the sam e person w ho supplied th e ir cannabis.

Finally perhaps m arijuana users w ould be m ore likely to try  other 
drugs during intoxication. People often use com binations of different 
substances (Earleywine & N ew com b, 1997).-Yet no  data address if  peo­
ple first try  cocaine or heroin w hile experiencing cannabis's effects. The 
cognitive im pairm ents associated w ith  m arijuana intoxication m ight de­
crease an individual's ability to resist using o th er drugs. A  couple o f  ex­
perim ents m ight shed light on this phenom enon. Researchers m ight pro­
vide access to  cocaine or heroin after injecting T H C  into rodents to  see 
if they  are m ore likely to  consum e the  new  drugs during intoxication. 
Studies o f hum an reactions m ight rely on self-reported willingness to  try 
o ther drugs after sm oking m arijuana. People may claim to be m ore likely 
to ingest a new  substance after consum ing cannabis than they w ould after 
smoking a placebo. These data w ould  support th e  idea th a t m ariju ia 
intoxication alters th e  probability ot consum ing hard  drugs.

Preventing Substance Abuse

If marijuana consum ption led directly to  the  abuse o f  hard drugs, pre­
venting substance abu -“ w ould be sim pler. In fact, drug problem s arise 
b o m  com plex interactions o f  m u ltip le  factors. Preventing addiction and 
o ther aspects o f substance abuse proves difficult. Many a ttem pts have 
been relatively unsuccessful, including scare tactics, basic drug education, 
the D rug Abuse Resistance Education (DARE) program , and enhancing 
self-esteem. O ther program s show  m ore prom ise, including interactive 
sessions th a t teach techniques for com bating peer pressure to use drugs. 
Social influence program s com bine m ultip le  strategies and have proven 
effective at decreasing drug use (Sussman, D ent, Stacy, & Craig, 1998). 
U nfortunately, no program  has consistently elim inated drug abuse in all 
participants, and th e  im pact o f prevention efforts can often dissipate 
quickly (Shope, C opeland, K amp, & Lang, 1998). D eterring drug p rob­
lems remains an ongoing challenge.
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standing in front o f  o ther participants to  declare their in tention. These 
activities have helped alter a ttitudes about drugs in o th er interventions. 
In addition to  these activities, social influence programs add u n iq u i com ­
ponents to  im prove outcom es.

T he unique com ponents o f social influence program s include increas­
ing awareness about the  actual num ber oi drug users, developing skills 
for refusing drugs when offered, and com bating indirect social pressures 
to use drugs Perceptions o f th e  num ber o f  users often lead to a skew ed 
sense o f drug consum ption. People often hold the  faulty idea th a t drug 
use is extrem ely com m on, and m ay feel th a t they  should use drugs in 
order to obey this norm . D rug users often assum e that everyone else uses 
drugs, too. Perceptions o f norm s for behavior guide actions in m any do- 
mai s. O bjective inform ation about drug consum ption often surprises 
participants, w ho frequently overestim ate the  incidence o f  use (Pei kins, 
M eilman, Lcichlitcr, Cashin, & Presley, 1999). A ccurate assessments o f 
the  num ber o f users may m inim ize pressures related to  the idea tha t 
everyone else consumes illicit drugs.

D rug refusal skills focus on resisting peer pressure to consum e drugs. 
These include m ore than Nancy Reagan’s sim plistic recom m endations to  
"just say no .” S tudents engage in role plays designed to  enhance their 
ability to  decline drugs w henever they are offered. Strategies in lude 
keeping their refusals direct, suggesting alternative activities, avoiding sit­
uations w here drugs are prevalent, and walking away i f  pressures feel 
threatening. Increasing awareness o f  indirect pressures to use drugs often 
focuses on the  inaccuracy o f  glamorized m edia portrayals o f substance 
use. Indirect pressures also m ay arise w hen social models, including par­
ents, older siblings, and peers use drugs. Increasing awareness about these 
pressures may help  inoculate against drug use (D onaldson e t al., 1996). 
T he m ajority o f prop ams th a t em ploy this social influence approach have 
had positive effects (H ansen, 1992). Im plem enting them  in m ore settings 
w ith detailed follow -up research can help m inim ize drug problem s in 
ways tha t sim plistic assum ptions about m arijuana as a gateway cannot.

Conclusions

T he idea th a t m arijuana serves as a gateway or stepping-stone to  the 
consum ption o f harder drugs w ith worse negative consequences has gen­
erated considerable interest. T here is no evidence tha t cannabis creates
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04 Understanding Marijuana Stq
physiological changes th a t increase the  desire for drugs. T he idea that 
m arijuana causes subsequent drug use also appears unfounded. Causes 
require association, tem poral antecedence, and isolation. Evidence for the 
association betw een m arijuana and o th e r drugs rem ains lim ited. P a ta  do 
reveal th a t th e  m ajority o f cocaine and heroin users consum ed cannabis 
first. N evertheless, only a m inority o f m arijuana sm okers try cocaine, 
crack, o r heroin O nly a few people becom e regular users o f these in tox­
icants. In addition, m arijuana does n o t precede the use o f hard drugs in 
all cases. Finally, correlations betw een m arijuana smoking, hard  drug con­
sum ption, and o ther problem  behaviors suggest th a t one drug may not 
lead to  ano ther so m uch  as all use o f  illicit substances reflects an under­
lying deviance or personality  characteristic. Thus, prevention o f  drug 
problem s requires m ore than staying away from  cannabis.

Many program s designed to  m inim ize substance abuse have m et w ith 
only lim ited  success. T h e  scare tactics o f  th e  1960s and 1970s had little 
im pact on drug use. T he  D ARE program , though popular, does little to 
prevent the  use of illicit substances. T he enhancem ent o f  self-esteem  also 
does no t prevent drug problem s. O ne series o f  studies suggests tha t p ro ­
grams designed to m inim ize th e  im pact o f social influences to  use drugs 
holds considerable prom ise. By providing valid inform ation on the rela­
tive infrequency of drug use and vah able coaching on ways to resist 
pressures to  use intoxicants, these program s can help decrease the inci­
dence o f  abuse and dependence.

Comment on the Computation of Correlations

A few adventurous souls m ay wish to  know the  exact correlation b e­
tween m arijuana use and th e  use o f  o ther drugs. A Pearson p roduct- 
m om ent correlation can be com puted  from  a 2 X 2 tab le  using the cross 
products and the  marginals, in a m anner th a t is easier done than r.aid. 
Cross p roducts are com pu ted  by m ultiplying the  num bers along the d i­
agonal. M arginals are th e  totals across each row and colum n. The cor­
relation (R) equals th e  difference in th e  cross p; oducts divided by the  
square roo t o f th e  p rodu ct o f  all four marginals (Rosenthal & Rosnow, 
1991). Using th e  data on drug use from 1999, and an assum ption o f 221 
million adult A m ericans, we can com pute the  correlation betw een m ar­
ijuana and crack cocaine use. Assum e absolutely everyone w ho tried
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Table 3.3. Millions of Americans Who Have 
Tried Marijuana, Crack Cocaine, Both, or 
Neither (1999)

Tried crack

Tried marijuana
i* i •

Ye* No Total

Ye* 6 0 6
No 70 145 215
Total 76 145

crack tried  m arijuana previously. T he nu m b er o f people (in millions), 
who tried  m arijuana, crack cocaine, bo th , or neither, appears in table 3.3.

Thus, o f 221 million adult A m ericans, 76 million tried  m arijuana and 
145 million d id  not. Assum e tha t th e  6 m illion A m ericans who tried 
crack cocaine also tried  m arijuana Thus, 70  million people who tried 
m arijuana never tried crack. T he  correlation from  this table is com puted  
by starting w ith the difference in th e  cross products. Moving from the  
upper left to low er right on h e  diagonal, w e have 6 m illion X  145 m il­
lion =  8.7 X  1013. T he upper right tim es th e  low er left is 0 X  70 million 
=  0. T he difference betw een these tw o equals 8.7 X  1013. W e divide this 
num ber by the  square root o f  th e  p rodu ct o f  th e  four marginals. SQ R T  
(76 million X  145 million X  6  million X  215 m illion)=  3.77 X  10,s. 
W e divide 8.7 X  1013 by this num ber and get a correlation o f  .02. T he 
num bers for heroin are even smaller because so few people have ever 
tried it. Thus, th e  correlation betw een m arijuana consum ption and the 
regular use o f these harder drugs is negligible.
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»Marijuana use and cancer incidence 
■ (California, United States)

■ S te p h e n  S id n e y , C h a r le s  P. Q u e s e n b c r ry ,  Jrn G a r y  D . F r ie d m a n ,  
a n d  I r e n e  S . T e k a w a

16 Dtctmbo 1996; accepted in revised form 12 May 1997)

i s  si*Francmin
Ij’flco n
^ r v c

|T h e  purpose o f  this retrospective cohort study was to  exam ine the  relationship of m arijuana use to  cancer incidence. 
: study  population  consisted of M ^5S examinees in  the Kaiser Perm  an cm  e m uhiphasic health checkup in  San 
id ic o  and O akland (California, U nited States), between 1979-85, aged 15 to  49 years, w ho completed self-ad- 

m inistercd questionnaires ab o u t sm oking habits, including m arijuana use. FoHow-up for cancer incidence was 
onducted th ro u g h  1993 (m ean length 8^  years). C om pared w ith  nonusers/cxperim cnters (lifetime use of less tftan 
ten rimes), ever- and cu rren t use of m arijuana were n o t associated w ith  increased risk of cancer of all sites (relative 

risk [RR] = 0.9, 95 percent confidence interval [C l] a  0.7-1 J  fo r ever-use in men; R R  = 1 .0, C l =* 0.8- 1 .1 in women) 
^ f ^ ^ i a l y s c s  adjusted for sododem ographic factors, cigarette sm oking, and  alcohol use. M arijuana use also was not 
|.'^IjC ^ftated w ith tobacco-related cancers or w ith cancer of the following sites colorectal, lung, m elanom a, prostate, 

t ^ K t ,  cervix. A m ong nonsm okers of tobacco cigarettes, ever having used m arijuana w as associated vrith increased 
risk of p rosta te  cancer (R R  a 3.1, C l = 1 .0-9.5) and nearly significantly increased risk o f  cervical cancer (RR = 1.4, 

fH C I -  1 .0-2. 1 ). W r conclude th a t, in  this relatively young study cohort, m arijuana use an d  cancer were c o t associated 
I V n  overall analyses, bu t th a t associations in nonsm okcrs o f tobacco cigarettes suggested th a t m arijua ta  use might 

affect certain  site-specific cancer risks. Cancer Causes and Control 1997, 8, 722-728

fry words: C ancer incidence, marijuana, retrospective cohort study, U nited  States.

I "in tro d u c tio n

larijuana use is by far more prevalent than the use of 
any other illegal drug in the United States *t has been 

rB s r in u t td  that nearly enc-third of the US population 
^B g ed  12  and older has used marijuana.1 The m ost common 

route of adm inistration is smoking. Since marijuana 
_ ^ m o k e  contains many of the same chemicals as tobacco 
|H a io k e , in addition to containing 60 cannabinoid com­

pounds, it is plausible to hypothesize that it may be 
carcinogenic.3 However, marijuana has not been estab- 

S j jsh e d  as a risk factor for any cancer, although it may play

a role in the development o f lung cancer ”  and of bead 
and neck cancers.M The uncertainty in establishing m an­
juana as a cancer risk factor may be due, in pan, to the 
difficulty in separating the effects of marijuana from tbe 
effectj of tobacco cigarettes, since in m any instances the 
marijuana sm oker also smokes tobacco cigarettes. Even 
though a marijuana cigarette may be smoked in a more 
intense manner (greater puff volume and length of inba- 
lation)10 than a tobacco cigarette, the total quantity of 
marijuana smoked by a user during his/heT lifetime is

ere with the Division of Research, Kaiser Permanente Medical Care Program, Oakland, Californio, USA. Addreu correspondence | 1  Dr Sidney, Kaiser Permonentt Division of Research, Jf OS Broadway, Oakland, California 946U-S714, USA. This research was 
pponed by Grant no. R01 DA06609 from the US National Institute on Drug Abuse. Dr Friedman is supported in part by Grant no. 

14976/ from the US National Cancer Institute. Dots collection regarding alcohol use was supported by a grant from The 
Beverage Medical Research foundation (Baltimore, MD. USA).
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r illy  a any fi action of tbe  quantity smoked by a 

co cigarette user.

T f  irnnrr \\are t)i» fin d in g  nf • «nidv nf rli» reLri/m- 

»xup oi manjuana use to cancer incidence in a cohort of 

nearly 65,000 member* of a large, prepaid health plan. 

This study is important because relatively little research 

has been reported regarding the relationship of marijuana 
use to human cancer, and we are unaware o f any other 
cohort studies which have examined this issue. We hy­

pothesized that marijuana use would be associated with 

increased risk of tobacco-related cancers, but that it might 

be difficult to detect this risk because of the coexistence 

of tobacco cigarette smoking in marijuana smokers. In 

previously published work," wc did not find an associa­
tion between marijuana use and cancer mortality.

M ate ria ls  a n d  m e th o d s

Study population
The study cohort is composed of 64,855 Kaiser Perma­
nence Medical Care Program (K PM C P) members, aged 
15 to 49 years (mean 33 years), w ho voluntarily completed 

Bsjj self-administered research questionnaires between mid- 
1979 through 1985 regarding tobacco, marijuana, and 
alcohol use id the context of a m ultiphasic health checkup 

conducted in the San Francisco (unul 1980) and 
^ ^ ^ ^ a k l a n d  Ksiscr Permancntc facilities in California (US). 

Written assurance was provided at the beginning of the

■
 questionnaires that all answers w ould be kept confiden­

tial, and that the questionnaire w ould n o t become part of 
the medical record or sent to  the m em ber’s doctor. Fol-

■
 low-up was carried out from the date of the M H C  to date 

of the earliest of the following: cancer diagnosis (n = 
1,421); death (« = 495); diagnosis of H IV  positivity or 
AlDS(n = 384); membership term ination (» = 34,887); or 
31 December 1993 (n = 27,668). The mean length of fol- 

R i  low-up was 8.6 years.

Source o f follow-up data

Incident cancers through 1993 were determined from 
com puterized  databases o f con firm ed  cancer cases

■
 maintained by the N orthern  California Cancer Center 

(prior to 1988) and from the Kaiser Perm ancntc N orthern 
California Regional Cancer Registry (1988-93). Cancer

■
 cases were categorized according to ICD -9 codes 11 Cancer 

site* categorized  as sm oking-rela ted included upper 
aerodigestive (including esophagus), lung, pancreas, kid­
ney', and bladder, as specified by the International Agency

■
 for Research on  Cancer (IA R C ) in 1984.’1 Wc did not 

include cervical cancer and acute leukemia in the grouping 
of smoking-related cancers, although evidence has accu- 
E l a t e d  linking sm oking to cancer o f these sites.K,‘

 ̂/A ID S cases were ascertained from  the N orthern

California Kaiser Permanence Medical Care Program 
H TV/AIDS database. Wc excluded 92 cancer case* that 

occurred subaeouent to or w ithin one vear nrior to  the

date of H IV /A  IDS diagnosis, distributed as follows: 68 
Kaposi’s sarcoma; 16 lymphatic cancer*; eight o ther rites.

M ortality wa» ascertained through 1993 by com puter- 
matching names and other demographic data w ith the 
C aliforaiadeath file axing the C alifom iaA utom aied M or­
tality Linkage and Information System (CA M LIS),*4 In  
a test *ub*et o f  4,695 M H C  examinees, this m ethod was 
found to  produce more filse-negative results ( 1 1  percent 
cf six percent of known dead classified as alive) and fewer 
false-positive results (0.07 percent c f  \  2  p ercen t o f 
know n alive classified as dead) com pared with u tiliza­
tion of the N ational D eath Index in ascertainment of 
m ortality.1* Membership status w s j  determ ined fo r each 
year by exam ination o f com puterized file* m aintained 
by the N o rth ern  California Kaiser Perm anente Medical 
C are Program .

Determination o f mariju An a me
Current marijuana jm oking was d fined by respondent’* 
admission to smokinp, currently ai d more than six times 
ever. Form er marijuana smoking vas defined by denial 
of current smoking butadmission to  having smoked more 
than six times ever. Nonsm oking w u  defined as never 
having smoked. Experimenters w  ,rc defined as those ad­
mitting to  having ever smoked rom  one to six times, 
livcr-smokers included current a ad former users but ex­
cluded experimenters. Duration o f use (num ber of years) 
and frequency o f  use (‘less thai once a m onth,’ ‘about 
once or twice a m onth,’ 'about once or twice a week,' 
and ‘alm ost every day') were assessed in ever-users 
D ata were not collected in former users regarding tbe 
length of time since they last used marijuana.

Determination of tobacco cigarette uie and alcohol me 

Persons were classified as current, former, or never-smokers 
of tobacco cigarettes on the basis o f their questionnaire 
responses." C urrent and former smokers were also ques­
tioned about frequency (num ber of cigarettes per day) 
and d u n tio n  (years) of smoking. Alcohol consumption 
was categorized as current use, former use, and nonuse. 
C urren t drinker* w e r e  questioned about how many 
drinks they usually had during the past year: ‘nine or 
m ore per day,’ ‘six to eight per day,’ ‘three to five per 
day,’ ‘one o r two per day,’ 'less than one per day, but 
m ore than one per month,’ and ‘less than one per m onth 
(special occasions only).’

Analytic melhodi

'iTic analyse* were planned to compare the risk of cancer 
associated w ith cvcr-usc of marijuana and w ith current 
use of marijuana relative to never o r experimental use.

Manjuana and cancer
* , f

Cancer Caum And Con no! Vol I. It97 723
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Statistical analyses were perform ed using SAS programs.11 
Age-adjusted incidence rates were calculated by the direct 
method using 10 -year age groupings with the 1990 US 
population as the standard. C ox proportional hazards 
models were used to examine the joint effect of *o- 
ciodetnograpinc characteristics, marijuana use, tobacco, 
and alcohol use on the risk of cancer, from which estimates 
of relative risks (RR) and associated 95 percent confidence 
intervals (C l) were obtained.” Two-way interactions be­
tween marijuana and tobacco use and between marijuana 
and alcohol were tested by including cross-product terms 
in the proportional hazards models. The interaction terms 
were statistically significant in a few of the models (to 
bacco and cver-use o f marijuana fo r colorectal cancer in 
women and melanoma in men; alcohol and both cvcr- 
and current use o f marijuana for p ro su te  cancer in men; 
alcohol and both ever- and current use of marijuana for 
breast cancer in women). However, the RR estimates 
associated with tobacco o r alcohol use within any given 
level of marijuana use in these models had wide C Is and 
lack of dose-respoDsc, so that only the main effects are 
reported in this paper. To obtain estimates of the overall 
risk associated w ith marijuana use, adjusted for tobacco 
cigarette use, tobacco cigarette use was categorized as a 
thrcc-Icvel variable (Le., nonuser, former user, current 
user).

RECEIVED JAW 1 3 2SW
Results
Sododemographic cbaraaeruttcs (Table J)

C urrent users, former users, experimenters, and nonusert, 
respectively, comprised 22 percent, 20  percent, 20  percent, 
and 38 percent cf the cohort. The percentage of errer-users 
was highest in the 20 to 29 year age group. Ever-use of 
marijuana was more com mon in men than in women, and 
more common in Whites followed by Blacks, Hispanics, 
and Asians.

Tobacco cigarette ate

The distribution  of m arijuana use (ever c f  nonusers/ 
experim enter) and tobacco cigarette sm oking (ever cf 
nonsmoker) are shown in Table 2 . 'ih e  prevalence o f a 
h istory of tobacco-cigarettc sm oking was 54 percent 
higher in cver-users of marijuana (59.9 percent) than in 
nonuscrs/experimentcrs (38.8 percent). A substantial p ro ­
portion of marijuana users were nonsm okers o f tobacco 
cigarettes (40.1 percent of evcr-users o f marijuana (10,710 
of 26.735J).

Distribution o f cancer sites

Overall, there were 379 incident cancers in men, and 1,042 
incident cancers in women. Wc perform ed analyses for 
cancers of all sites, lobaceo-related cancers, and individual

Table 1. Sociodom ographic characteris tics ol a  cohort ot Kaisor Perm anente  M edical C are  Program  m em bers (n « 6 4 ,e 5 5 )  by 
marijuana u se  sta tus . Ju n e  1979 through Decem ber 1985

S ta tu s  a t m u ltip h as ic  h e a lth  
check u p

N ever E xperim en ter Form er C u rre n t

Age (yrs)
15-19 P02 556 508 757
20-29 5,489 3,864 4,734 5,970
30-39 8.929 5,320 5.751 5,759
40-49 9,847 3,413 1,707 1,547

G ender
Male 9.072 5.271 6.075 7,502
Female 15,895 7,884 6,625 6,531

R ace
White 9.894 7,316 8,372 8,743
Black 7.654 3,770 2.838 3,974
Asian 6,085 1,062 649 399
Hispanic 1,525 615 476 528
Other/unknown 800 392 365 389

Education
5  High school 5,837 2,420 1,887 2 .5 18
Technical/business school/ 8,706 4,760 4,456 5,435

som e college
College g raduate / post g raduate 9,941 5,703 6.034 5,850
Unknown 483 272 321 230

Total 24.967 13,155 12.700 14,033

724 Cancer Cautci and Contro l. VoJ I 199>
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itcs -with JO or more gender-specific incident cancers 

(colorecul, lung, and melanoma for both genders; 
prostate for men, and breast and cervix for women), Tbe 

counts for al) these groupings and sites by marijuana and 

tobacco-cigarette use status are shown in Tables 3 and 4.

Table 2 Distribution ot study population by gender and by 
evsr-use ol marijuana and tobacco cigarettes, Kaiser Perma­
nent* Medical Care Program

M ariju an a /c ig a re tte  
sm o k in g  h la to ry

M en W om en

M arijuana
u s e

T o b acco  
c ig a re tte  u ee

No. No.

Never Never 8,170 15,360
Never Ever 8.173 8,419
Ever Never 5,503 5,117
Ever Ever 7.984 8,039
Total 27,920 38.935

and tobacco Cigarrlte Hit in rtUtion (o 

esncrr inddtnee

As expected, tobacco cigarette use, regardless of marijuana 
use status, was associated with increased risks of tobacco- 

related cancer ranging from 2.7 to 3.8 relative to nonuse 

of marijuana and tobacco cigarettes in models adjusted 
for age, racc/etbnicity, education, and alcohol use (Tables 
3 and 4); RRs for lung cancer associated with tobacco 

cigarette use ranged from 9.2 to 112. Ever-use o f mari­

juana by nonsmokers of tobacco cigarettes was associated 

with increased risk in men of prostate cancer (RR » 3.1, 

C l ■  1.0-9.5) and w ith a nearly significant increased risk 

in women of cervical cancer (RR =  1.4, C l m 1.0-2.1) rela­
tive to nonuse of m irijuana and tobacco cigarettes. 
Additional adjustment for marital status did not appre­
ciably alter the estimates of RRs for cancer of these sites, 
nor was it statistically significantly associated w ith these 
cancer sites. We also examined the association o f mari­

juana use with invasive cervical cancer, comprising I I  

percent (33 of 302) of all cervical cancers. Evcr-use of 
marijuana in nonsmokers of tobacco cigarettes was asso-

Tablo 3. Counts, age  adjusted  rates, and  relative risks (RR) ol all cancers, tobaoco 
sitos by marijuana and  cigarette  sm oking s ta tu s  In m en, K aiser Perm anente Medical

rela ted  can cers , un d  can ce rs  of specific 
C are  Program

^ 1 ^ ^ ^  S ite  can cer M arijuana, c ig a re tte  
sm o k in g  h is to ry

N um ber of c a s e s Rate* RR* (Cl)e

All s ite s Never, never 109 149 1.0 —
Never, ever 138 169 1.1 (0 9-1.5)
Ever, never 38 186 0.8 (0.5-1-2)
Ever, ever 96 165 1.1 (0.8-1.5)

Tobacco-related Never, newer 12 19 1.0 —
Never, ever 56 68 3.1 (1.8-5.8)
Ever, never 3 7 0.8 (02-2.9)
Ever, over 28 39 2.8 (1.4-5.6)

C olorectal Never, never 16 16 1.0 —
Never, ever 15 18 0.8 (0.4-1.6)
Ever, nevoi 4 7 0.7 (0.2-2.1)
Ever, ever 10 29 0.9 (0.4-1.9)

Lung Never, naver 2 3 1.0 —
Never, ever 32 39 10.3 (2.4-43.7)
Ever, never 0 — — _
Ever, ever 14 28 9.2 (2.0-42.0)

M elanom a Never, never 23 27 1.0 -
Never, ever 10 9 0 5 (0.2-1.0)
Ever, never 6 11 0.5 (0.2-1.3)

j P ro sta te
Ever, ever 19 25 1.1 (0.6-2.0)
Never, never 9 16 1.0
Never, ever 21 28 2.0 (0 .9 -4 5 )
Ever, naver 5 95 3.1 (1.0-9.5)
Ever, aver 7 31 1.7 (0.6-4.9)

P er 100,000 pe rso n -y ears, a g e  ad justed  to 1990 US population 
A djusted tor ag e , race , education, and  alcohol u se .
Cl * 95% confidence interval.
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Table 4. Counts, age-adjusttd rats*, and rotative rbki (RR) of all cancers, tobacco related cancers, and 
sites by marijuana and cigarette smoking status at women, Ka»«r Permanente Medtcal Care Program

cancers of specific

Site ot cancer Marijuana, cigarette 
smoking history

Number ot cesas Rate* BR*

All s ite s

Tobacco- re la ted

Colorectal

Lung

Melanoma

Breast

Cervix

Never, never 
Never, ever 
Ever, never 
Ever, ever 
Never, never 
Never, ever 
Ever, never 
Ever, ever 
Never, never 
Never, ever 
Ever, never 
Ever, ever 
Naver, never 
Never, ever 
Ever, naver 
Ever, ever 
Never, never 
Never, ever 
Ever, never 
Ever, ever 
Never, never 
Never, ever 
Ever, never 
Ever, ever 
Never, never 
Never, ever 
Ever, never 
Ever, ever

406
353

93
188
18
55
0

10
27
28 

1 
6 
5

36
0
8

23
18
8

16
171
113
22
54
92
80
48
82

260
393
403
408

1?
54

47
18
26

e*€

8
4

35

44
11
18
71
19

101
117 
115 
138
62

118 
119 
125

1.0
1.3 
1.1 
1.2 
1.0 
3.8

2.7 
1.0 
14 
0.3 
0.9 
1.0 
98

11.2
1.0
1.1
1.0
1.2
1.0
0.9

0.8
1.0
1.0
1.7
1.4 
1.6

(CO*

(1,1-1.5) 
(0.8-1.3)
(1.0-1.4)

(21-87)

(1.2-6.3)

(O.B-2.4)
(0.0-2.6)
(0.4-2.3)

(3.6-26.5)

(3.3-37.7)

(0.6-2.0) 
(0.4-2.3) 
(0 6-2.5)

(0.7-12) 
(0.5-1.3) 
(0.8-1.5)

(1.2-2,3) 
(1.0-2.1) 
(1.2-2.2)

Per 100,000 p erson -y ears, ag e  adjusted  to 1990 US population. 
Adjusted for age , race , education, and  alcohol use  
Cl = 95%  confidence interval

ciatcd w ith a nonsignificant increased risk of invasive 
cervica] cancer (RR. =■ 2.4, C l *  0.8-6.7). The overall risks 
of cancer associated w ith over-use o f marijuana arc shown 
in Tabic 5, adjusted for tobacco cigarette sm oking status 
(non-, former, current) as well as the other variables noted 
earlier. Ever use of marijuana was not associated in men 
or in women with increased or decreased risk of any 
cancer grouping or individual site. The results of analyses 
of cancer incidence excluding the 222 (15.6 percent of 
total cancers) which developed within the first tw o years 
of follow -up was similar to the overall results, suggesting 
that the overall results w ere not affected hy symptoms 
caused by cancer p rio r its diagnosis that affected the 
decision to use marijuana.

The Findings in regard to  current marijuana use were 
similar to those for ever-use of marijuana. C urren t mari­
juana use also was associated with increased risk of 
prostate cancer (RR ■= 4.7, C l =1.4-15.5) and a nearly

Table 5. Bisk of cancer in ever-u sers of m arijuana relative to 
nonuscrs/experim enters adjusted  tor cigarette sm oking 6tatvs 
and  o th e r v a r ia b le s*  K aiser P e rm a n e n te  M edical C are  
Program

Site  of c a n c e r Men W omen

RRd (Cl)* RR* (ci)e
AH sites 0.9 (0.7-1-2) 1.0 (0.8-1.1)
Tobacco-related 0.9 (0.6-1.4) 0.7 (0.3-1.4)
Colorectal 0 .9 (0.5-1 B) 0.6 (02-1.3)
Lung 0.9 (0.5-1.7) 1.1 (0.5-26)
M elanoma 1.2 (0.7-2.1) 1.1 (06-1.9)
Prostate 1.3 (0.6-2.6) — —
Breast — — 1.0 (0.8-1 3)
Cervix — — 1.1 (0.9-1.5)

Adjusted tor ag e , race , education, alcohol u se , and  
tobacco cigarette  sm oking.
RR = relative risk.
Cl = 95%  confidence interval.
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significant increased risk of cervical cancer (RR *  1.6, C l
» 1.0-2.5).

Wc examined the association of duration (years) and 

frequency of marijuana use for cancer-site groupings and 
for individual sites with 10 or more gender-specific inci­
dent cancers among evcr-usert of marijuana. Duration of 

use was not associated with the risk of any cancer site or 

grouping of cancers. For prostate cancer, a tendency to­
ward an association of frequency of marijuana use with 
increased risk was evident, with usage one or more times 

per week (563 percent of male ever-users) associated with 
a nonsignificant twofold increase in the risk of prostate 
cancer relative to nonmers/ntperimenten. However, the 
addition of frequency of use did not improve the fit of 

any of the models for prostate cancer or for cancer of any 
other site or grouping of cancers.

D iscussio n
The main findings were the lack of association of mari­
juana use with overall cancer incidence and with the 
incidence of til tobacco-related cancers combined. Mari­
juana use was associated witb an increased risk of prostate 
cancer in men w ho were nonsm okers o f tobacco ciga­
rettes, and a nearly significant risk of cervical cancer in 
women who were current marijuana smokers and non- 

okers of tobacco cigarettes.
The association between marijuana use and prostate 

cancer found in this study raises the question of potential 
horm onal mediation. There is a significant body of evi­
dence suggesting that androgens are im portant in prostate 
carcinogenesis, including the following; (i) androgens art- 
required for the normal growth and maintenance of the 
prosute;"(u)testosterone has been shown toinduce pros­
tate cancer in laboratory rodents;”  and (iii) prostate cancer 
rarely occurs in eunuchs, and antiandrogen therapy or 
ablation results in regression of prostate cancer.”  Studies 
examining the relationship of serum testosterone to p ros­
ta te  cancer in hum ans have n o t show n consisten t 
results.” ”  An early Study showing tha t plasma testoster­
one levels in men were decreased in chronic marijuana 
users” has not been supported by most of the numerous 
subsequent studies regarding this issue.”  Sexual activity 
measures have been inconsistently associated with pros­
ta te  cancer,17 a lth o u g h  th e y  a rc  a ss o c ia te d  w ith  
psychoactivc drug use.”  It is notable chat the prostate 
cancer cases represented in this study are relatively young 
compared with those occurring in the general population, 
since the maximum age reached by this cohort during 
follow-up was 63 years.

Cigarette smoking has been shown to be a risk factor 
for ceivical cancer in many s tu d ies 15 The association of 

^■ vtjuana use with cervical cancer in non-smokers might 
^^^Vcct confounding by sexual activity, since num ber of

a n d  cancer

sexual partners is a risk factor for cervical cancer”  and is 
associated with psychoactive drug use."

The major limitations of this study include reliance on 
self-report for ascertainment of marijuana-usc sutus; 
inability co study change iq marijuana-usc sutus during 
follow-up; and lack of lengthy follow-up into the geriatric 

age range, as noted earlier. We do not believe that under­

reporting o f marijuana use is like ly to have been a 

significant problem because data collection on marijuana 
use was completed before the acceleration of the 'W ar on 

Drugs’ in the late 1980s, during a period o f time when 
the environment surrounding marijuana use was more 
accepting. Additionally, marijuana use rates in  the study 
cohort were similar to those reported during the same 
time period hy the National Household Survey on Drug 

Abuse, the most authoritative source of statistics on illegal 

drug use in the US "  Lack of longitudinal data regarding 
an exposure is a common feature of many cohort studies. 
Wc believe that it is unlikely that cvcr-use of marijuana 
would have increased substantially over time, because a 
relatively small proportion of the cohort arc likely to have 
initiated marijuana use during follow-up which occurred 

in a period marked by a significant decline in self-reported 
marijuana use in the US-1 

In  conclusion, this study did not show any significant 
associations between marijuana use and cancer in  overall 
analyses, but showed associations suggesting increased 
risk of prostate and cervical cancer in marijuana users 
who were nonsmokers of tobacco cigarettes. We do not 
consider any o f the findings to be conclusive, and as with 
all epidemiologic work, we strongly suggest that mari­
juana use and cancer be studied in other settings.
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S h o r t - T e r m  E f f e c t s  o f  C a n n a b i n o i d s  

o n  I m m u n e  P h e n o t y p e  a n d  F u n c t i o n  

i n  H T V - l - I n f e c t e d  P a t i e n t s

B a r r y  M . B r e d t ,  D a n a  H i g u e r a - A lh in o ,  S t a r l e y  B . S h a d e ,  
S a m u e l  J, H e b e r t ,  J o s e p h  M . M c C u n e ,  a n d  D o n a l d  I. A b r a m s

Cannabinoids, including smoked marijuano and 
ti-tetrahydrocannabinol (THC) (dronabinol, Marinol), have 
been used to treat human immunodeficiency virus- 1  
(HTV)-ossociated anorexia and weight loss. Concerns have 
been raised, however, that these compounds might have ad­
verse effects on the immune system of subjects with l-IIV in­
fection. To determine whether such effects occur, the duthors 
designed a randomized, prospective, controlled trial compar­
ing the use of marijuana cigarettes (3.95% THC), dronabinol 
(2.5 mg), and oral placebo in HIV-infected adults taking pro­

tease inhibitor-containing highly active antiretroviral ther­
apy (HA ART). Assays of immune phenotype iincluding flow 
cytometric quantitation ofT ceil subpopulations. B cells, ond 
natural killer (NK) cells) and immune function (including is- 
says for induced cytokine production, NK ceU function, and 
iymphoproliferation) were performed at baseline and weekly 
thereafter. On the basis of these measurements and during 
this short 2 1  -day study period, few statistically significant ef­
fects were noted on immune system phenotypes or functions 
in this patient population.

Journal of Clinical Pharmacology, 2002:*2:82S-S9S

In th e  era p rio r  tc  th e  in trod uction  of highly active 
an tire trov iral th e rap y  (KAART),,and largely in  the 
absence o f any  su p p o rtin g  data, sm oked m arijuana be­

cam e increasing ly  u sed  for the  treatm ent o f hum an  im ­
m u n o d efic ien cy  v irus-1  (HTV )-associated anorexia  
and  w eight loss.1 L eg islation  w as passed  in  California 
in  1996 tha t enab led  p h y sic ian s  to  recom m end m ari­
juana for a  n u m b e r o f  m ed ica l conditions, includ ing  
the  AIDS w asting  syn d rom e. A ccess to  sm oked m ari­
juana w as fac ilita ted  in  th e  San Francisco Bay A rea by' 
the  c reation  o f  n u m ero u s cannab is “buyers c lu bs.”* At

from th« Deportment of Medicine, General Clinical Rejeorch Center at 
Sor Francisco General Hospital (B. M. Bredt); Gladstone Institute ot Virol- 
rwjy and Immunology, San Francisco (D. H;gu«iu-AJIwio, S. J. Hebert, J. M.

* McCune);.Department of Medicine, Positive Health Program ot Son Fran­
cisco General Hospital (S. B, Shade, D. I. Abrams); ond Departments of 
Medicine or>d Microbiology ond Immunology, University of California, San 
Francisco (J. M. McCune). Supported by R01 DA/MH 11607, NIAID 2P30  
AI27763,aind NCRRMQ.1 RR00083. J. M, McCune is on Efnobeth Glaser 
fcdiatric A|DS Foundation Scientist and o recipient of the Burroughs 
Wellcome Fund Clinical Scientist'^vrard in Translational Ri-^arch. Address 
for reprints: Donald I. Abrams, MD, Professor of Clinical Medicine, Son, 
Francisco General Hospital, Word 8 4 , 995  Portcro Avenue, San Fran- ' 
cisco, CA 9 4 1 1 0 . " - - - -  — /
DOI: 1 0 .1 1 7 7 /0 0 9 1 2 7 0 0 0 2 2 3 8 7 9 8

on e  tim e, it w as estim ated  that su ch  establishm ent 
w ere p rov id ing  m arijuana to  m ore than  10,000 clients 
w ith  HIV infection.

D espite anecdotal reports of w eight gain and im­
p rovem ent in  m ood  a n d  quality  o f life in  their patients 
w ho  sm oked m arijuana , m edical prov iders caring for 
p a tien ts  w ith  HIV infection  h ave ra ised  concerns about 
th e  safety of m arijuana sm oking by  patien ts with im­
m u n e  deficiency. S tu d ies o f tbe  effect o f marijuana on 
im m un ity  have been  con trad icto ry  and , when viewed 
in  aggregate, d ifficu lt to  in te rp re t  T he m ajor psychoac­
tive com ponent of m arijuana, ^ ’-tetrahydrocannabinol 
(THC), h as b een  reported  to  su p p ress  im m une fanc-
tirfnc enr-h ac cel! proliferation;-antibody'yioduCtrorr,'-
n a tu ra l k iller (NK) cell activity, a n d  m acrophage func­
tio n ; to  dysregulate  p ro d u c tio n  o f proinflammatoiy 
cy tok ines such  as interferon-gam m a (IFN-y) and tumor 
necrosis  factor-alpha (TNF-a); and  to  confer altered 
su scep tib ility  in  v ivo  to infection  w ith  intracellular or­
ganism s such as Legionella pneumophilio and  to herpes 
sim p lex  viriis type-1 infected  cells.5-10.

Two cannab in o id  recep to rs, CB1 and  CB2, have 
been  iden tified .11 T he C B l receptor, w h ich  is preferen­
tia lly  expressed  in  the  b rain , h as  been  iden tified  as the

8 2 5  • I Clin Pharm acol 2002 ; 12:82
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?viral f/ier-f r

fevtply cause o f cannab is-m ed ia ted  central nervous sy»- 
Pjco effects. In  contrast, th e  CB2 receptor is preferen- 

•ully expressed  in  perip h era l tissues m c h  as th e  m ar­
ginal zone o f  tbe  sp leen  a n d  on th e  surface o f B 
'ym phocytes a n d  NK ce lls .’7 A ccordingly, the  po tential 
’•xists for in te ractions b e tw een  THC and  the  im m une 
[system.
j l b  date, the re  have  been  n o  con tro lled  investigations 
:■ i  the im pact o f m arijuana on  im m une function  in  p a ­
tien ts w ith  HIV infection. E ither as a stim ulan t or sup- 
* jressant o f  im m u n e  fun ction , m arijuana could  poten­
tia lly  lead to  increased  v ira l burden . T h is poten tia l 

t d ie d  also h a s  never been  investigated  in  a prospective, 
P :o n tro lle d  f a s h io n . F in a l ly , tb e  p o te n t ia l  fo r a 

irug-drug in te rac tion  bet" een protease inh ib ito rs and  
“narijuana is particu larly  w orrisom e because bo th  are 

!udingf lo \&  metabolized b y  th e  cy tochrom e P450 enzym e system . 
h B cells, an<T md m any HIV-infected p a tien ts  con tinue  to sm cke 
u dudingasJ narijuana as a n  appetite  s tim u lan t or to  decrease nau- 

ic tio n , an& m  associated  w ith  the ir antire trov iral therapy .1-1'1®
* and To m o re  c lo se ly  ev a lu a te  th e  p o ss ib ility  o f these  $d
s and during rerse effects, w e  d e s ig n ed  a  s tu d y  lo  d e te rm in e  th e  

pi [leant cf-•' ^ fe ty /to x ic ity  p ro file  o f c a n n a b in o id s  in  p e o p le  w ith  
<rjun on g jv  in fec tio n  o n  p ro tea se  in h ib ito r-c o n ta in in g  regi- 

i'42:B2S’09S BenS- sP ec ih c  goals o f  th is  s tu d y  w ere  to  dcter- 
" - n in e  th e  sh o r t- te rm  effec ts o f  c a n n ab in o id s  (sm oked

•  £m d  oralj on  HIV RNA levels, the  im m une system , and
r he pharm acok inetics of tw o  w idely  used  protease in-

, .  i_ db ito rs , in d in a v ir  a n d  nelfinav ir. V iral lo a d  w as se-
“ ^ ^ . le c l i i d  as th e  p rim ary  e n d p o in t because it m ight be af-

clienw. fex.ted by a n  in teraction  b etw een  cannabino ids and  the
- metabolism o f the  pro tease inh ib ito r a n d /o r betw een

an and ud-t ^ n n a b in o id a  a n d  the im m un e  system . R eported here
ir patients^ ^  ^ e ^ a m u n e  end p o in ts  o f th is s tu dy  o f th e  short-
car^ 5  term effects o f  can nab in o id s in  patien ts w ith  HIV infec-

. T i o n .  P u b lish e d  d a ta  a re  re p o r te d  sep a ra te ly  o n  (he
■ * w t un*K-’}bort-term e ffec ts  o f  c a n n a b in o id s  on  v ira l lo a d  a n d  on

lju an a  on p h a rm a c o k in e tic s  o f  th e  p ro tease  in h ib ito rs .171*
- jn  viewed**
rp sy ch o ac-. y g jH O D S
-annab inofch e x h o d s  t<

m e func-P  , 5 • •
>roduction,k ^  P o p u la tio n
)hage fuse- iT'r< *-'*• -f‘ ■ » • • • • i*. ' t •

m m atory w e re  requ ired  to b e  at least 18 years o ld , have
nd tum or d o c u m e n te d  H IV  in fe c t io n , a n d  b e  on  a  s ta b le  

tier altered -.® tiretioviral treatm ent reg im en  that in c lud ed  e ither 
~tilutar or- j rodinavir (CrixivainV M erck). o r nelfinav ir (VIracept, 

to herpes ^•'gouron) fo r a t least 8 w eeks p rio r  to enro llm ent. U pon 
r i d  m ission  to  th e  San F rancisco  General H ospital Gen- 

CB2, haveE 5^  C linical R esearch  C enter (GCRC) for the  25-day in- 
prefexen-p tria l, sub jec ts  w h o  h ad  been taking the  m ore re­
ed as the]

candy  recom m ended dose o f nelfinavir (1250 mg twice 
daily) w ere  sw itched  to s d ose  of 750 mg three times 
daily  fo r consistency of o u r  pharm acokinetic evalua- 
tions.1* N o add itional p ro tease inh ib ito rs were allowed 
during  th e  duration  o f the  s tudy. Subjects were also re­
qu ired  to  have a stable v iral load , defined as less than a 
threefo ld  (< 0.5 l o g j  change in  HIV RNA level for the 
16 w eeks prior to  enro llm en t. All subjects were re­
qu ired  to  have p rio r experience  sm oking marijuana 
(defined as six or m ore tim es) to  ensure that they knew 
b o w  to inha le  and  w hat neuropsych ia tric  effects to ex- 
pect.-The study w as approved  by the  Comm ittee on Hu­
m an Research of th e  U niversity  of California, San Fran­
cisco, and  signed inform ed consem  w as obtained from 
each partic ip an t before enro llm ent.

E xclusion criteria  inc lud ed  th e  following: any active 
opp o rtu n istic  infection or m alignancy requiring acute 
tren tm ent, un in ten tio na l loss of £  10% of body weight 
du ring  the  prio r 6 m onths, curren t substance depend­
ence, m e th a d o n e  m a in te n a n ce , use of tobacco or 
cannab ino ids (sm oked or oral) w ith in  30 days of enroll­
m ent, h istory  of serious pu lm o nary  disease, pregnancy, 
and  Stage II or h igh er AIDS d em en tia  com plex. Labora­
tory exclusion  criteria w ere as follows: hem atocrit < 
25%  an d  hepatic  transam inase  elevations greater than 
five tim es the  u p p e r lim it of norm al. Therapeutic ex­
c lusions were concurren t u se  of raegestrol acetate, 
n a n d ro lo n e , o x a n d ro lo n e , o x y m eth o lo n e . h um an  
grow th  horm one, tha lidom ide, pentoxifylline, predni­
sone, in te rleuk in -2, chem otherapy, radiotherapy, or 
o ther investigational agents know n to  alter im m une 
system  function w ith in  the  p rio r 8 weeks.

✓
S tudy  M edications

T he N ational Institu te  on D rug A buse (NIDA) provided 
p rero lled m ariju an a  cigarettes, w eighing on overage 0.9 
gm e n d  con tain ing  3.95%  THC. These cigarettes were 
kep t in  a locked and  a la rm ed  freezer until they were 
d isp ensed  to a locked freezer in  th e  GCRC w here the in ­
p a tien t study  was condu c ted . T he m arijuana cigarettes 
requ ired  rehydra tion  overn igh t in a hum idifier. Sub­

jec ts  random ized  to the  sm oked  m arijuana arm  were 
h o u sed  in  a room  w ith  a fan  ventilating to the  outside. 
To m axim ize  s tan d a rd iza tio n  o f inhaled  dose*, re­
search  staff m on ito red  sub jec ts w hile  they followed the 
F o ltin  u n ifo rm  p u f f  p ro c e d u re .50 R esearch  sta ff
■ w eigh ed  th e  m a r iju a n a  c ig a r e t te s  im m e d ia te ly  b efore
a n d  after they w ere adm in iste red  to subjects and  re­
tu rn e d  a ll leftover m ateria l to  the  pharm acy for ulti­
m ate re tu rn  to NIDA. Subjects sm oked u p  to three corn-
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p le te  m ariju an a  cigarette* daily, as tolerated. 1 hour 
p rio r to  m eals. R oxana Laboratories (Colum bus. OH) 
su p p lie d  d ro n ab in o l a n d  m atch ing  placebo capsules.

*• * *
R esearch  D esign  
a n d  P ro c ed u res

Subjects w ere  ran d o m iz ed  in  a double-b lind  m an ner to 
th e  oral reg im en s a n d  received  e ither dronabinol 2.5 
m g o r  p laceb o  o n  th e  sam e  sch ed u le  as th e  subjects 
ran d o m ized  to  sm o k ed  m ariju an a . T he random ized , 
p lacebo-con tro ’.led tria l w as com posed o f tw o in p a ­
tien t phases. T h e  first p h ase  w as a 4-day lead-in  period, 
d u n n g  w h ic h  tim e  sub jec ts w ere adm itted  to the  GCRC 
for m easu rem en t o f  b ase lin e  param eters. A u rine  sam ­
p le  ob ta ined  o n  th e  day o f  adm ission  (day -4 )  was re­
qu ired  to  b e  n eg a tiv e  for THC. T h e  second phase  was a 
21 -day in te rv e n tio n  p e rio d  beg inn ing  w ith  random  as­
signm ent o f trea tm en ts  on  day  0. The subjects w ere 
stratified  by  p ro tease  in h ib ito r (ind inav ir or nelfinavir) 
and  then  a llo ca te d  w ith  equal p ro b  b ility  in blocks o f 
12 to  the  s tu d y  agen ts  (m arijuana, d. jn a b in o l, and  p la ­
cebo). Subjects w ere  not p e rm itte d  to ha ve v isitors or to 
leave th e  c on fin es  o f  the  GCRC un less accom pan ied  by 
research  p e rso n n e l d u rin g  th e  25-day study. All c lin i­
cal laborato ry  tests  and  s tu d y  procedures w ere ob­
tained  or p erfo rm ed  in the  GCRC.

A bso lu te
L ym phocyte C o u n ts

A utom ated  c o m p le te  b lo o d  coun ts  w ith  differential 
w ere p erfo rm ed  in  th e  San  Francisco  G eneral H ospital 
C lin ical. Laboratory, u sing  an  autom ated  hem atology 
an a ly zer (B ayer T echn icon  H3 System , Bayer Corp., 
T a rry to w n , N Y ) a c c o rd in g  to  th e  m a n u fa c tu re r 's  
d irec tions. •* . * \ t  ' "»

Im m u n o p h e n o ty p in g  •. ■ - .................

B aseline sam p les  w ere  co llec ted  on  day  0, a n d  follow- 
u p  sp e c im e n s  w ere  d raw n  o n  days 7, 14, and  21. 
Four-co lo r flow  cy tom etric-im m u nop heno ty p ing  w as 
perfo rm ed  acco rd in g  to  th e  m anufac tu rer’s d irections 
w ith  tfie fo llo w in g  p an e ls  o f antibodies: CD3-Cy5/ 
CD4-PE/CD8-ECD/CD45-FITC-, CD3-ECD/CD1 fl-FITC/ 
C D 56-PE /C D 45-C y5, CD 4-ECD /C D 8^Cy5/CD 38-PE/ 
HLA-DR-FITC, CD4-ECD/CD8-Cy5/CD25-FITC/CD69- 
PE, CD4-ECD/CD8-Cy5/CD45RA-FITC/CD62L-PE (all 
from  B eckm an  C oulter, Inc., Fu llerton , CA). D ata acqu i­

sitio n  a n d  analysis w ere  perform ed using a Beckman 
C oulter EPICS XL flow  cytom eter, runn ing  System II, 
version  3.0.

Q rto k in e  F low  C ytom etry

A cy tok ine  flow  cytom etry  assay w as used lo measure 
the  percen tage o f CD4+ T  cells that are activated Im­
press CD69) and  that a lso  synthesize specific cytokines 
(TN F-a, JFN-y. or IL-2) in  response to stim ulation with 
the  CM V antigen.*’ As a positive control, stimulation 
w as carried  out w ith  th e  superantigen  Stapliylococrvl 
en tero tox in  B (SEB), and  unstim ulated  cultures served 
as negative  controls. Briefly, beparin lzed  blood was in- 
cubatod w ith  an tibody to  CD28 (L293. BD Hiosystcms. 
Ban Jose, CA) alone (negative control), will) SEB (Sigmn. 
St. L o u is , M O ), o r w ith  su c ro se  d en s ity  gradient- 
pu rified  v iru s p repara tions from hum an CMV strain 
AD169-Jnfer.ted h u m a n  foreskin fibroblnst culture* 
(A dvanced  B io technolog ies. Inc., C olum bia. MD) fora 
hours. B refe ld in  A (Sigm a) w as add ed  during the last 3 
hovirs, fo llow ed  by a d d itio n  o f FACS"* lysing solution 
(BD B io sy stem s), c e n tr ifu g a tio n , and  rosuspcnslon 
o f c e lls  in  FACS™  p o rm e ab iliz in g  so lu tion  (BD 
B iosystem s). Cells w ere then  stained w ith monoclonal 
an tibod ies specific for CD4, CD69, and  either TNF-a. 
IFN-y, o r IL-2 and analyzed  by flow cytometry. The fre­
quency o f CD4+ T  cells  stain ing  positive for CD69 and 
fo rth e  in trace llu la r cy tok ine  ofin terest after CMV stim­
u la tion  w as adjusted  by  subtracting the frequency in 
u n s tim u ln ted  sam ples. In p relim inary  experiments, 
co n tro l s t im u la n ts  in c lu d e d  a m ock-infected cell 
ly6ato-ncgative  con tro l preparation  (BioWhittaknr). 
tissue  c u ltu re  m ed ium  includ ing  10% hum an AB se­
rum , a n d  n o  s tim ulation . No significant difference was 
no ted  am ong  these negative controls.

N a tu ra l K ille r Cell F u n c tio n

The cyto ly tic  activ ity  o f  NK cells w as assessed using 
K562 ery th ro leukem ic  target cells.”  K562 cell suspen­
sions w ere labeled w ith  s’Cr for 2 hours at 37°C and 
sup p lem en ted  w ith  R P M I1640 and 10% hum an AB se­
rum . A fter centrifugation, cells were stained with trypan 
b lue  a n d  co u n ted . P erip hera l blood m ononuclear cells 
(PBMC) w ere isolated by  density-gradient centrifugation, 
coun ted , ad ju sted  to  1 x  l0 7cells/m l. and  plated in 
K562 cells a l effectontarget (E:T) ratios of 63 :1 , 12.5:1. 
25:1, 50:1, a n d  100:1. C ultu re  p lates were centrifuged 
and in c u b a ted  at 37°C w ith  5% CO* for 4 hours before 
b e in g  h a rv e s te d  a n d  c o u n te d . B oth  n e t NK cell
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ctETrat
j and per NK cell cytotoxicity were mea- expresaed as percent lysis of target cells at ratio.

nrphopro liberation
pboproliferation w as m easured  u sing  a  standard  

itisted thym idine uptake assay.23 Briefly, PBMC w ere 
•'-abated is  quadrup licate  w ith  phytohem agglu tin in  

A, Sigma), tetanus toxin  (C onnaught Laboratories, 
u .ft water. PA), CMV antigen  (B ioW hittaker), or a pool 
finectrvaled a lloreactive h u m a n  PBMC for 3 to 6 days 

then pu lsed  w ith  1 pCi o f tritia ted  thym idine, 
.nts per m in u te  (cpm ) for each  an tigen  w ere  a ver­

ged and the s tim u la tio n  in d e x  (SI) ca lcu la ted . At 
wst one H IV -uninfected con tro l w as ru n  w eekly 

rughout th e  course o f  th e  study. In  a ll cases in 
. J c h  donor ce ll responses w e re  found  to  b e  negative, 
ositive responses w ere d e te c te d  e ither for th a t donor 
’ b  another an tigen  or for o th e r  d o n o rs  assayed on 

sam e day.

ifctistical A nalysis

a effects o f cannab ino ids on  abso lu te  lym phocyte 
ounta, im m unopheno typ ing  analyses, a n d  im m une 

ponses as m easured  by cy to k in e  flow  cytom etry, NK 
and  lym phopro liferation  assay  w ere ana- 

com parison o f th e  base lin e  (day 0) param eters 
rilh those derived  after c an n ab ’noid  trea tm en t (day 

t M edian values of these  variables for each  arm  at 
•dine are reported , as a re  m ed ian  v a lu es  for each 

m i based on th e  change in  each  variable betw een  day 
’ m d  day 21. Because m any  o f the  baseline  and  change 

iables were not norm ally  d istributed , nonparainetric  
w istical tests w ere perfo rm ed . Kruskal-'W allis tests 
nre  used to identify  sta tis tica lly  significant differ- 

ees betw een  th e  p la c e b o  a rm  a n d  e ac h  o f th e  
uaabinoid a rm s at b ase lin e . K ruskal-W allis tests 

sere a lso  u sed  to  identify  sta tis tica lly  sign ifican t dif- 
oeaoes betw een th e  p laceb o  arm  and  each  of the  

tnabinoid a rm s based  o n  th e  change in  each  variable 
.ween day 0  a n d  day 21.

STILTS

object Characteristics
ly-tw o p a tien ts  com p le ted  the  study. Tw enty pa- 
o ts were ran dom ized  to  sm oke m ariju ana , 22 to  take * • 

bunabinol. a n d  20  to  take p laceb o . Of th e  p atien ts , 55 
re male, 3 w ere  fem ale, a n d  4. w ere m ale-to-fem ale. ’» • • Vir'

■ # eRSUPPlfMENT

V

transgendered . H alf (n = 31) o f the  patien ts  w ere  w h .te . 
12 w ere A frican A m erican , 10 w ere Latino, a n d  9 w ere 
of m ixed o r o th e r e th n id ty . M ore than  h a lf  o f  the  pa­
tien ts (n * 33) w ere betw een the ages of 40  and  4 9 .1 8  
were younger than  40, a n d  11 w ere age 50 or older.

Absolute Lym phocyte* 

and Im m unophenotyping

Figure 1 sh o w s ab so lu te  lym p hocy te  c o u n ts  and  
im m unoph eno ty p ing  resu lts for percen t CD4-* T cells, 
percent CD8+ T  cells, percen t naive  CD4+ T  cells, p e r­
cent naive  CD8+ T  cells, percen t m em ory /effector 
CD4+ T  cells, p ercen t m em ory/effector CD8+ T cells, 
percent CD3-CD19+ B cells, and  percont CD3-CD56+ 
NK cells for all th ree  arm s over the  21 days of the  study. 
T here w ere no  sta tis tica lly  significant d ifferences Ir 
baseline v alues across the  three arm s for any  o f these  
variables. W hen w e looked ot change in these  variables 
betw een day  0 and day 21, we found  on ly  one sta tis ti­
cally significant d ifference w h en  w e com pared  pa­
tien ts in th e  can nab ino id  arm s w ith  those in  th e  pla- 
cebo ’arm . C hanges in absolu te  lym phocyte coun ts 
am ong those in  the  m arijuana arm  w ere significantly  
greater com pared  w ith  changes in the  p lacebo arm  (m e­
dian change = 300 vs. 0 .00 cells/p); p  *= 0.01).

B aseline values w ere significantly  h igher in the 
d ronab ino l arm  com pared  w ith  the  p lacebo arm  for 
fo u r  o t h e r  i m m u n o p h e n o ty p i n g  v a r i a b l e s :  
%CD4+HLA-DR+ cells (m edian = 11.8 vs. 4.5; p  = 
0.03), %CD4+CD30+HLA-DR+ cells (m edian = 9.0 vs. 
4.5; p  ■= 0.04), %CD8+HLA-DR+ cells (m edian = 20.0 
vs. 9.6; p  = 0.01), and  %CD8-i-CD38+HLA-DR+ cells 
(m edian = 13.2 vs. 5.2; p  = 0.01). A lthough baseline  val­
ues w ere also  h igher for each o f these variab les in  the 
m arijuana arm  com pared  w ith the  placebo arm , this 
d if fe re n c e  w a s  s ta t is t ic a l ly  s ig n if ic a n t  o n ly  for 
%CD8+HLA-DR+ cells (m edian = 13.0 vs. 9.3; p »
0.03).

W hen w e looked at change betw een day  0 a n d  day 
21, w e  observed  significant negative changes in  tbe  
d ronab ino l arm  com pared  to the  p lacebo  arm  for two 
v a ria b le s : % C D 8+C D 38+H LA -D R + c e lls  (m e d ia n  
change »■* -3 .5 0  vs. 0.05; p  = 0.001) and  %CD8+CD69+ 
cells (m edian  change = -0 .3 0  vs. 0.05; p  = 0.04). A n  ad ­
d itional negative change, w hich  approached  statistical 
significance, w as seen  in  %CD4+CD38+HLA-DR+ cells 
(m edian c h a n g e 's  -1 .2 0  vs. -0 .2 5 ; p  = 0.06). However, 
tw o o f  these  three  variables. %CD8+CD38+HLA-DR+ 
a n d  % C D 4+C D 38+H L A -D R + , w e re  s ig n if ic a n tly  
h igher in  th e  dronab ino l /a n n  com pared  w ith  the  p la ­
cebo arm  at day 0. Therefore, th e  po ten tia l confound ing
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assay) techniques dem onstrated decreased interleukin-6 
but increased  T N F -a  levels in  a m ouse m acrophage 
system.**

M any o f  the  reported  stud ies of the im m un e  effects 
o f cannab ino ids have been  conducted  in  cell cu ltu re  
system s o r an im al m odels. H um an studies have eva lu ­
ated im m une function  in  chron ic  m arijuana sm okers. 
To date, there  hav e  been no  prospective clin ical tria ls 
investigating the  im m u n e  effects o f sm oked m arijuana 
in patien ts w ith  HIV infection . R etrospective analyses 
from the  M ulticen ter AIDS C ohort S tudy evaluating 
outcom es in 1662 seropositive  users of psychoactive 
drugs found tha t no ne  o f  th e  drugs used  by partic ip an ts  
was associated w ith enhan ced  c lin ical or im m unolog ic  
expression o f H IV  infection. *° O f note, use o f m arijuana 
in the p reced ing  2 years w as re j o rted  by 89%  of th e  se­
ropositive m en  in  the  cohort. T h is was consisten t w ith  
findings from a p rev ious observation from the  San 
Francisco G eneral H ospital experience .”  A 6tudy o f in ­
travenous dr ug users w ith  H IV  infection determ ined  
that smoking of drugs su ch  as m arijuana w as associated 
w ith an increased  risk  o f bacterial pneum onia , a l­
though there w ere o ther confound ing  associations.”

In sum , th is  study  revealed no  evidence o f  d e trim en ­
tal effects o f can n ab in o id s  on any of the im m une p a ­
ram eters m easured . O ur conclusions are lim ited  by th e  
short (21-day) d u ra tion  of th is study. In add ition , the  
lack of a b lin ded  control g roup  for the  sm oked m ari­
juana arm  co u ld  lead  to b ias in  in terpre ting  som e o f th e  
results o f the m ain  s tu dy  (e.g., w eight changes). H ow ­
ever. it is d ifficu lt to a ttribu te  HIV-1 RNA a n d  lym p h o ­
cyte subset effects to any  su ch  po tential bias. We chose 
not to inc lud e  a sm oked placebo group because we 
thought it w o u ld  be  im possib le  to b lin d  m arijuana in  
subjects w ith  p rio r  experience. The d isparate  resu lts on  
the effects o f TH C on the  im m une system  from  prio r 
studies m ay be related  to differences in  s tudy  p o p u la ­
tions, drug com position , d rug  concentration , or assay 
conditions. A key  q uestion  n o w  w ill be w hether m ari­
juana exerts s ign ifican t im m un e  effects w hen  a d m in is­
tered over longer p erio d s o f time.

We ere grateful to the research mining and diatary Staff e! the SFCH GCRC for the professionalism and companion wilh which they conducted the trial. We Appreciate the efforts of the SFGH inpa­tient research pharmacy stuff. We iirv deeply Indebted to our cnnvnul- ted study participants, Thanks to Koxouo Laboratories for the dronabinol and placebo capsulur.
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Non-acute (residual) neurocognitive effects o f cannabis 
use: A meta-analytic study
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Abstract

The possible medicinal use o f cannabinoida for chronic disease! emphasizes the seed to aodentand the long-term 
effects o f thoaa compounds on the central nervous system. We provide a quantitative synthesis of empiric*] research pnrtriniog u> tbe Don-acute (residual) effect* of cannthis on the neurooognirivn performance of adult human iobyecfcj Out o f 1 ,014 studies retrieved using a thorough search strategy, only 1 1  studies met essential a priori inrlneioc  criteria, providing data for a total o f  623 cannabis users and 409 noo- or minimal users. 
Neuropsychological results were grouped into 8 ability domains, and effect turn wete calculated by domain for 
each study individually, and combined for the full set o f studies. Using slightly liberalized criteria, ad additional 
four studies were included in a second analysis, bringing the total number o f autycts to 1,188  (U „  704 cannabis 
users and 484 noa-uaen). With the exception o f both the learning and forgetting domains, effect size confidence 
intervals for the rerosismg 6 domains included zero, suggesting a lack o f  effect. Few studies on tbe non-acute 
neurocognitive effects o f  cannabis meet current research standards; nevertheless, our results indicate that there 
might be decrements in tbe ability to lean  and remember new information in chronic users, whereas other cognitive 
abilities are unaffected. However, ftom a neurocognitive standpoint, tbe small magnitude o f these effect sizes suggests that if cannabis compounds are found to have therapeutic value, they may have an acceptable margin of saiety under the more limited conditions o f exposure that would likely obtain in a medical setting.
(JINS, 2003, 9, 679-689.)

Keyword*; Cannabis, Cannabinoids, Marijuana. THC, Cognitive effects, Neuropsychology, Meta-analysis

IN TR O D U C TIO N
Recent developments in the scientific and public sectors 
have reawakened the possibility (hat cannabis compounds 
or their synthetic analogues may be proposed as treatments 
for severe! medical conditions. At tbe research level, tbe 
discovery of the first cannabinoid receptor (CBLj in 1986. 
and a second receptor (CB2) in 1992. paved the way to the 
identification of cndocaonabinoid-signaliog molecules in-

Dr Erin D. Bigler served as action editor during tbe course ot this review.Reprint requests to: Igor Orant, M.D., University of California. Center for Motid nal Cannabis Research, 150 West Washington Street, Second Floor. S u  Diego, CA92103. E-mail, igraot9acsd.edu

eluding anandamide and glyceryl -anandamide (Dcvane et aL, 
1992; Hericenham, 1992; Hericenham et aL. 19f Howlett 
et al., 1990; Matsada et al., 1990; Munro et 1993; 
Pertwee, 1993. 1997).

Tbe CB receptor system is widely distributed on tbe body, 
with CB1 primarily localized in tbe central nervous system. 
The highest concentrations are found in deep brain struc­
tures and tbe cerebellum (Childers & Brcivogel, 1998; 
Herkeehnm ot id., 1991m 1991b)- Rocnptors are also found 
in other organ systems including tbe uterus, pancreas, and 
testes (Pertwee, 1997). The CB2 receptor appear* to be 
primarily localized is tbe spleen and immune cells (Kamin­

ski et *1., 1992). Although the biological functions of tbe
cndocannaoinoid system remain unclear at this time, it is
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Ukaly that the C B 1 receptor system Li important in a num- 
bet of netDobahtvionl event*, including dampening of 
neuro-excitability (Sanudo-Pena f t  Walker, 1997), and par- 
hap* in tbe initiation and maintenance of complex feeding 
behav ton, including suckling (Fride et al.. 2001; Hao et al., 
2000).

from the public health standpoint, there have been in­
creasing anecdotal and limited scientific observations to 
suggest that cannabinoids may have utility in the manage­
ment of severe pain, especially neuropathic pain (Noyes 
et al., 1975), nuucolar spasticity, tremor in conditions such 
as multiple sclerosis (Baker et al., 2000, 2001). and im­
proved appetite and weight gaia in pariemt with chronic 
Inanition (Gorter et aL. 1992; Nelson et aL. 1994; Plasse 
et al.. 1991). The possibility that cannabis might have a 
benefit in cooditi joa such at AIDS or diabetic nerropathy, 
muscle spasm in multiple sclerosis, and severe weight lots, 
nausea, and vomiting related to cancer and its treatments, 
has bean ratted and reviewed in come detail by recent ex­
pert panels, including the NIH Expert Panel Report (U.S. 
National Institute of Health, 1997) and by tbe Institute of 
Medicine (I'Ji. >),

These developments have converged with an increasing
kooc lb«r m rnwhi i  aught be bo«otici«l ca w w  pa

ticnts with severe chronic illnesses, and therefore should be
UUulc cvjuljblc lo ilccui. E iU uka of tW  uov froci)
the passing of initiative laws seeking to facilitate access to 
cannabis by medical patients in nine states in tbe United 
States. Therefore, it seems reasonable to expect that the 
convergence of scientific evidence and public pressure may 
ret ok in increasing use of cannabia products by patients 
with certain severe chronic illnesses in the future. If this 
were to happen, it would naturally raise tbe concern that 
cannabis may have certain long-term undesirable effects, 
particularly with respect to tbe central nervous system- A l­
though the acute neurobehavioral effects of cannabis intox­
ication have been characterized and reviewed in some detail 
(e.g., Solowij, 1998), the very long-term effects of cannahii 
on brain function are not well understood. In order so assett 
tbe state of current knowledge on persisting CNS conse­
quence! of cannabis use, we have performed a meta­
analysis of tbe existing literature on neuropsychological 
evaluation of persons who have been exposed to regular, 
long-term use of cannabis. Previous Reviews have provided 
excellent summaries of investigations on (his topic and their 
findings (Grant ft  Mohns, 1975; Pope et al., 1995; Solowij,
1998). In order to avoid duplication of previous efforts and 
provide new information, we have approached tint task with 
a view of arriving at a quantitative, tinutte of tbe potential 
effects of long-term cannabis consumption on various n euro- 
cognitive functions, in this way. we have attempted to esti­
mate effect sizes for each of eight neurocognitive domains, 
as well as a global indicator of overall nenrocognitive func­
tioning as it relates to history of cannabis consumption. 
Tbut, the overall objective of this study was to provide a 
quantitative synthesis of the research investigating the non 
acute (residual) effects of cannabis use on the ncunxogni-

680 I. Gram et ml.

tire performance of long-term users. Readers interested 
in more detailed descriptions of studies on this topic are 
eaoonraged to e* amine the aforemc -itioocd reviews. In ad­
dition. we have recently published a companion paper (Gcth 
zalaz ot al„ 2002) that qualitatively examines the research 
methodologies of anuhet included in (hit mera-analysis

METHODS 
Literature Search and Study Identification Strategy
Two of the investigators (RG and CC) conducted indepen­
dent literature searches through several online databases, 
including Medllne/HealthSTAR. Psyehlnfo, BioSys. Cur­
rent Contents. Dissertation Abstracts International. Article 
First. Eric, Science Citation Index Expanded, and Social 
Science Citation Index. The key words used were (marijua­
na or marihuana or tetra-hydrocanpabinol or THC or can­
nabis) with the Boolean operator “and” connecting (ocun>* 
or cognitive or assessment or ability or effects or processes 
Or impairment or cognition or drug effects). Boufcen oper­
ator! were slightly modified and tailored to each database, 
ta artier lo comply with spectnc aatsna&c guioctiina uuU u» 
ensure a valid search The search criteria were liberal, pur­
posely so, in order to avoid missing any potentially relevant 
citations. The results of the two independent searches are 
presented in Figure 1. Tbe first investigator identified 824 
citations (Data Set A) and tbe second investigator identi­
fied 1,006 citations (Dau Set B). After a consensus meet­
ing, both databases were combined, and the investigators 
agreed that there were 1,014 unique citations.

Tbe two investigator' then Independently rated each ci­
tation by title and abstract (if available) and classified these 
references into one of four relevance categories: CORE, 
REVIEW. UNKNOWN, and NOT RELEVANT. An article

Fig. I .  Literature search process.
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* w  cMetomed as CORB if. based ca title and abstract the 
study wts highly likely to contain information relevant to 
the qocstiou o f persisting. oca-acute effects of cannabis 
exposure on nearocogmdvc functioning. Aa article was iden­
tified as REVIEW if  the title or abstract Imftcated it was a 
literature review or an editorial. An UNKNOWN daaiifi- 
catioa w u given to an article if  there area insufficient in­
formation based on an cxaminaboe of tbe title or abstract 
to confidently place k in one of the other categories. An 
article was categorised aa NOT RELEVANT if  k ares clear 
from the title or abstract that it did not address tbe question 
of long-term, non-acute effects of cannabis on ncurocogni- 
tive functioning.

Once these independent classifications were achieved, 
the two investigators had a second set of meetings to arrive 
at a consensus classification, resolving the status of tbe 
small number of articles upon which their original classifi­
cation did not agree (seven articles). Figure 1 shows the 
tenths of this process. From 1,014 articles, 897 ankles 
were Cl' 'tided as not relevant. ThbW 1 provides a summary 
of the major topics represented by articles deemed NOT 
RELEVANT. The majority of articles were excluded be­
cause they either did not deal with human subjects, or they 
involved studies of children and adolescents who were pre­
natally exposed or whose exposure to cannabis was aot suf­
ficient in duration to expiate long-term persisting effects. 
Another large group of studies concerned psychiatric and other 
behavioral issues but not neurocognitive functioning per ie. 

After excluding the 33 review articles, the remaining 84 
articles originally classified as CORB and UNKNOWN wsre 
examined in dcafi. Prom these, 38 were ultimately selected 
far coding as they met tbe inchisioo criteria for this analysis 
as outlined below. The 38 included 35 of tbe 48 articles 
arigiaaUy classified as CORE. Throe additional studies, orig­
inally classified as UNKNOWN, were added after being 
reclassified as CORB upon thorough examination of the 
complete manuscript 

Before tbe literature search began, the authors identified a 
set of criteria that a study .'boaId have met in order to ade­
quately answer tbe principal research question: ‘Is  regular, 
long-term use of cannabis associated with non-acute (resid­
ual) neurocognitive dysfunction, suggestive of bnio in­
jury?" The criteria, presented in Ihblo 2, emphasized tbe 
necessity of including an appropriate control group (i.e., non- 
drug using or very tightly drug using), indicating that sub-

E ffectt e j ram ati) m g ta-a no fytu

Thhle 1 .  Classification o f non-relcvant studies omitted after initial search (« — 897)
Nturohlo logy/Pharmaoology/Animal » 314 
toychiitric/Pxychoioglcal/Preveation » 231 
Prenatal /Infant /Children/Adolescents •  155 Neorok>gk»l/Utt!bcal/Nccroimaging •* 89 Acute cannabis use or misc. exclusions “  66 
Polydrog/Othcr dings = 24
Completely irrelevant -  18

881

Table X  Original md ation criteria for rfudms entering 
meta-snalytis

1. Indudes a group o f  r ■ rs A ll only* asm
2. Includes m appropriate courroi poop (I.e.. uou drug-using or 

very limited rannsbit use) ’
3. Provides suffickiw tafomatios lo calculate effect sine
4. Outcome m m u  iac lude  v a lid  m uropaycbo lo p c a l k m
3. Caanabu ru in g  p n g  is dreg-free oa day o f acm upeycho lo fica ] 

tearing
6 S tudy addressca other potentia l su b sa n c c  use in  caanab is group
7. Study addrcsoc* potential tuttory of neurological or psychiatric 

problems
8. Study reporrs length efabatincuorfiotecaoaabia before teatlag

jects were drug free (Le., not acutely intoxicated) at tbe time 
of evaluation, addressing potential confounds (e.g.. history 
of heavy use of other substances, presence of other neuro­
logical oondkions or traumatic brain injury, psychiatric con­
founds, other ncuromedical risks), providing information 
on cannabis abstinence, end collecting data of sufficient 
detail lo calculate effect sizes for each test administered.

Wc were surprised to discover that only nine studies ul­
timately met all original inclusion criteria. In a companion 
review paper (Gonzalez et aL, 2002) we provide a more 
thorough analysis of the methodological limitations that af­
fected many of the studies that we examined. 7b the nine 
studies that met all original inclusion criteria, two addi­
tional studies were added. One of these studies was brought 
to tbe authors' attention during a conference on cannabis 
organized by the National Institute on Drug Abase oa Au­
gust 13-14. 2001 in Rockville. Maryland. This article by 
Pope ct al. (2001), in press al tbe time our analyses were 
being conducted, met all of tbe inclusion criteria, and was 
therefore added lo the original mets-analysis of tbe nine 
Studies. Tbe other manuscript added lo our original meta- 
analysis was authored hy Solowij et al. (2002) and was 
published while this manuscript was under review. Because 
this study met all of our original inchisioo criteria, we felt 
Our analyse* would be incomplete without its inclusioo. 
These 11 articles are briefly summarized in Table 3a. Tbe 
noeta-analytU of the 11 studies that met all original inclu­
sion criteria involved data from 1.032 (objects, of whom 
623 were regular, moderate, or heavy c anna bit users and 
409 were either noo-users or persons whose exposure to 
cannabis was extremely limited.

In order to ensure that we were not rejecting potentially 
informative studies, we reexamined tbe 38 coded studies 
with a slightly relaxed set of criteria. We chose to accept a 
study if h violated no more than one of our a priori inclu­
sion criteria (Table 2), as long as neither of two absolutely 
essentia] criteria were violated; that is, the stud;’ had to 
have an appropriate non-cannabis using (or extremely lim­
ited cannabis using) contrast group, and it bad to have enough 
detail in tbe presentation of results to permit computation 
of effect size*. For example, an often cited investigation by
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Table 3*. Descnpooo of original 11 studies

Study
Usm Control
(«) («)

Frequency or amount 
of use

Duration of use
(y*»)

Length of 
abstinence

(hr)
Cognitive domaint

&&5€S8C#ie

'Block ft Obooeim (1993) 144 72 1 to 7+ times/wk 5.8 ( if )  4.1 (Sri) fc24 AE.UPM.SRT

*Cartin ft Trepis (1977) 10 10 NR 5 (AO n*»e 2 3 -* 2:24 A. AB, U M. PM. V

’Croft et al. (2001) 11 31 lifetime toimr
5309J  (M) 65173 (SD)

NR 663 (AO
42-4 (SD)

A .A E .F.U M .V

‘ Ehreareich et ah (1999) 99 49 wk is tssr 6 mo;
33 dy»/wk (V ) 1.9 (S2»

4.2 (AO 3.4 (Sri)
•*

29 J  (AO
295 (SD)

A.SRT

’Goeutoolls-Mayfiraak «t aL 
(2000)

21 28 20.9 dyt/mo 114) 
10.2 (Sri)

Z9 (AO 2.0 (SD) 96 (Af)
372 (SD)

A, AB, P, U  PM. srr. V

*HsmO (1996) 19 19 NR NR 2336 F.L

7Pope A Yorgelun-Tbdd .
(1996)

63 64 222 days of the put 30 days 22 2:19 A, AE, P. U v

*Pope et sL (2001) 63 72 2-5000 lifetime episodes 
a7 times/week

2:13 yean *472 A, AB. F. U PM. V

’RodgciS (2000) 13 13 4 dya/wk (M) 11<A0 2:720 A, P, U SRT

'°Sok»wiJ (1995) 60 16 133 dys/mo (AO 10 (SD) 7J(AO S.l(Sri) 2:1008 A, SET

"Solowij etsL (2002) 102 33 mediae: 2 joints/dey 
27.9 dys/mo in past 14 wfca

17.1 (AO 7.9 (SD) 17 (median) a .a e . f. u p m , v

Note. Numeric sopencrtp tl refer «o the <Uu pm w ucd in Hpwe* 2A Md UL
•A ftndy miy  have -«n e tte d "  a gjvea donate, bid their d M  may aot hew  beca included a  o a  an ilyw a i f  if was preaenKd in a format that was 
iooomiMcibU with enr n c tk x b  fof c t lc u lltk w i.
A . Aitvodoa; AB, Abanacaoo/Bxscttrvc; F, ForjeJtini/BetrlevU : L. L c n ia f .  M , M o w . PM. Perceptual Motor, SRT, Simple Reaction Time. 
V, Vettal/1 a a in a y . N K  not reported.

Fletcher and colleagues (1996), which examined the cogni­
tive correlates o f long-term cannabis use in Coata Rican 
men, did not meet tbe latter criterion and was therefore 
excluded. In addition, a study was also included if  criterion 
Hems #5 and #8 (see Table 2) were the only two criteria not 
met. This decision was made based on tbe interdependence 
of these two items (i.c_ studies that did not quantify length 
of abstinence from cannabis, also did not confirm if  sub­
jects were drug-free at time of testing).

As a result of rc-inspecting the 38 ‘todies, an additional 
four studies met tbe revised criteria necessary for inclusion. 
These particular studies were initially excluded due to the 
lack of abstinence information in all but one instance. Nev­
ertheless. based on the totality o f tbe study design, it ap­
peared unlikely that tbe authors included acutely intoxicated 
individuals in their analyses. Thus, this expanded meta- 
analysis based on 15 studies (the 11 original phis the four 
added) now included 1,188 subjects (Lc„ 484 controls and 
704 cannabis users). In terms of the meta-analytic method­
ology, the analysis of the 15 studies was identical in all 
respects to that o f the original 11 studies described above. 
A brief description o f tbe foot additional studies is provided 
in Table 3b. along with the original inclusion criteria that 
were not met.

Statistical M ethodology

Using the techniques described by Hodges m d ODdn (1985) 
to combine continuous outcome measures, a standardized 
mean difference (effect size) d, and its variance were cal­
culated for each neuropsychological test that was adminis­
tered within each of the 11 studies. In particular, d =• (Af, — 
Ktm)/S, where U , and Me were the mean scores on a neuro­
psychological test for the cannabis using snd control gimps 
respectively and S was the standard deviation for tbe pooled 
sample. The expression for variance (t»), i i r a (r , +  nc)/ 
(n,ne) + dV(2(n. +  «<)), with n, and representing the 
sample sizes for tbe cannabis users and controls, respec­
tively. Then, within each of tbe studies, the individual ef­
fect sizes were linearly combined by sublets into one of 
eight neurocognitive ability domains. Thus, if  d it d1 ...d k 
represensed the effect sizes for k tests from a particular 
study all deemed to measure tbe same neurocognitive abil­
ity. a pooled estimate Id'), d ' = 2(w ,d,), was obtained. Tbe 
decision to group individual tests into domains was neces­
sary due to the lack of overlap between tests across studies. 
We acknowledge that individual neuropsychological tests 

assess multiple cognitive abilities; nevertheless, each test 
was assigned to the cognitive domain it was determined to
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n b k  3k. Study characteristics fat four sridjtiotuJ uudies

Effect* c f  cannabi* meto-analysis 613

Srudy Users
(a)

Control
(»)

Frequency or amount 
of use

Duration o f use 
(years)

Coftnrtv*
domains
sssrned*

Cognitiveimpairment Criteria 
concluded? not met?

1 *D»tf et aL (1993) IS 10 1.1 gm/dy (U ) 0.5 (SD) 7J (M ) 12 (3D) A No 5.«
“ Grate et aL (1973) 29 29 3 thaesAno (median) 4 (median) A A E.L, PM No 3.1
MRoehfesd et aL (1977) 26 ' 23 NR 3.7(10 L.PM No - 3 . 1
l i 'M *A Yw *a(197n ' 1 1 1 1 NR NR A  AB, F, L  PM Yea: memory. 6

rnoceaoarine

Not*. N aa m ic  
■A

A.
tS n lM il

v  He tfcc 4tU* ftmmcdad in Rfwraa 2A 2fi
• ()*«■ domain. but M r  d iu  M y  not have been ladod rd  ta ow  aaoty iw  I f  • * «  p n m r d  ta a form* tfcta 
for d f c u  u r  c tlco ladM i. \P. H0tje«t«|/VUtrirv»l: L  Learning; PM, Perceptual Motor. NRJnoi reported

beat assess. These domain* were simple reaction time, at­
tention (e.g., W AIS-R Digit Span, Digit Vigilance), verbal/ 
language (e.g., W AIS-R Vocabulary, Verbal Fluency), 
abstraction/executive functioning (e.g., Wisconsin Card 
Sorting Tfcst, Raven’s Progressive Matrices), perceptual mo­
tor (e.g., W AIS-R Block Design, WAIS-R Object Assem­
bly). simple motor (e.g„ Grooved Pegboard. Finger IhppingX 
learning (e.g., California Verbal Learning Teat-Learning D i­
als. Rcy Auditory Verbal Learning Test-Leaming Trials), 
and forgetting/retrieval (e.g., California Verbal Learning 
Test-Delayed Recall, Rcy Auditory Verbal Learning Test 
Delayed Recall). As different tests measuring the same ncvro- 
cognitivc domain would be expected to be correlated, tbe 
method prescribed by Hedges and ODdn (1985; Chapter 
10) was adopted, whereby, tbe vector of weights (W|, -.. w») 
above was chosen to be proportional to the inverse of tbe 
covariance matrix o f tbe vector (d „ djt ...dk), thus reflect­
ing the dependence between the tests. We assumed a corre­
lation of .7 between any two tests that were purported to 
measure tbe same neurocognitive domain. Tbe assumption 
of this value bad to be made because we did not have indi­
vidual test results for each subject from each study. How­
ever. bated on extensive experience in tbe oonducu of 
neuropsychological studies employing comprehensive neuro­
psychological teat bennies with many thousands of sub­
jects over tbe yearr (Grant, et al., 1978, 1979, 1982, 1987: 
Heaton ctaL, 1981,1991,1995), it baa been our experience 
that tests grouped into a particular domain share about 5096 
of common variance, witb a range o f 30% to 70%. Using a 
correlation of .7 ensures a conservative estimate of the vari­
ance of the pooled effect size.

A heterogeneity statistic, Q, was calculated in order to 
assess whether tbe effect sizes that were pooled w ith in  each 
study could in fact be said to be measnring the same under-
V*“»  — r —-.. . _______
nitive domain. In a few instances, this exploration indicated 
a large amount of heterogeneity between tests within a given 

domain. suggesting that a test may have been incorrectly 
assigned to a particular domain or would better fit classifi­

cation under a different cognitive domain. In these cases, 
tbe test* within a domain were reexamined, and redistrib­
uted to another Dcurocognitivc domain if  deemed appropri­
ate baaed on logical grounds and previous experience (e.g., 
i  computer-misted test which was assigned to the domain 
of learning a priori, better fit the attention domain).

A  fixed effects model was used in our computations. Our 
choice o f using fixed effects rather than random effects, 
was guided by tbe judgment that in investigating the poten­
tial toxic effects of a substance such as cannabis, it was 
important to be more “permissive" raihcr than ’•conserva­
tive'' in our modeling of the information doe to the likeli­
hood of heterogeneity in data across studies. If  a subtle 
signal were present in a heterogeneous data field, it would 
be more readily detected using a fixed effects model. Thus, 
the fixed effects approach was expected to produce some­
what smaller confidence intervals around the effect sizes 
than would a random effects model, thus increasing the 
likelihood of detecting a cannabis effect.

The above analysis yielded for each study a vector of 
effect sizes with variances for each of tbe neuroccognitive 
domains (with the possibility of missing values if  tbe study 
in question did not measure a particular neuropsychological 
domain). Effect sizet were again linearly combined (with 
weights inversely proportional to tbe variance) across 
studies lo obtain an overall effect size and a variance for each 
domain. An across study heterogeneity statistic Q was also 
computed for each domain. Finally, an overall or global 
neurocognitive effect size and its variance were computed 
by pooling the effect sixes across domains. The methodol­
ogy for this final combination mirrored the methods de­
scribed above for the within study pooling. As it might be 
expected that scores on tests corresponding to different neuro­
psychological domains migbi be (weakly) correlated. u>e cor-

, B .  «   . 4  . .  U .  O
Again, this estimate was b*--d on tbe authors* experience of 
tbe likely correlation of tesu from separate domains. Be­

cause the overall determination of tbe association between 
cannabis use and neuropsychological impairment was based
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oo alarge number of ten scores Beaming eight different 
neuropsychological domains, 99% ooofidam  interval* were 
calculated lo allow adjustment for multiple comparisons.

RESULTS
Tbe effect sizes for each neurocognitive domain from each 
stndy an presented in Hgurrs 2a and 2b. The effect sizes 
for each domain acrosj tbe 11 original studies ranged from 
+ .0086 for tha perceptual motor domain, to -  .28 for tbe 
verbal/language domain. In most instances, (he 99% con­
fidence interval surrounding tbe mean effect Size for each 
domain Included zero; therefore, the poasfcility that tbe ef­
fect size observed arts indeed zero could not be discounted 
However, in (be case of tbe learning [-.21 99% G (-3 9 . 
-.022)] and forgetting [-.2 7  99% Q  (-.4 9 . -  044)] do­
mains tbe average effect sizes were found to be significant, 
albeit of small magnitudes. Comparable results were ob­
tained when all 15 studies were considered.

Tbe global measure of neurocognitive performance was 
determined through a Unear combination of effect sizes 
across all domains. Data from the ] 1 studies included under 
tbe origins] criteria indicated an average effect size o f-.1 5  
99% Q (-.2 9 . -.019) on the global measure of neurocog- 
oitive performance. When all 15 studies were considered, 
the avcxage global neurocognitive effect size was —.1699% 
C l ( -  .29. —.033). Thus, tbe results of both sets of analyses 
suggest a small detrimental cannabis effect on overall neuro- 
cognitive performance.

Inspecting tbe effect sizes for oeurooognltive domains by 
study, we noted that one study examining users in India 
(class-IV caste) o f bhang and charas appeared to be a dis­
tant outlier. Due to the fact that this stndy was based on a 
population very unlike that of other studies in our pool, we 
repeated the analysis omitting this study from the pool. 
Eliminating this study bad a negligible influence on effect 
sizes, bn  did reduce heterogeneity so that none of the 
domain-specific Q  statistics were statistically significant. 
Table 4 preset,is die values of Q for each domain across 
studies, as well as observed effect sizes, both before and 
after the removal of the outlier study.

M eta-R egression

Tb determine whether several study and subject character­
istics influenced the observed effect sizes, we performed s

Effrcvs of cannabis mcta malyjis
RECSDEDJAM U

set of univariate regresskus Them analyses were limited 
in four of the eight domains (Ktcotkm, abaracooo/executive 
functioning, perceptual motor, aad learning) that contatnod 
data from a sufficient somber of studies. Variables ind arirri 
whether tbe caimahis-usipg and control groups were ade­
quately m*»ch#vt with regard to education or intelligence, as 
well as the extent to which cannabis users and controls 
were excluded due to other significant drag use. Further­
more, with respect to caanabit aamg subjects, variables of 
interest included whether Individuals were ascertained to 
bo abstinent from cannabis for at least 24 hr at time of 
testing, and thd r duration of cannabis use. Because of the 
possibility that sex and yean of education might moderate 
ncurocognruvc performance in the cannabis group, these 
variables were also examined, For each of tbe univariate 
incts-regressions, yean of cannabis use, percent female in 
the cannabis group, and years of education in the cannabis 
group, were coded as continuous variables. Dicbotomous 
variables were used to represent whether subjects were 
known lo be abstinert from cannabis for 24 hr, were ex­
cluded for other significant drug use, and were matched 
with the control group on education and/or IQ. Tbe meta- 
regression results indicated that none of the examined co­
variates significantly moderated tbe effect size in any of the 
regressions.

D ISC U SSIO N

Tbe results of our meta*analytic study failed to reveal a 
substantial, systematic effect of long-term, regular canna­
bis coot umptioo oo tbe neurocognitive functioning of users 
who were not acutely intoxicated. For six of the eight neuro­
cognitive ability areas that were surveyed, the confidence 
intervals for the average effect sizes across studies over­
lapped zero in each Instance, indicating that the effect size 
coaid not be distinguished from zero. The two exceptions 
were in the domains of learning sod forgetting. Here when 
we averaged across (he 11 studies that bad tbe most rigor­
ous inclusion/exclusion criteria and the best designs, the 
effect size for learning was -.2 1  99%C1 (-.39, -.022) 
indicating a very small but discernible negative effect This 
effect was slightly larger when all 15 studies were included 
[ -3 4  99%CI (—.41, -.064)]. Similarly, in the domain of 
fotgetting (i'-uhne to recall or recognize) tbe average effect 
size was -.2 7  99%C1 (-.49. -.044), again suggesting a 
very small but measurable decrement

Fig. 2a A 2b. Effect size* far each ocurocogmtm domain. Effect sizes derived from the 11 studies indixfed under tbe 
original act of criteria arc depicted with solid triangle* rat kmg-dnsbed confident intervals: data for the fomr studies 
added under the relaxed criteria are displayed with solid squares and small-dashed confidence intervals effect 
size and confidence interval is shown with a number that reference* the study as presented ia Table 3a and 3b. The 
average effect sizes across studies for each domain, ue presented at tbe base of ear* of the specific dntnsin reined
figures. A negative effect size represents poorer perfonnaoce by the cannabis using groups. “Avenge 11" refen to ihe
average effect tile of the studies Included under the original criteria; "Average 15" presents effect sizes for the entire 
set of studies.
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These results can be Interpreted ia several way*. A sta­
tistically reliable negative effect w u  observed in tbe do- 
maia of learning and forgetting. suggesting that chronic 
long-term camubis use results in a selective memory de- 
lea. While the results are compatible with H>i« cooclusioc. 
the effect sixc for both domains was of a very small mag­
nitude. The “teal life*' impact of such a «™n « mI selective 
effca is questionable. In additioa, it is important to note 
thM most users across studies bad histories of heavy long­
term cannabis coruumptiou. Therefore, these findings an 
not likely to generalize to more limited administration of 
cannabis compounds, as would be seen in a medical setting.

Some of the studies included in our analyses tested can­
nabis users with less than 74 hr of abstinence, and others 
reported no information on abstinence at a ll As a result, 
another factor that may have contributed to the small ten­
dency towards worse performance in tbe cannabis-os in f 
groap might be anribmabto to what Pope a  aL have called 
"residual effects." In a recent study by Pope et a l (2001). 
three groups of subjects woe repeatedly examined over a 
period of 28 days. They included p group of current heavy 
caanabil users, a group of persons who had heavy histories 
of past cannabis use but bad not used in the recent past, and 
a group of controls who had very limited experience with 
cannabis. The active cannabis users were tested on Days 
zero. 1. 7, and 28 after ceasing active canoabu use. Absti­
nence was confirmed through regular urinalysis, which de­
tected declining concentrations of THC in the urines of tha 
active users, demonstrated ‘bar all had undetectable 
THC levels by 28 day*. Pope and colleagues noted subtle 
impairments oo several neurocognitive teats in tbe active
i-?pn»hii users who had jn it become abstinent. However, 
by 28 days, tbe active cannabis user* who had abstained for 
almost a mr»nrt» were iwriiaringnifV»*d* from former heavy 
users or non-using controls. Pope el al. suggested that tbe

subtle cognitive impairments observed ia tbe active users 
during the first week of cessation might represent residua] 
effects (i.et, effects of persisting low levels of THC in the 
system), abstinence phenomena, or both. The Pope es al. 
data have direct relevance oo tbe tatcipremioo of results 
obtained in this study, la nearly all iastanm. heavier can­
nabis users were asked to abstain tor a period o f hours or 
days before testing. Therefore, many of them could have 
been at risk for "residual effects" or "abstinence phenom­
ena," which might have contributed to slight decrements in 
their performance. Given this likelihood, it is even more 
surprising that our roetn-analytic study revealed so few 
affects.

In interpreting the results of this mas-analytic study, sev­
eral caveats need to be coosiderc ’ Pint, many of tbe atud- 
ioa examined bad significant limitations. For example, several 
studies had small number* of subjects, reducing our confi­
dence in the individual study’s resmu and creating con­
cerns about general liability. Second, many studies had 
insufficient information about potential confounding fac­
tors. These factors included recency of last cannabis expo­
sure, extent of exposure to other drugs of abuse, presence 
of confounding neuropsychiatric factors (e.g., depression, 
anxiety, personality disorders, etc.), or other neuromedical 
risks that can independently affect brain function. As an 
example, the most recent study by Solowij a  a l (2002) 
focused oa patients receiving treatment for cannabis depen­
dence, and (he controls were non-patients. This study found 
negative effects on memory. Aa unanswered question if  
whether tbe cannabis users in that study, being persons who 
sought or were referred to treatment, might consist of a 
highly selected group that either were experiencing canna­
bis related cognitive problems, or who had such difficulties 
as a function of comorbid psychiatric disorders. No data 
were presented on mood disorders, which can contribute
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both to m htk memory difficulties and for treat-
n o t  seeking. la this particular study, tbe long term using 
group was, on avenge, g yean older (baa tbe controls. A l­
though tbs author* attempted to adjust for age io some of 
their analytes, there is reason to believe that such covari­
ance adjustments often under-correct, and therefore are not 
an appropriate substitute for proper age matching, espe­
cially when interpreting neuropsychological tests which are 
influenced by age (Adams c< al., »A*S).

A general Ucne affecting mor .dies was that tbe pre- 
morbid neurocognitive abilities o f these subjects were 
largely unknown, as tbe studies did not document eeuio- 
cognitivc performance before subjects' onset of regular 
cannabis use. Although methods are available to estimate 
premoibid intelligence through consideration of perfor­
mance on tests that are not likely to be impacted by subtle 
brain injury (eg,, scores on tbe Vocabulary subtest of tbe 
WA1S series), these techniques are often inadequate. For 
example, we can never be absolutely certain whether the 
cannabis mere might have been brighter than controls to 
begin with, and then lost tome measure o f their cognitive 
function. Nevertheless, many o f tbe confounds discussed 
would most likely resu’t in poorer scores in the cannabis 
group, thus increasing tbe likelihood and magnitude of 
observed effects. Only studies that begin with tbe exami­
nation of children and young adolescents before they eater 
(he period of risk to cannabis exposure, can sufficiently 
reduce (be influence of coofounds, thus answering this 
question most effectively. An alternative strategy would be 
to examine mooozygotir twins discordant for cannabis and 
other substance use. In such studies, one can be more 
confident of controlling for “native endowment.’ In tbe 
abtence cf Such dcaigua. which can be costly to imple­
ment, the approach developed by Pope et el. represents the 
next best alternative. By examining regular active users 
who were instructed to abstain, and then repeatedly tested 
during a lengthy supervised abstinence period, studies such 
as those designed by Pope et aL bring us closer to under­
standing the persisting effects of cannabis use, while Si- 
multanecosly tracking the potential confounds of a “residual 
effect" and “abstinence phenomena."

In addition to tbe limitations posed by suboptimal study 
designs, limiting aspects of the statistical methodology nec­
essarily employed when conducting a meta-analysis should 
also be considered. It is important to recognize that noise 
and interpretabillty, inherent in such analyses, present an 
additional challenge. To compete the average effect size, as 
dismissed in tbe statistical methodology section, three types 
of linear combinations were performed Pint, within stud 
ics, different tests (from study to study) were combined into 
tbe eight neuropsychological domains. Then, across stud­
ies, domain effect sizes were linearly combined into eight 
domain effect sizr estimates. Finally, tbe eight effect sizes 
were linearly combined across domains, yielding a highly 
processed overall effect size that should be subject to cau­
tion in interpretation. In regards to the lack of findings when 
considering the influence of covariates on observed effect

E ffects a f cannabis m et* analysis 6*7

sizes, h is important to acts that tbs mrta-regresstout were 
pea formed aa data matrices with as many row* as ibere 
were studies testing a particular domain (no mare than 10). 
With lets than 10 data point* per regression. it ia necessar­
ily difficult to make any conclusion* about tbe significance 
of tbe model.

Finally, it is important not to genera lire these findings to 
special population. Many of tbe studies included in our 
analyses were conducted with better-educated, younger in­
dividuals. We do not know if  these mostly negative find­
ings would apply to individuals who have other risk factors 
for neurocognitive impairment and are then exposed to 
chronic heavy camsabjs use. For example, we cannot be 
certain if  individuals with mild bead injuries, attention 
deficit/hypcrecrivtty disorder, or other ueuiopsychianric ooo- 
ditions that may affect cognitive capacity, might be equally 
resistant to tbe chronic effect* of cannabis. In addition, tbe 
fact that cannabinoids appear to be well (otenmd by healthy 
adults docs not mean that children aod adolescent*, who we 
continuing to undergo neurobiological and cognitive devel­
opment, will be similarly cnaffected. Data from several hu­
man studies, as well as animal studies examining the effects 
on the offspring of cannahis-expoaed mothers, suggest that 
oeuxodevelopmental can occur. For example.
Fried et al. (2001) have noted executive dysfunction in older 
children sod adolescents of mothers who were substantial 
cannabis user* in the Ottawa cohort. Similar findings were 
noted in th» Pittsburgh longitudinal study (Goldschmidt et aL,
2000). Thus, it remains entirely possible that exposure of 
the developing nervous system to cannabinoids may cause 
alterations that affect cognitive function in tbe future.

In coodusioo. our meta-analysis of studies that have at­
tempted to address the question of longer term Deurocogni- 
tive disturbance in moderate and heavy caooabis user* has 
failed to demonstrate a substantial, systematic, and detri­
mental effect of cannabis use oo neuropsychological per­
formance. It was surprising to find such few and small effects 
given that mo6t of the potential biases inherent in our analy­
ses actually increased the likelihood of finding a cannabis 
effect Specifically, our use of a fixed effects model re­
sulted in smaller confidence intervals for tbe effect sizes we 
computed, thus facilitating tbe discovery of ttstistically sig­
nificant betweeo-groop differences. Moreover, many of the 
coofounds inherent in the studies included in our analyses 
made it more Likely for the cannabis using group to demon­
strate poorer performance on neuropsychological tests than 
controls, irrespective of cannabis consumption. Finally, mete- 
analytic studies are generally criticized for including only 
investigations that have been published in peer-reviewed 
journals, because studies that report statistically significant 
findings are more likely to be published. This “file-drawer" 
bias can result in an underrepresentation of studies that did 
not find statistically significant results, therefore also in­
creasing the likelihood of generating statistically signifi­
cant effect sizes. Nevertheless, when considering all 15 
studies (i.e., those that met both strict and more relaxed 
criteria) we only noted that regular cannabis users per­
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formed wont on memory te*u, but that (he magnitude of 
tbe effect was very small. Tbe small magnitude of effect 
sizes from observations of drom e users o f cannabis sug­
gests that cannabis compounds, if  found to have therapeutic 
value, taould have a good margin o f safety from a neuro­
cognitive standpoint under tbe more limited condition* of 
expos ore that would likely obtain in a medical setting.
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The past decade has w itnessed a ra p id  e xp a n sio n  o f  our und erstand ing  o f  

th e  b io lo g ic a l roles o f  can n abin oid s and th e ir  c o g n a te  receptors. It is n o w  

certain  th a t A9-te tra h yd ro c a n n a b in o l, th e  p rin c ip le  psychoactive c o m po ­

n e n t o f  th e  Cannabis sativa p lant, b in d s a n d  activates m em brane receptors 

o f  th e  7-transm em brane d om a in , G -p ro te in -c o u p lo d  superfam ily. Several 

p u ta tiv e  e ndocanna binoid s have since b e e n  id e n tifie d , including  a n a n d a m ­

ide. 2-arachidonyl glycerol and n o la d in  e the r. Synthesis o f  num erous can- 

n a b in o m im e tic s  has also g reatly  e x p a n d e d  th e  re pe rto ire  o f  cannabinoid  

receptor ligands w ith  the p h a rm a c od yna m ic  p rop erties  o f agonists, a n ta g o ­

nists and inverse agonists. C ollectively, the se  liga nd s have proven to  be 

p o w e rfu l to o ls  b o th  for the  m o le c u la r characterisation o f  cannabinoid  

receptors a n d  the d e lin e a tio n  o f th e ir  in trinsic  s ig n a lling  pathw ays. M uch 

o f  o u r u nd erstand ing  o f  th e  s ig n a llin g  m echanism s activated by cannabi­

noids is derived  fro m  studies o f  receptors expressed by tu m o u r cells; hence, 

this re vie w  provides a succinct sum m a ry o f  th e  m ole cular pharm acology o f  

c a n n a b in oid  receptors and the ir ro les in tu m o u r  cell b iology. M oreover, 

there is n o w  a g e n u in e  e xp e c ta tio n  th a t  th e  m a n ip u la tio n  o f  cannabinoid  

receptor systems m ay have th e ra p e u tic  p o te n t ia l fo r  a diverse range o f  

h u m a n  diseases. Thus, this re vie w  also sum m arises th e  d em onstrated  a n titu ­

m our actions o f  cannabinoids and ind icates possible avenues for th e  fu tu re  

d e v e lo p m e n t o f  cannabinoids as a n titu m o u r  agents.

Keywords: cannabinoid, endocannabinoid, signal transduction, tumour
Expert Op ln . Ther. Targets (2003) 7(6).749-758

1. Introduction
1 . 1  T h e  p h a rm a c o lo g y  o f  c a n n a b in o id  re c e p to rs

For many years, the highly lipophilic nature o f cannabinoids proved a barrier to the 
unequivocal demonstration that the biological effects o f A 9-tetrahydrocannabinol 
(A9-TH C ), and other ligands that demonstrate A9-TH C -like  pharmacological 
properties, were receptor-mediated. However, Lie molecular cloning of a brain 
receptor that bound these lip id moieties |l| finally proved that the biological actions 
o f cannabinoids were mediated by G-protein-coupled receptors (GPCRs), the 
quantltatlvely-dominant class o f drug target. To date, only two cannabinoid recep­
tor subtypes have been cloned. The central brain cannabinoid receptor (CBj) |l| and 
the peripheral cannabinoid receptor (C B J  |2) share 44% overall sequence homology 
that predictably rises to 68% w ithin the seven transmembrane-spanning domains. 
The use o f selective agonists and/or antagonists can discriminate between C B (- and 
C B 2-mediated responses. However, both receptors predominantly couple to pertus­
sis toxin-sensitive G  proteins o f the G, class. Agonist stimulation o f either receptor 
subtype inhibits adenylyi cyclase, reducing intracellular cAMP, and commonly
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f  activates the extracellular signal-regulated kinase (ERK) cas­
cade (see below) |3|. CB , receptor aeUvation also Inhibits volt­
age-dependent CaJ* channels and activates inwardly 
rectifying K* channels HI

1 .2  B io logica l a n d  p a th o lo g ic a l ro le s  o f  

c a n n a b in o id  receptors

The CB| receptor is associated with various biological/thera- 
petitic functions, including the inh ib ition o f synaptic trans­
mission. analgesia, reduction in  intra-ocular pressure, appetite 
stimulation, decreased muscle spasms, and various antitu­
mour actions |5 |. The known distribution o f the CB, receptor, 
expressed by brain and neuronal tissue and particularly 
enriched in the hippocampus, cerebral cortex, basal ganglia 
and cerebellum, supports a predominantly central action. In 
contrast, the peripherally-located C B 2 receptor is predomi­
nantly expressed by cells of immune origin, a cellular distribu­
tion that supports an immunomodulatory and/or anti­
inflammatory role |6 8|. O f  particular relevance to this review 
is an abundance o f evidence that the activation of cannabi­
noid receptor systems can markedly influence cell fate |9 .I0 |. 

Following brain injury, and in the case o f certain neurodegcn- 
erative disorders, cannabinoid. protect against neuronaJ insult 
and promote cell survival |U - I 4 |.  Conversely, activation o f can- 
nabinoid receptors expressed by tumour cells can inhibit pro­
liferation and induce apoptosis both in vivo and in vitro |I5 .I6 |.

1 .3  L ig a n d  classificatio n

Cannabinoid receptor ligands may be divided into four dis­
tinct groups: i) Classical; Ii) non-classical; iii) aminoalkylin- 
doles, and iv) endocannabinoids/eicosanoids. The classical 
cannabinoids comprise compounds occurring naturally w ithin 
the Cannabis sativa plant, including A 9-T H C , A S-TH C , can­
nabinol. cannabidiol and their synthetic analogues, including 
the highly potent HU -210  and desar 'tyl-L-nantradiol 
(D ALN ) |S |. These ABC-tricyclic d lbenz i, ^ran derivatives 
demonstrate equal affinity for C B , and C B 2 receptors. M inor 
modification of these compounds has led to the generation of 
cannabinoids with either increased affinity (JWH-015 |I 7 |)  or 
selectivity (JWH-133 |18) and HU-308 (19]) for C B 2.

Developed by Pfizer, the non-classical cannabinoids lack 
the dihydropyran ring o f  A 9-T H C  |5 |. These bicyclic and tr i­
cyclic analogues include the highly utilised CP-55940, show­
ing sim ilar affinity for both CB , and C B 2 |2t)|.

Aminoalkylindoles with decreased anti-inflammatory prop­
erties and derived from analogues o f pravadnline ,21], were 
found to possess cannabimimetic activity |22 .23 |. This group is 
typified by WIN-55212-2, exhibiting affinity for both CB, and 
C B 2 receptors |5 | and the CB^selective agonist A M - 1241 [24|.

In addition to the four main classes o f  cannabinoids, the 
diarylether sulfonylester derivative BAY-38 7271 is a new 
high-affinity CB , receptor agonist that is structurally distinct 
from any cannabinoid receptor ligand known so far |25|.

The discovery of putative endogenous ligands, the endo- 
cannabinoids, gave further credence to the pharmacological

relevance and therapeutic potendal o f cannabinoids 126.27]. 

N-arachldonylethanoiamine (AEA), more commonly referred 
to as anandamide, was initially isolated from porcine brain 
|28 |, and synthesis o f its analogue, arachloonyl-2-chloroethyla- 
mide, produced the high-affinity CB , agonist A C E A  |29 |, 

Shortly afterwards, 2-arachidonyl glycerol (2-AG), Isolated 
from canine gut |30| and rat brain |3 I | ,  was acknowledged as a 
potential candidate In the search for further endocannabi- 
nolds. O w ing to the relatively low affinity displayed by these 
putative endogenous ligands for cannabinoid receptors, it 
seems highly probable that further endocannabinoids remain 
to be isolated. Most recently, a third endocannabinold candi­
date, 2-arachidonyl glycerol ether (noladin ether), has gained 
attention In the quest for further endogenous ligands. Isolated 
from porcine brain, noladin ether possesses a higher affinity 
for the central C B , receptor than for the peripheral 
CB2 receptor, and shows greater metabolic stability than its 
counterparts, 2-AG and A EA  |3 2 |. However, a recent study 
was unable to detect appreciable amounts o f noladin ether in 
brains from various mammalian species |33 |.

Synthesis o f selective antagonists has greatly assisted our 
understanding o f cannabinoid receptor pharmacology. The 
most notable CB| antagonists include the diarylpyrazole 
SR-141716 |34l, a highly potent CB|-selectlve antagonist, and 
the high-affinity LY-320135 |35|. However, both arc reported 
to demonstrate properties o f  inverse agonism |36|. C B 2 antago­
nists comprise the diarylpyrazole. SR-144528 |37 |. and the 
aminoaikylindole, AM -630  |38 |. Again, both show characteris­
tics o f inverse agonism (39). and the latter may exhibit partial 
agonist activity at the C B , receptor |38 |.

1.4 B iosyn th e sis  a n d  d e g r a d a tio n  o f  e n d o c a n n a b in o id s

Local production of AEA . and probably other endocannabi­
noids, is a calcium-dependent process |40 |. AEA  biosynthesis 
requires the phospholipase D-mediated hydrolysis o f the 
phospholipid precursor N-arachidonylphosphatldyleth- 
anolamine |40.4 1 1. The extracellular signal-regulated activity o f 
phospholipase D  could enable many extrinsic factors to regu­
late A EA  biosynthesis. Inactivation of A EA  is by a specific 
membrane transporter [41-43] and subsequent intracellular 
hydrolysis by the fatty acid amide hydrolase (FAAH) |41.44.45|.

2. Antitumour effects o f cannabinoids
The antitumour effects o f A 9-T H C  and its analogues were first 
identified In the 1970s. Antlneoplastlc activities were reported 
in Lewis lung adenoma cells |46.47|, L I 210 leukaemia cells |48| 

and HeLa S3 cells |49 |. As detailed below, numerous investiga­
tions have since identified antiproliferative, apoptotic, antiang- 
logenic, and antimetastatic properties o f cannabinoids.

2 .1 M a lig n a n t  a s tro c y to m a s  a n d  g lio m a s

Attention has recently been focused on the cannabinoid- 
induced apoptosis o f malignant astrocytomas/gliomas both 
in  vivo and in cultured cellular systems. G lia l cell/astrocyte
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malignancies are a relatively rare yet fatal form o f brain 
tumour 1101 that can be modelled in rodents by parenchymal 
Inoculation with transformed glioma cell lines. Following 
inoculation o f Wlstar rats w ith C6.9 glioma cells, intra- 
tumoural administration o f A 9-T H C  and the synthetic can­
nabinoid WIN-55212-2 reduced tumour growth and pro­
moted regression via apoptotlc mechanisms |5 l|. More 
recently, an additional mechanism of cannabinoid-medlated 
glioma/astrocytoma tumour regression has been elucidated by 
Blazquez and co-workers |5Z|. Intra tumoural administration 
o f the non-psychoactive and C B 2-selective ligand, JW H-133, 
Inhibited angiogenesis required for the growth o f tumours 
induced in mice by inoculation with both C6 glioma and 
human astrocytoma cells.

2 i. 1 Signalling
A common second messenger system stimulated by cannabi­
noid receptor activation is the E R K  cascade. The end point o f 
this key signal transduction event is the phosphorylation and 
activation of E R K  1/2, alternatively referred to as p42/44 
mitogen-activated protein kinases (MAPKs). Activated 
ER K  1/2, in turn, modulate gene transcription Although this 
system is often associated with events leading to cellular pro­
liferation and differentiation, tnert are paradoxical circum­
stances during which activation o f the E R K  cascade leads to 
cell cycle arrest, apoptosis and necrotic cell death |53,MJ. These 
disparate effects upon cell fate may be a consequence uf d if­
ferences In  signal intensity and duration. Cannabinoid recep­
tor stimulation promotes ERK1/2 activation in C6.9 glioma 
cells, astrocytoma cells and primary astrocytes, and these 
events are accompanied by the intracellular accumulation o f 
ceramide 155.56). Ceramide, a sphingosine-based lip id , pos­
sesses apoptotlc properties. The accumulation o f ceramide 
may be a consequence o f the receptor-mediated activation o f 
sphingomyelinase and subsequent hydrolysis o f sphingomye­
lin. More recently, a second pathway leading to ceramide 
accumulation and apoptosis, that o f de n o w  ceramide synthe­
sis |57 59), has also been elucidated. Although the role o f can- 
nabinoid-induced sphingomyelin hydrolysis in normal 
astrocytes is probably the stimulation o f glucose metabolism 
|56.60|, evidence strongly indicates that the intracellular accu­
mulation o f ceramide contributes to the apoptotlc properties 
o f cannabinoids in  transformed cells. Moreover, Galve-Rop- 
erh and co-workers |5I| showed that exposure o f C6.9 glioma 
cells to both A 9-T H C  and synthetic cannabinoid agonists 
resulted in the generation o f two intracellular ceramide peaks 
that were upstream o f E R K  activation. The in itia l peak, a 
likely response to short-term cannabinoid treatment, proba­
bly involved activation o f sphingomyelinase by the adaptor 
protein FA N  (factor associated w ith neutral sphingomyeli­
nase) |6I|. Th is Initial rise in ceramide concentration did not 
play an active role in rannabinoid-mediatcd apoptosis. A sec­
ond ceramide peak was observed follow ing 3 days o f contin­
ued cannabinoid exposure, and this rise was related to 
C 6 .9 glioma cell death. Furthermore, follow ing chronic

stimulation o f cannabinoid receptors on C6.9 gliomas. Inhi­
bition of de novo ceramide synthesis prevented stimulation o f 
ERK 1/2 and also increased th t activity o f antiapoptotic pro­
tein kinase B (PKB) |62 | (Figure 1).

These observations clearly support a pro-apoptotic role for 
cannabinoid receptor systems, although there are several cave­
ats to these Interpretations. First, other kinase pathways may 
underlie the effects o f cannabinoids on cell fate. Thus, 
A 9-THC-lnduced cell death, both w ithin C6.9 gliomas and 
U 373M G  astrocytoma cells, has also been paralleled to the 
activation o f Juri N-termlnal kinase (JNK) |63 | and p38 M A P K  
(511. although selective inhibition would indicate an 
ERK-medlated apoptotlc response |5 l |.  The JN K  and 
p38 M A P K  family, in contrast to the ERKs, are considered to 
be activated by stress signals and contribute to the stress 
response by altering progression through the cell cycle, 
D N A  repair or apoptosis |64 |. Second, the highly potent ago­
nist HU-210 appears to be protective against ceramide- 
lndur>*d apoptosis in  the U 373M G  cell line |65| CBj-mediated 
(Jy subunit dissociation, activation o f the Class Ip phosphati- 
dylinositol 3'-kinase isoenzyme, subsequent activation o f its 
target, PKB, and acute ER K  activation, appear to constitute 
pro-survival signals in this cell line |65 |. It follows, therefore, 
that short-term cannabinoid-mediated ER K  activation pro­
tects against apoptosis. whereas chronic stimulation induces 
apoptosis. However, as G PCRs, cannabinoid receptors would 
be expected to desensitise upon stimulation. Thus, it is d iff i­
cult to understand why cannabinoid receptor-induced apopto- 
sis requires a 3- to 5-day exposure period to cannabinoids.

2 7 2 Functional significance of the CB? receptor 
C B 2 receptors are largely considered to be peripherally 
located. However, evidence for C B 2 receptor expression by 
some gliomas is accumulating and this receptor may also 
inhibit cell growth. Thus, A 9-THC-induced apoptosis of 
C6.9 glioma cells was only completely inhibited by a com bi­
nation o f both CB| and C B 2 antagonists |5 I |.  Moreover, selec­
tive activation o f the C B 2 receptor induced a regression o f 
glioma cell growth In  vivo |66|.

O f  further interest is the finding that C B 2 receptor expres­
sion on human astrocytomas appears to be closely correlated 
with tumour grade and degree o f malignancy |66|. 
Sanchez and co-workers identified both CB , and C B 2 recep­
tor expression in 70% o f human astrocylomal biopsies |66|. 
Moreover. Grade IV  astrocytomas showed an elevated level of 
C B 2 receptor expression compared to that of CB,. The above 
findings provide a promising therapeutic strategy for cannabi­
noid treatment o f malignant astrocytomas and gliomas, whilst 
avoiding the unwanted psychotropic affects associated with 
recruitment o f CB , receptors.

2 j.3 Cannabinoid-mediated inhibition of 
angiogenesis and tumour invasiveness 
The importance o f cannabinoid-based glioma and astrocy­
toma therapy has increased significantly in the light of recent
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Figure 1. Cannabinoid-mediated antitum our signalling mechanisms. Cannabinoids la ve  been implicated in tbe tumour 

suppression of malignant astrocytomas and gliomas, breast and prostate cancer cells, thyroid epithelium, and non-melanoma skin cancer 

growth. Inhibition of proliferation, induction of apoptosis and impairment o f angiogenesis have been attributed to a diversity of 

intracellular signalling cascades following cannabinoid receptor ligation.
AEA: Anandamide: ANG: Angiopoietin. CB,: Brain cannabinoid receptor: CB? Peripheral cannabinoid receptor: EGfR Epidermal growth factor receptor: 
ERK: Extracellular signal-regulated Kinase: FAAH: Fatty acid amide hydrolase. MMP Matrix metalloproteinase: NCI. Nave growth factor: p21'“  Monomenc G protein 
ras: p27**’>: Cydin dependent Kinase inhibitor: PEA. Palmitoylethanotamide: PIGf: Placental growth (actor: PK: Protein Kinase: PRLr: long form of the prolactin 
receptor: Irk: High-affinity nerve growth factor receptor: VEGf: Vascular endothelial growth factor, VEGFR: Vascular endothelial growth factor receptor.

findings by Blazquez and co-workers |52j. Administration o f 
the C B 2-selcctlve agonist, JW H-133, proved effective in sup­
pressing the release o f pro-angiogenic factors, vascular 
endothelial growth factor (VEGF) and angiopoietin-2 from 
C6  glioma and human Grade IV  astrocytoma-induced 
tumours in mice. Furthermore, decreased expression of matrix 
metalloproteinase (M M P)-2  from tumour biopsies was 
reported (Figure l). It has therefore been hypothesised that 
cannabinoids may target and inh ib it endothelial cell survival 
and migration, thereby restricting tumour blood vessel supply 
[52|. In  vitro experiments with primary human umbilical vein 
endothelial cells (H U VECs) and the cell line ECV304 have 
indicated that such effects are C B 2-mcdiated. Furthermore, 
cannabinoid-induced endothelial cell death and inh ib ition o f 
endothelial cell migration were abrogated by inh ib ition o f 
M E K  (M A PK  kinase) 1/2. thereby implicating the involve­
ment o f the ER K  signalling cascade. However, caution should 
be applied when interpreting these findings, as EC V304 cells

are derived from the human bladder cancer-derived epithelial 
cell line T24/83 |67|.

In summary, cannabinoid receptors and their associated 
signalling pathways could prove to be a valuable therapeutic 
target for the treatment o f malignant gliomas and astrocyto­
mas. In these situations, cannabinoids cou ld support apop­
tosis, suppress the release o f pro-angiogenic factors and 
M M P s  and, therefore, prevent tumour growth, angiogenesis 
and cell invasivcness.

2.2 H u m a n  b fe a s t cancer cell line s

The therapeutic potential o f  cannabinoids in the treatment of 
human breast cancer has been well studied by D i Marzo and 
co-workers, with particular emphasis placed upon the antipro­
liferative effects o f the endocannabinoids in  cellular systems. 
Rather than inducing apoptosis, the endocannabinoid AEA  
arrested the proliferation o f human breast cancer cells by halt­
ing progression through the cell cycle at the G l/S  transition
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Summary
The ac tiv e  com pound in  h e rb a l c a n n a b is , A’ - tetrahydro- 
cann ab in o l, e x e rts  a l l o f  its  know n  ce n tra l e ffec ts 
th ro ugh  the C B i cann ab in o id  re cep to r . R esearch  on 
cann ab in o id  m echan ism s has been  fa c i l i ta te d  b y  the 
a v a i la b i l it y  o f se le c tive  a n ta g o n is ts  a c tin g  a t C B ( re cep ­
to rs  and the genera tion  o f C B ( re cep to r kn o ckou t m ice . 
P a r t ic u la r ly  im po rtan t c la sse s o f  n eu ron s th a t exp ress 
h igh  le ve ls  o f C B ] re cep to rs a re  G A B A e rg ic  in te rn cu r-  
ons in  h ippocam pus, am y g d a la  and c e re b ra l co rtex , 
w h ich  a lso  con ta in  the neu rop ep tid e s ch o le cy s lo k in in . 
A c t iv a tio n  o f CB| re cep to rs le a d s  to in h ib it io n  o f the 
re lease  o f am ino ac id  a n d  m onoam ine neu ro tran sm it-  
tc r s . The lip id  d e r iv a t iv e s  an an d am id e  an d  2-arachido- 
n y lg ly c e ro l act as endogenous lig a n d s  fo r  CB| re cep to rs  
(endocannab ino ids) . They m ay a c t as re tro g ra d e  syn ap ­
t ic  m ed ia to rs  o f Ihe phenom ena o f depo la r iza tion-  
in du ced  supp re ss io n  o f in h ib it io n  o r  ex c ita t io n  in  h ippo ­
cam pus an d  ce re b e llum . C en tra l e ffe c ts o f  cann ab in o id s

Correspondence to: l^eslie Iversen, Department o f  
Pharmacology, University o f  Oxford, Mansfield Road, 
Oxford OX1 3QT. UK  
E mail: les.iversen@ pharm.ox.ac.uk

in c lu d e  d is ru p t io n  o f p sychom o to r b eh av io u r , sho rt­
te rm  m em o ry  im p a irm en t, in to x ica tio n , s t im u la t io n  o f 
appe tite , an tin o c ic e p tiv e  ac tion s ( p a r t ic u la r ly  aga in st 
pa in  o f n e u ro p a th ic  o r ig in )  an d  anti-emetic e ffects. 
A lth ough  th e re  a re  s ig n s o f m ild  co gn it iv e  im pa irm en t 
in  ch ro n ic  ca n n a b is  u se rs  there is  l it t le  ev idence that 
su ch  im p a irm en ts  a re  ir r e v e r s ib le , o r th a t they a rc  
accom pan ied  b y  d rug- in du ced  neu ropa tho lo gy . A p ro ­
po rtion  o f r e g u la r  u se rs  o f  ca n n a b is  deve lop  to le rance 
an d  dependence on the d r u g . Som e s tu d ie s  have lin k ed  
ch ro n ic  use  o f c a n n a b is  w ith  an in c re a se d  r is k  o f psy­
c h ia tr ic  i lln e s s , b u t th e re  is  l i t t le  ev iden ce  fo r any causa l 
l in k . The p o ten tia l m e d ic a l a p p lica tio n s o f  cann ab is  in 
the tre a tm en t o f p a in fu l m u sc le  sp a sm s and o the r sym p ­
tom s o f m u lt ip le  s c le ro s is  a re  c u r r e n t ly  be ing  tested in 
c lin ic a l t r ia ls .  M ed ic in e s  ba sed  on d ru g s  th a t enhance 
the fu n c tio n  o f en do cann ab in o id s  m ay  o ffe r novel th e ra ­
peu tic  app roaches in  the fu tu re .

K eyw o rd s : cannabinoid C B , receptor; A9-tetrahydrocannabinol; rimonabant (S R I41716A); anandam ide;
2-arachidonylglycerol

A b b re v ia t io n s : 2-AG = 2-arachidonylglycero l; D S I = depolarization- induced suppression o f inh ib ition ; FAAH  = fatty acid 
am ide hydrolase; Gi/o = G-proteins n ega tive ly  linked lo  adenylate cy c la se  or to ino sito l phosphates; LTD  = long-term 
depression; LTP = long-term potentiation; m G lu = m ctabotrop ic g lutamate; N M D A  =  /V-mcthyl-D-aspartate; THC = A9- 
letrahydrocannabino l

Introduction
A large literature ex ists on the e ffec ts o f  cannabis, w ith  many 
o f the ea rlie r s tud ie s conducted in human sub jec ts 
(M endelson ct al., 1976; Jones, 1978; H o llis te r, 1986). 
Unfortunate ly , much o f  th is research w ou ld now be regarded 
as inadequate ly  con tro lled and poorly designed. However, 
research on cannabis has been s tim u la ted  in recent years by 
the recogn ition that spec ific  receptors ex ist in the bra in that

Brain 126 © G uarantors o f  B ra in 2003; a ll r ip ' s  reserved

recogn ize cannab ino ids, and by the d isco ve ry  o f a series o f 
endogenous cannab ino ids that act as ligands for these 
receptors. A s was the case w ith  op iate research in the 
1970s, research on a p sychoactive  drug o f plant origin has 
revealed a h itherto unknown phys io lo g ica l control mechan­
ism . T h is .e v ie w  w ill focus m ain ly  on the more recent 
litera ture in th is fie ld .

mailto:les.iversen@pharm.ox.ac.uk


SR14I7MA

Fig. 2 Chemical structure of Ihe CB| selective antagonist drug 
rimonabam (SR14I716A).

Anandamide
0 /— OH
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2-Arachidonylglyccrol (2-AG)

Fig. 1 Ci.emical structures of THC, the synthetic CB| receptor 
agonist WIN 55,2122 and the endocannabinoids.

The c a n n a b in o id  system  in  b ra in  
E x o g e n o u s  can n a b in o id s  a n d  th e ir  recep tors  
The p rincipa l ac tive  component in the com plex m ix ture o f 
cannabino ids present in extracts o f  the plant Cannabis 
sativa is  A’ -tetrahydrocannabinol (THC) (M echoulam , 
1970) (F ig . 1). THC is  a s ticky resin that is not so lub le  
in water. Sm oking remains the most e ffic ien t means o f  
d e liv e r in g  the d rug  and experienced users can titrate the 
dose by ad ju sting  the frequency and depth o f inha la tion 
(Iversen , 2000). THC or cannabis ex trac ts can a lso  be 
taken o ra lly  in fat-containing foods o r d isso lved  in a 
su itab le  pharm aceutica l o il, but absorption is de layed and 
va riab le  (Iversen , 2000). A series o f man-made syn thetic 
cannab ino ids, some o f which are more potent and more 
water so lu b le  than THC, is also a va ila b le  (Pertwee, 1999) 
(F ig 1). All o f these compounds act as agon ists at the CB| 
cannab ino id receptor (M atsuda et al., 1990), which is the 

^ B o n l y  one known to be expressed in the brain. A second 
^ ^ c a n n a b in o id  receptor, C B2, is expressed o n ly  in peripheral 

tissues , p r in c ip a lly  in the immune system  (Munro et al., 
1993; F e ld e r and G lass, 1998; Pertwee, 1999). TH C  and

the syn the tic cannab ino ids also act to some extent as 
agonists at the C B 2 receptor. Both cannabinoid receptors 
are members o f the G-protein coup led class, and their 
activation is lin ked  to in h ib itio n  o f adenylate cyclase 
a c tiv ity  (How lett et al., 1988). A series o f synthetic drugs 
is a lso  now ava ila b le  that act as spec ific  antagonists at CB| 
or C B j receptors (D ’Souza and Kosten, 2001). One o f 
these compounds, rimonabant(SR141716A), which acts 
se le c tive ly  to b lo ck  C L , receptors (Rinaldi-Carmona 
et al., 1994; Compton et al., 1996), has been w idely 
used in stud ies o f  the actions o f cannabino ids in the CNS 
(F ig . 2).

E n d o g e n o u s  c a n n a b in o id s
Fo llow ing  the d isco ve ry  o f spec ific  cannabinoid receptors, a 
search was made fo r n a tu ra lly  occurring ligands o f these 
receptors in m am m alian tissues . T h is  led to the d iscovery of a 
series o f arach idon ic ac id d e r iva tiv e s  w ith potent actions at 
cannabino id receptors. These are: anandam ide (/V-arachido- 
nyl-ethanolam ine; D evane et al., 1992), 2-arachidonylglycer­
ol (2-AG; M echou lam  e ta l., 1995; Sug iura eta l., 1995; Stella 
et al., 1997) and 2-arach idonylg lyceryl ether (Hanus et al.,
2001) (Fig. 1). O f these, anandam ide is the ligand that has 
been most ex ten s ive ly  s tud ied  so far. The endogenous 
cannabinoids known as 'endocannabinoids' are present only 
in sm a ll amounts in the brain o r other tissues. L ike  other lipid 
mediators (e g. prostag land ins) they appear to be synthesized 
and re leased lo ca lly  on demand (see below). Anandam ide and 
the other endogenous cannab ino ids arc rap id ly inactivated by 
a com bination o f a transporter mechan ism  and by the enzyme 
fa tty  ac id am ide hydro la se (FAAH ) (D i M arzo et al., 1994; 
P iom c lli et al., 1998; G iu ffr id a  et al., 2001). Genetica lly 
engineered m ice la ck in g  FAAH  d isp layed e levated leve ls  of 
anandam ide in brain and were supersensitive to the b io log ica l 
actions o f anandam ide (Cravatt et al., 2001). The d iscovery of 
agents that co u ld  in terfere w ith  the inactiva tion o f endogen­
ous cannabino ids m ay provide a nove l means o f  pharmaco-
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Fig. 3 Distribution of cannabinoid CB, receptors in rat brain revealed by an autoradiograph of the 
binding of radioactively labeled CP-55940 (a high affinity agonist ligand) to a sagittal brain section. The 
brain regions labelled are: Cb - cerebellum; CbN = deep cerebellar nucleus; cc = corpus callosum; EP 
= entopcduncular nucleus; fi = fimbria hippocampus; Fr = frontal cortex; FrPaM = frontoparietal cortex 
motor area; GP = globus p a l l i d 'H i  = hippocampus; IC = inferior co lliculus; LP = lateral posterior 
thalamus; Me = medial amygdaloid nucleus; PO = primary olfactory cortex; PCRt = parvoccllular 
reticular nucleus; SNR = substantia nigra reticulate; Tu = olfactory tubercle; VP = ventropostcrior 
thalamus. Photograph kind ly supplied by Dr M iles Herkenham. National Institute of Mental Health, 
USA.

lo g ica lly  m od ify ing cannabino id func tion  in the brain 
(P iom elli ei al., 2000).

Neuroanatomical distribution o f  CB/ receptors 
in brain
The d is tr ibu tion  o f cannab ino id receptors was first mapped in 
rat brain in autoradiograph ic stud ies, u sing the rad io ligand 
[H 3]CP-55,940, which b inds w ith h igh a ff in ity  to C B , sites 
(Herkenham el al., 1991) (F ig . 3). The v a lid ity  o f using this 
rad io ligand was confirm ed b y  au to rad iograph ic stud ies in 
CB , receptor knockout m ice , in which no detectab le |H3]CP- 
55,940 b ind in g  sites were observed (Z im m er el al., 1999). 
More recen tly , an tibod ies that target the C- o r N-term inal 
regions o f  the CB , receptor protein have been used for 
imm unohistochcm ica l mapping s tud ie s (Egertova el al., 
1998; Pettit el al., 1998; Egertova and E lph ick , 2000). 
Im m unohistochcm istry p rov ides a superio r degree o f spatia l 
reso lu tion to autoradiography, but the o vera ll pattern o f 
d istribu tion o f  CB| receptors revea led by the tw o approaches 
is very s im ila r (E lph ick and Egertova , 2001)

The mapping stud ies in rat brain showed tnat C B , receptors 
are m a in ly  lo ca lized  to axons and nerve term inals and are 
la rge ly  absent from the neuronal som a or dendrites. The 
finding that cannabino id receptors are predominant''/ prc-

•
 synaptic rather than postsynap lic is consisten t w u it the 
postu lated ro le  o f cannab ino ids in m odu la tin g  neurotrans- 
m itter re lease (see be low ).

In both an im a ls and man the cerebra l cortex , particu la rly  
frontal reg ions, contains h igh densities o f C B , receptors.

There are a lso  ve ry h igh  densitie s in the basal ganglia and 
in the cerebe llum  (F ig . 3). In  the lim b ic  forebrain CB| 
receptors arc found p a rticu la r ly  in the hypothalamus and in 
the anterior c in gu la te  cortex. The hippocampus a lso 
contains a h igh d en sity  o f C B , receptors. The re la tive 
absence o f the cannab ino id receptors from  brainstem nucle i 
may account fo r the low  to x ic ity  o f  cannabinoids when 
g iven in overdose.

The reg iona l d is tr ib u tio n  o f the C B , receptor in brain 
corre lates on ly  poorly w ith  the le ve ls  o f  anandamide and 
other endocannabino ids in d iffe ren t bra in regions (Felder 
el al., 1996; B isogno el al., 1999). However, measurements o f 
endocannabino ids have y ie ld ed  va riab le  resu lts, and a stric t 
corre lation w ou ld  not be expected for ligands that arc on ly 
produced on demand. There is a better correlation between 
the reg iona l d is tr ib u tio n  o f CB| receptors and the enzyme 
FAAH . FAAH  is w id e ly  d is tr ib u ted  in CNS and other tissues, 
suggesting that its ro le  is not confined to inactivating 
endogenous cannab ino ids . N everthe less, particu larly high 
le ve ls  o f  FAAH  were found in bra in regions that are enriched 
in CB| receptors, and im m unoh istochcm ica l sta in ing sug ­
gested a com plem entary re lationsh ip between FAAH and 
CB , receptors at the synap tic le ve l (Egertova el al., 1998; 
E lph ick  and Egertova , 2001). In  ce rebe llum , hippocampus 
and neocortcx FAAH  was expressed at high le ve ls  in ihe 
somato-dendritic regions o f  neurons that were postsynaptic to 
CB|-positivc axon term ina ls. The c lo se and complementary 
re la tionsh ip  between C B , receptors and FAAH led to the 
hypothesis that FAAH  m ay participate in the inactivation o f 
endogenous cannab ino ids re leased lo ca lly  at synapses



(Elphick and Egertova, 2001). These authors postulated a 
retrograde cannabinoid signalling mechanism, whereby 
endogenous cannabinoids are released in response to synaptic 
activation, feedback to presynaptic receptors on these axon 
terminals, and are subsequently inactivated by FAAH after 
their uptake into the postsynaptic compartment This hypoth­
esis has been supported independently by neurophysiological 
findings, as described below

Effects of cannabinoids on synaptic function 
Inhibition of neurotransmitter release
The presynaptic lo ca liza tio n  o f CB i receptors suggests a ro le 
for cannabinoids in m odulating the re lease o f  neurotransmit- 
ters from axon term inals, and th is has been confirmed by  a 
substantia l body o f  experimental data. E a r ly  reports (G ill 
et al., 1970; Roth, 1978) showed that THC inh ib ited 
acety lcho line release from  e le c tr ica lly  stim ulated gu inea 
p ig ileum . S im ila r inh ib ito ry e ffec ts o f THC and other 
cannabinoids on the re lease o f  a va rie ty  o f neurotransm itlcrs 
from CNS neurons have been observed in many subsequent 
stud ies (Sch licker and Kathmann, 2001). The neurotransmit- 
ters in vo lved  inc lude L-glutamate, G A BA , noradrenaline, 
dopam ine, 5-HT and acety lcho line. The brain regions most 
often stud ied in vitro, u su a lly  in tissue s lic e  preparations, 
have been cerebe llum , hippocampus or ncocortcx. 
Neurotransm itter re lease has been stud ied d irectly  in super- 
fused preparations, and ind irectly  by  measuring postsynaptic 
currents. A lthough most o f  these stud ies in vo lved  rat or 
mouse bra in , a few  stud ie s have shown s im ila r resu lts using 
human brain tissue (Katona et al., 2000; Sch licker and 
Kathmann. 2001). Because THC is on ly  poorly water so lub le , 
the more so lub le  synthetic C B , receptor agon ists 
WIN552123, HU210 or CP55-2940 were used in these 
in vitro stud ies. The spec ific ity  o f the cannabinoid e ffec ts 
were confirmed by demonstrating that the inh ib ito ry e ffec ts 
o f the agon ists were com p lete ly  b lo cked by the CB ,-se lective 
antagonist rimonabant.

The c e llu la r  m echanism s in vo lved  in the inh ib ition o f 
neuro transm itter re lease by cannabino ids remain unclear. 
Some have suggested that there is a d irect inh ib ito ry e ffec t o f 
CB| receptor activation on N-typc C a2* currents (C au lfie ld  
and B rown, 1992; M acK ie  and H ill, 1992). However, the 
e ffec t appears more lik e ly  to in vo lve  sites downstream  o f 
voltage-dependent C a2* channels, s in ce a number o f stud ies 
have shown that cannabinoids reduce the frequencies o f 
m in iature excita to ry or inh ib ito ry synap tic currents, w h ich 
are Ca2* independent, rather than a lte r in g  their am p litude , 
w h ich is C a2* sen sitive  (Sch licker and Kathmann, 2001). 
D eadw y le r et al. (1995) suggested that the inh ib ito ry e ffe c t o f 
C B , receptor activation on adenylate cyc lase ac tiv ity  causes a 
decreased phosphorylation o f A-type K* channels by the 
cAMP-dependent enzym e protein k inase A . Th is, in turn, 
w ou ld  ac tiva te  the A-type K* channels and cause a shortening

of the duration of presynaptic action potentials as they invade 
axon terminals
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Biosynthesis o f endocannabinoids 
Despite their s im ila r  chem ica l structures, the endocannabi­
noids are produced through d istinc t b iochem ica l pathways 
The formation o f anandam ide is thought to resu lt from  the 
hydro ly s is o f the precursor N-arachidonoyl phophatidylctha- 
no lam ine, ca ta ly sed  by the phosphodiesterase enzyme 
phospholipase D  (D i M arzo et a l., 1994; Cadas et al.,
1997). 2-AG. on the other hand, is produced by c leavage o f an 
inositol-1,2-diacylglycerol, ca ta lysed by phospholipase C. 
A lthough both anandam ide and 2-AG can activa te CB, 
receptors, it is  not c le a r whether both function as endocanna­
b ino ids, and whether their syn thesis and release are inde­
pendently con tro lled . The le ve ls  o f 2-AG found in brain 
(2-10 nmol/g) ate 50-1000 tim es higher than those o f 
anandam ide (10-50 pmol/g). There is  some ev idence for 
separate contro l o f  their b iosyn thesis. S tim u la tion o f 
glutamate re lease from  Schaffer co lla te ra ls in rat hippocam­
pal s lice s increased le ve ls  o f 2-AG, but not anandam ide 
(S te lla et al., 1997). On the other hand, another study using 
in vivo m icrod ia ly s is  probes showed that local adm in istration 
o f the dopam ine D2 receptor agon ist qu inp iro le caused an 
increased re lease o f anandam ide from  rut stria tum  w ithout 
a ffec ting le ve ls  o f 2-AG (G iu ffr id a  et al., 1999) Indeed, 
desp ite the m uch h igher tissue le ve ls  o f 2-AG re la tive to 
anandam ide and the a v a ila b ility  o f a ve ry  sensitive assay, no 
2-AG cou ld be detected at a ll in the str ia ta l d ia lysa te samples. 
In cu ltu red rat co rtica l neurons ac tiva tio i. of C a2’ in flu x  by 
stim ulation o f  g lu tam ate W-me thy I-D -aspartate (NMDA) 
receptors caused an increase in 2-AG formation but not 
anandam ide (S te lla and P iom e lli, 2001). H owevr f  NM DA  
activation was com bined w ith a cho linerg ic agonist (carba- 
chol) the formation o f  both endocannabino ids was increased 
In both cases C a2* in f lu x  was requ ired for endocannabinoid 
synthesis. It is c lea r that much rem ains to be learned about the 
re la tive  roles p layed b y  the d iffe ren t endocannabinoids. The 
b iosyn thesis o f  the most recently d iscovered th ird endocan­
nabino id , 2-arachidonylg lyceryl ether, remains to be 
characterized .

Endogenous cannabinoids act as retrograde 
signal molecules at synapses
Important new in s igh ts into the physio log ica l ro le o f 
cannabinoids has emerged from  neurophysio log ica l stud ies 
pub lished independently by three d iffe ren t research groups in 
2001. A phenomenon known as depolarization-induced 
suppression o f  inh ib ition  (DS I) has been known to neuro­
physio log ists fo r some years (A lger and P itlcr, 1995). It is a 
form o f fast re trograde s ig n a llin g  from postsynaptic neurons 
back to inh ib ito ry c e lls  that innervate them, and is  particu la r ly  
prominent in the hippocampus and cerebellum . Three prop-
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erties of DJ>1 suggested to W ilson  and N ico ll (2001) (hat a 
cannabinoid mechanism m ight be in vo lv ed  F irst DS1. like 
endocannabino id synthesis, requ ires C a1* in flu x  in to the 
postsynaptic neuron (Lenz et al., 1998). Second ly , DS1 is 
p robably presynaptic. since the se n s it iv ity  o f the postsynaptic 
c e ll to G A LA  is unaffected (P itle r and A lg e r . 1992). F in a lly , 
D S I is  b locked by pertussin toxin , w h ich  in teracts w ith  the 
Gi-proteins negative ly  lin ker adeny la te cyc la se  or lo 
inos ito l phosphates (Gi/o) protein to w h ich  the CB| receptor 
is coup led (P itler and A lger, 1994). W ilso n  and N ico ll (2001) 
used s lice  preparations o f rat hippocampus and induced DSI 
by  b r ie f depo lariz ing steps in the ho ld ing  po tentia l o f  vo ltage 
c lam ped CA1 pyram idal neurons. T hey found that D S I was 
com p le te ly  b lock d by the cannabino id C B , receptor antag­
on is ts  AM25I or rimonabant and co u ld  be m im icked by 
app lication o f  the CB| receptor agonist WIN55.2122, but the 
continued presence o f the agonist prevented D S I by 
occ lusion . W ilson  and N ico ll (2001) were a lso  able to show 
by recording from pairs o f nearby CA1 neurons that 
depo la r iz ing  one o f these neurons caused D S I to spread and 
a ffec t adjacent neurons up to 20 pm  aw ay  They suggested 
that the sm a ll, lip id-so lub le, free ly d if fu s ib le  endocannabi­
no ids act as retrograde synaptic s ig n a ls  that can affec t axon 
term ina ls in sphere o f in fluence some 40 p in  in d iam eter 

Ohno-Shosaku el al. (2001) came to a s im ila r  conclusion 
using a diffe ren t experim enta l paradigm  They recorded from 
pairs o f cu ltu red hippocampal neurons w ith  inh ib ito ry 
synaptic connections They found that depo lariza tion  o f  the 
postsynaptic neurons lead to DS I in app rox im ate ly  two-thirds 
o f the neuron pairs, and showed that th is  was due to inh ib ition 
o f G ABA  release. Those that exh ib ited  D S I. but not the 
others, proved to be sensitive to the C B , receptor agonist 
WIN55.2122. which m im icked the in h ib ito ry  effect o f DSI. 
Both DS I and the cannabinoid effect co u ld  be b locked by the 
C B , receptor antagonists AM-281 o r rim onabant 

Further support fo r the conc lu s ion  that a cannabinoid- 
mediated mechanism  underlies DSI cam e from  Varma et al 
(2001), who found that D S I was com p le te ly  absent in 
hippocampal s lice s prepared from C B , receptor knockout 
m ice (Ledent el al., 1999). Varma el al. (2001) a lso reported 
that agon ists which stim u la te  m etabotrop ic g lu tam ate (mG lu) 
receptors enhanced D S I, whereas the broad-spectrum antag­
on ist o f m G lu receptors, LY341495, tended to reduce DSI, 
suggesting  that g lutamate may also be in vo lv e d . In tere sting ly , 
Varm a et al. (2001) found that mG lu agon ists fa iled  to have 
any effec t on DSI in the CB| knockout an im a ls , suggesting 
that g lu tam ate acts to enhance the endocannabino id s igna l 

Retrograde s ign a llin g  by endocannabino ids is  not restric ted 
to the inh ib ito ry inputs to postsynaptic neurons. K re itzc r and 
R cgch r (2001a) showed that depo lariza tion  o f  rat ce rebe lla r 
P u rk in jc  c e lls  leads to a transient inh ib itio n  o f excita to ry

•
 inpu ts from para lle l fibre and c lim b in g  fib re inputs, a 
phenomenon described as depo larization- induced suppres­
s ion  o f  excitation (DSE). They found that D SE  was triggered 
by  C a2* in flux into the Purkin je ce lls , and co u ld  be com plete ly 
b lo cked  by the CB , antagonist AM-251, and m im icked and

occluded by the CB, receptor agonist WIN55.2122. Kreitzer 
and Rcgehr (20016) went on to show that inhibitory inputs to 
rat cerebellar Purkinje cells from basket cells and stellate 
cells were subject to DSI, and that this was also blocked by 
AM-251 and occluded by W1N55.2122. The DSE phenom­
enon in the cerebellum is also linked to mGlu receptors. 
Maejima et al. (2001) reported that mGlu agonists acting on 
mouse Purkinje cells mimicked DSE, and the effects could be 
blocked by C B t antagonists.

These fin d ings suggest that endocannabino ids are invo lved 
in the rapid m odu la tion  o f synuptic transm ission in CNS by a 
retrograde s ig n a llin g  system  that can in fluence synapses in a 
loca l region o f  some 40 pm diameter, causing inh ibitory 
e ffec ts on bo th exc ita to ry  and inh ib ito ry neurotransm itter 
re lease that persist fo r lens o f  seconds. Th is may p lay an 
important ro le  ' .e contro l o f  neural c ircu its , particu larly  in 
cerebe llum  i . h ippocampus (see below). Exogenously 
adm in istered T ’ ’C o r other cannabino ids cannot m im ic the 
ph ys io lo g ica l e ffec ts o f lo ca lly  re leased endocannabinoids. 
Since they cause long- lasting activation o f CB| receptors in 
a ll bra in reg ions, their o vera ll effect is  to cause a persistent 
inh ib ition o f  neuro transm itter re lease from those nerve 
term inals that express CB| receptors, and as a consequence 
they tem porarily  o cc lude and prevent the phenomena o f DSI 
and DSE .

Effects of cannabinoids on CNS function 
Psychomotor control
CB| receptors are expressed at particu la rly  h igh densities in 
the basa l gang lia  and ce rebe llum , so it is not surprising that 
cannabino ids have com p lex e ffec ts on psychomotor function 
(review ed by Rodriguez de Fonseca et al., 1998). One o f  the 
earliest reports o f the e ffec ts o f cannabis extracts in 
experim enta l an im a ls described the awkward swaying and 
ro llin g  ga it caused by the dm g in dogs, w ith periods o f intense 
a c tiv ity  provoked by ta c tile  o r audito ry s tim u li, and fo llow ed 
even tua lly  by  cata lepsy and sleep (D ixon , 1899). In rodents 
cannabino ids tend to have a triphasic e ffect. Thus in rats low 
doses o f TH C  (0.2 mg/kg) decreased locomotor ac tiv ity , 
w h ile  h igher doses (1-2 mg/kg) stim u la ted movements, and 
cata lepsy emerged at do ses o f  2.5 mg/kg (Sanudo-Pena el al., 
2000). S im ila r ly  in m ice , A dam s and M artin  (1996) described 
a 'popcorn e ffe c t' in an im a ls treated w ith  THC. Groups o f 
m ice are sedated by the drug , but w ill jum p  in response to 
aud ito ry or ta c tile  s t im u li, as they fa ll into other an imals these 
in turn jum p , re sem b ling  com  popping in a popcorn machine. 
In te re sting ly , the C B , receptor antagonist rimonabant s tim u ­
lated locom oto r a c tiv ity  in m ice , suggesting that there is tonic 
a c tiv ity  in the endocannabino id system  that contributes to the 
contro l o f spontaneous le ve ls  o f  a c tiv ity  (Compton et at.,
1996).

These e ffec ts o f cannab ino ids may be due, in pan , to 
actions at ce rebe lla r or str ia ta l receptors. Patel and H illa rd  
(2001) used tests o f spec ific  cerebe llar functions to show that



cannabinoids caused increased gait w id th  and the number o f 
slips on a bar cross test. DeSanty and D ar (2001) observed 
rotorod impairments in m ice after d irect in jection  o f synthetic 
cannabinoids into the ce rebe llum . These de fects were no 
longer seen in an imals pretreated w ith ce rebe lla r in jec tions o f 
an antisense o lgonucleo tide d irected to a sequence in the C B , 
receptor.

In human sub jects it is  a lso  po ss ib le  to demonstrate that 
cannabis causes im paired performance in test o f ba lance 
(Greenberg el al., 1994), or in te sts that requ ire fine 
psychomotor contro l, fo r example tra ck in g  a m oving point 
o f ligh t on a screen (Manno el al., 1970). Human cannabis 
users may also seek iso la tion  and rem ain im m ob ile  for long 
periods.

A number o f authors have attempted to combine what is 
known o f the ncuroanatom ical d is tr ib u tio n  o f the canna­
bino id system and the resu lts o f behav ioura l and electro- 
physio logical stud ies to speculate on the mechanism s 
underly ing cannabinoid modulation o f  psychomotor fun c­
tion (B rcivoge l and C h ilde rs , 1998; Sanudo-Pena et al., 
1999; G iu ffr ida et al., 20^0; E lph ick  and Egertova, 2001). 
The CB| receptor is expressed p a rticu la r ly  by  stria ta l 
GABAcrg ic medium-spiny pro jection neurons, and is 
abundant in regions con lan ing the axon term inals o f 
these ce lls  (globus p a llid u s , cn topcduncu la r nucleus and 

| substantia nigra re ticu la ta , and in axon co lla te ra ls feed ing 
"  back to medium-spiny pro jection neurons in striatum). C B , 

receptors arc a lso  abundant on the term ina ls o f glutama- 
tergic projection neurons from the sub tha lam ic nucleus to 
g lobus pa llidus , cn topcduncu la r nu c leu s and substantia 
nigra re ticu lata . Cannabinoids m ight thus be expected to 
inh ib it GABA re lease in str ia tum  and GABA  and 
glutamate release in the other nu c le i. Sanudo-Pena et al. 
(1999) suggested that the primary ro le  o f the endocanna­
bino id system  may be to inh ib it ton ic re lease o f g lu tam ate 
in the substantia n igra, regu la ting le v e ls  o f  basa l m otor 
ac tiv ity . Exogenous cannabino ids a lso  lead to decreased 
GABA release in substan tia n igra, w h ich  co u ld  lead to a 
d is inh ib ition  o f the inh ib ito ry  n igra l input to the tha lam o­
cortica l pathway, re su lting  in inh ib ition  o f movement. To 
what extent the e ffec ts o f  cannabino ids on motor function 
are due to actions in the ce rebe llum  remains unclear, 
a lthough as described above it is  l ik e ly  that e ffec ts on 
posture and balance are mediated in th is  brain region. A s 
described p rev iously , C B , receptors arc known to occur 
abundantly on nearly a ll o f the principal exc ita to ry  
(g lutam atcrg ic) and inh ib ito ry (G ABAerg ic) inputs to 
ce rebe lla r Purkin je ce lls .

The resu lts o f e lim ina tin g  the expression o f C B , receptors 
in knockout m ice have y ie ld ed  co n flic tin g  resu lts . The 
knockout an imals s tud ied by Z im m er et al. (1999) d isp layed 
reduced le ve ls  o f basa l a c tiv ity , in support o f the hypothesis 
p u l forward by Sanudo-Pena et al. (1999), suggesting that 
tonic activa tion o f  C B , receptors promotes movement. 
However, the CB , knockout an imals s tud ied  by Ledent et al.
(1999) showed no change in spontaneous a c tiv ity , and in

some tests they exh ib ited  increased motor ac tiv ity . Th is is  in 
lin e  a lso w ith  the observa tion s o f Compton e ta l. (1996) that 
the CB| antagon ist SR  141716 caused an increase in 
locomotor a c tiv ity . The reasons fo r the discrepant find ings 
in d iffe ren t stra ins o f C B , knockout m ice are unknown. 
C lea rly , there is  as yet on ly  a poor understanding o f the 
actions o f  cannabino ids in the basa l gang lia and cerebe llum  
In teractions w ith other chem ica l s ig n a llin g  system s in the 
]> t in  arc lik e ly  to be important G iu ffr id a  et a l (1999) 
showed, fo r exam p le , that dopam ine D2 receptor agonists 
caused an increase in anandam ide synthesis and release in 
stria tum . D cadw y le r et al. (1995) de scribed Ihe convergence 
o f  m u ltip le  presynaptic contro ls on the term inals o f granu le 
c e lls  in ce rebe llum . In add ition to  the CB| receptor, these 
term ina ls a lso express h igh den sitie s o f kappa op io id , 
adenosine A , and GABA-B receptors, a ll o f which are 
coup led through a s im ila r Gi/o type G-protein lo  inh ib it 
adenylate cyc la se  and are capable o f inh ib iting g lu tam ate 
re lease. Such com p lex itie s are lik e ly  to prove the norm.

There is  anecdotal ev idence that cannabis can re lie ve  
m usc le pain and sp a s tic ity  in patients su ffe ring  from m u ltip le  
sc le ro sis (Consroe et al., 1996). Experim en ta l data obta ined 
by Baker et al (2000) in an an im a l model o f m u ltip le 
sc le ro sis appears to  support such c la im s. M ice im m un ized 
w ilh  m ye lin  an tigens deve lop  sp astic ity  and tremor. Both 
sym ptom s were am e lio ra ted  by adm in istra tion o f cannab i­
no ids, and the sym p tom s were exacerbated by rimonabant, 
suggesting the in vo lv em en t o f CB| receptors and tonic 
a c tiv ity  in the endocannabino id system . Contro lled c lin ica l 
tr ia ls  o f cannabis-based m ed ic ines for the treatment o f  
m u ltip le  sc le ro sis are cu rren tly  under way.
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Cannabinoid mechanisms in the hippocampus 
and effects on memory
One o f the w e ll e s tab lish ed  effec ts o f  acute in toxica tion w ith 
cannabis in man is an impairment o f  short-term memory (the 
ex ten s ive  litera ture on human stud ie s is reviewed by Jones, 
1978; M ille r  and B ranconn icr, 1983; So low ij, 1998; 
E a rleyw ine . 2002). M any stud ies have shown sign ifican t 
e ffec ts on short-term m em ory, particu la r ly  when tests were 
used that depend h e a v ily  on attention (Abel, 1971; 
M endclson  et al., 1976). A n im a l stud ies have a lso found 
that THC, syn thetic cannab ino ids and anandam ide cause 
d e fic its  in short-term memory in spatia l learning tasks (for a 
re v iew  see Hampson and D eadw y le r, 1999). These inc lude 
de layed  m atch ing o r non-matching tests in rodents (M a lle t 
and Ben inger, 1998; Hampson and Dead w y le r, 1999), 
performance in a ra d ia l arm maze (S tig lick  and Kalant, 
1985; L ich tm an and M artin , 1996), and a fixed ra tio  food 
acqu is it ion  task in squ irre l m onkeys (Nakamura-Palacios 
et al., 2000). The e ffe c ts  o f both cannabino ids (L ichtman and 
M artin , 1996) and anandam ide (M a lle t and Beninger, 1998) 
were reversed by rim onabant, in d ica ting  that they are 
m ed ia ted b y  the C B , receptor.



A probable site fo r these e ffe c ts  is the hippocampus 
Hampson and D eadw y ler (1999) c la im ed  that the e ffec ts o f 
the treatment of rats w ith  cannabino ids on short-term memory 
in  a de layed non-matching to sample test were equiva len t to 
the e ffec ts seen after su rg ica l removal o f the hippocampus. In 
each case the animals were unable to  segregate information 
between tria ls  in the task because o f d isrup tions to (he 
processing o f sensory information in hippocampal c ircu its  
CB| receptors are expressed at h igh densities in the 
hippocampus They are particu larly  abundant on the tcrm in 
a ls o f  a sub-set o f G A B  A crg ic basket c e ll intcmeurons, which 
a lso  contain the neuropeptide cho lecystok in in  (Katona et al.,
1999), and this is a lso  the case in human hippocampus 
(Katona et til., 2000) These are presum ab ly the GABAerg ic 
neurons invo lved in the cndocannabinoid-mediated DSI 
phenomenon described above. The term ina ls o f these ce lls  
surround large pyram ida l neuron somata in the CA1-CA4 
fie ld s. GA.' Acrgic neurons in the dentate gyru s also express 
CB| receptors, w ith term ina ls concentrated at the boundary o f 
the m olecu lar and granu le  ce ll layers (Egertova and E lph ick .
2000). In addition CB| receptors are expressed, at a lower 
le ve l, in the g lu iam ate rg ic pyram idal c e lls  and their term inals. 
C annabinoids can thus inh ib it both the release o f GABA  and 
glu tam ate in hippocampal c ircu its.

The mechanisms underly ing  synaptic p la stic ity  have been 
stud ied more in tense ly in the hippocampus than in any other 
brain region. In particu lar, the e lcc trophys io log ica l phenom­
ena o f  long-term potentiation (LTP) and long-term depression 
(LTD) are thought to be in vo lved in  memory formation at 
g iu tam atcrg ic synapses in the hippocampus. A number o f 
stud ies have shown c lea rly  that cannab ino ids inh ib it the 
induction o f  both LTP  and LTD  (for re v iew  see E lph ick and 
Egertova , 2001). Cannab ino ids appear to work by reducing 
g lu tam ate release be low  the leve l needed to activate NM DA 
receptors, a requirement for LTP and LTD  (Shcn et al., 1996; 
M isn cr and S u llivan , 1999), A lthough the actions o f 
cannabino ids in reduc ing GABA  re lease from hippocampal 
in tcm eurons m ight have been expected to increase the leve l 
o f e x c ita b ility  o f hippocampal pyram ida l ce lls , it seems that 
the cannabinoid- induecd reduction in g lutamate release 
predom inates. The adm in istra tion o f exogenous cannabinoids 
is, o f  course, w ho lly  unphysio log ica l and cannot m im ic the 
e ffec ts o f  endocabinno ids that arc re leased in discrete loca l 
reg ions in response to particu lar patterns o f afferent inputs. 
CB| receptors are capab le o f regu la ting  both inh ib ito ry and 
exc ita to ry  neuro transm itter re lease in  the hippocampus and 
are thus capable o f su b tle  contro l o f synap tic p la stic ity . The 
CB |-containing G A Berg ic in tcm eurons arc thought to contro l 
o sc illa to ry  e lec trica l a c tiv ity  in the hippocampus in the thcta 
and gamma frequencies, which p lays a ro le in synchron izing 
pyram ida l c e ll a c tiv ity  (Hoffman and Lup ica , 2000). CB| 
agon ists decrease the power o f such o sc illa tion s in hippo­
campal s lice s  (Hajos e t al., 2000) and m ay thus in fluence th^ 
synchronous ac tiv ity  o f  pyram idal c e lls . The physio log ica l 
importance o f cannabinoid-mediated D S I may be to decrease 
G A BA erg ic  inh ib ition  o f these c e lls  and thus fac ilita te

learn ing when hippocampal inputs are active (W ilson and 
N ico ll. 2001).

One approach to answering the question o f  what ro le the 
tonic release o f endocannabino ids may play in hippocampal 
function has been to exam ine the e ffec ts o f CB| receptor 
knockout or o f  se lec tive  C B t receptor antagonists. Un­
fortunate ly, these stud ies have so fa r y ie ld ed  conflicting 
resu lts. Bohme et al. (2000) reported a sign ifican t enhance 
mcnt o f LTP  in C B t knockout m ice , and Reibaud et al. (1999) 
found a sign ifican t enhancement o f memory in such animals. 
H owever, tests w ith the CB| antagon ist rimonabant showed 
no e ffec ts on LTP  (Terranova et al., 1995) or on learning and 
memory in a spatia l learn ing task (M a lle t and Beninger,
1998), a lthough Terranova et al (1996) reported that 
rimonabant enhanced m em ory in a short-term o lfacto ry 
memory test in  rats (socia l recogn ition test).

Cannabinoids and ihe neocortex 
Like other in tox ican t drugs cannabis causes profound 
changes in a va rie ty  o f  higher bra in functions. The literature 
on the acute e ffec ts o f  the drug in human sub jec ts is large, and 
can on ly  be rum m arized here (fo r rev iew s see Jones, 1978, 
So low ij, 1998; Iversen , 2000; Earleyw ine, 2002). The 
d is tr ibu tion  o f CB| receptors in the neocortex has been 
described in de ta il (Herkenham et al., 1991; Egertova and 
E lph ick . ,,000). As in the hippocampus, the m ajority o f 
co rtica l im crncurons expressing high le ve ls  o f CB| receptor 
arc G A B A erg ic  ce lls , w h ich a lso  express cho lecystok in in  
(M arsicano and Lu tz , 1999). C B t-positivc term inals are 
concentrated in layers I I—HI and layers V -V I, w ilh  few  in 
layers I or IV . D esp ite the obvious importance o f the 
abundant CB| receptors in the neocortex there have so far 
been few  e lec trophys io log ica l stud ies o f their effects on 
neural a c tiv ity .

The ea rlie r litera ture , how ever, contains severa l reports o f 
the e ffec ts o f acute and ch ron ic cannabis use on EEG  ac tiv ity , 
both in man and an im a ls (review ed by Adam s and M artin , 
1996; S o low ij, 1998). M ost stud ie s in man have observed 
changes consistent w ith  a s la te o f  drowsiness, w ith  increases 
in re la tiv e  and abso lu te a  power pa rticu la r ly  in frontal 
regions o f cortex . In contrast, the CB| antagonist rimonabant 
was shown to induce EEG  changes characteristic o f  arousal in 
rats, and increased the tim e spent in w akefu lness as opposed 
to sleep (Santucci et al., 1996). M echou lam  et al. (1997) have 
suggested that anandam ide may p lay a ro le in the control o f 
the s leep-wak ing cyc le .

S tud ie s o f the e ffec ts o f cannabis on perceptual ab ilitie s 
have y ie ld ed  a va rie ty o f often con flic ting  resu lts. W h ile users 
often report a sub je c tive  enhancement o f v isua l and auditory 
perception, sometim es w ith  synesthesia (sounds take on 
v isu a l co lo u rfu l qua lit ie s), laboratory stud ies have usua lly  not 
shown marked changes in  v isua l or audito ry perception. One 
sub jec tive  e ffe c t that has been confirm ed is the sensation that 
cannabis users experience lim e as passing more q u ic k ly  
re la tive  to real tim e. In  labo ra to ry tests sub jects overestim ate



the amount o f elapsed tim e when asked to estim ate, ot 
produce shorter than required in terva ls when asked to signa l a 
period o f elapsed tim e (H icks et al., 1984; M athew  et al.,
1998) Th is curious effec t can a lso be seen in rats tra ined to 
respond fo r food reward u s ing  a f ix ed  in te rva l schedule. 
When treated w ith TH C  or W1N55.2I22 the an im als short­
ened their response in te rva l, vthcreas the antagonist rimona­
bant lengthened th is in te rva l (Han and Robinson , 2001).

There have been many stud ies o f the acute and chronic 
e ffec ts o f cannabis on human cogn itive  function  (Jones, 1978; 
So low ij, 1998; Earleyw ine , 2002). Perform ance on a varie ty 
o f tests o f cogn itive function is  im pa ired by the drug, bu t by 
comparison w ith  a lcoho l the effects o f  cannabis are sub tle . 
W hereas even moderate doses o f a lcoho l, for example, im pair 
reaction tim e, most stud ies w ith  cannabis have fa ile d  to show 
consistent e ffec ts on measures o f  s im p le  reaction tim e Thus 
the d rug 's  a b ility  to d isrup t cogn itive  function cannot be due 
to an in ab ility  to respond promptly. Am ong the impairm ents 
o f co gn itive  function that have been observed in m any, but 
not a ll, human stud ie s arc; decreased a b ility  to inh ib it 
responses, decreased v ig ilan ce , e sp e c ia lly  for long and boring 
tasks, decreased ab ility  to perform  com plex mental arithm etic 
and impairm ents in tests o f com plex reaction tim es. On the 
other hand, in toxicated sub jec ts can perform  sim p le a r ith ­
metic, leam  sim p le lis ts  o f words and reca ll memories la id  

I  down earlier.
O ther stud ie s have addressed the question o f whether more 

severe de fic its  in co gn itive  function m igh t deve lop in chron ic 
heavy users o f  cannabis, or in an im a ls treated for prolonged 
periods w ith the drug. The human stud ie s are fraught w ith 
d if f icu lt ie s , as described in de ta il by  Ea rleyw ine (2002). 
Among the con found ing factors in human stud ie s are that 
comparisons have to be made between groups o f  drug users 
versus non-users, but it is u sua lly  im possib le to compare the 
base line performance o f  these groups p rio r to cannabis use to 
sec i f  they are properly matched. S ta tis tica l an a lys is  o f such 
data has often been poor, common ?rrors be ing the use o f  so 
many d iffe ren t tests that the lik e lih ood  o f find ing some 
s ign ifican t d iffe rences is increased, or the use o f inadequate 
sample s ize s . O ther d rug  use can also confound the data. 
R esu lts have been very va riab le . Some stud ies in long-term 
very heavy users o f cannab is (10-20 jo in ts  per day for more 
than 10 years) in Jamaica (Bowman and P ih l, 1973) and Costa 
R ica (Satz et a l., 1976) fa iled  to show  any s ign ifican t 
d iffe rence between users ve rsus non-users using a battery o f 
test assessm ents o f  co gn itive  function , and s im ila r negative 
resu lts were reported in some stud ies o f US co llege students 
(E arleyw ine , 2002). H owever, most reports have shown that 
there arc de fic its in the performance o f com plex cogn iti vc tasks 
in long-term cannabis users, although there is  lit t le  ev idence 
that these are q u a lita t iv e ly  or quan tita tive ly  more severe than 
those seen after acute use o f the drug (Ear leyw ine , 2002).

Even more con tro versia l is the question o f whether long­
term  cannab is use can cause irrevers ib le  d e fic its  in h igher brain 
function  that persists a fte r drug use stops. M any stud ies have 
su ffe red  from  poor design . It is not su ffic ien t to iden tify  a group

o f cannabis users and s im p ly  to test them after stopping 
cannabis use. Pope et al. (2001), for example, recruited 63 
current heavy users, who had smoked cannabis at least 5000 
times in their liv e s , and 72 contro l sub jec ts . Sub jects under­
went a 28-day washout from  cannabis use, monitored by urine 
assays A t days 0,1 and 7 the heavy users score ’ “:~*uficantly 
be low  contro l su b je c ts  on a battery o f neu rop s jtho log ica i 
tests, particu la r ly  in reca ll o f  word lis ts  However, by  day 28 
there were v ir tu a lly  no d iffe rences between the groups on any 
o f  the test re su lts , and no s ign ifican t association between 
cum u la tive  life tim e cannabis use and test scores. The fact that 
drug-induced e ffec ts on cogn itive  performance can persist for 
up to a week afte r stopping the d rug  (perhaps because o f the 
persistence o f TH C  in the body , or because o f  a subtle 
w ithdraw a l syndrome) means that many ea rlie r stud ies that d id  
not a llo w  a su ff ic ien tly  long washout period may be in va lid . On 
the other hand, some w e ll designed stud ie s have shown subtle 
persistent co gn itive  de fic its  in ex-cannabis users. So low ij
(1998) recru ited a group o f people who had used cannabis 
re gu la r ly  for at least 5 years but who had stopped on average 2 
years before the experiment The sub jec ts were g iven a very 
d if f ic u lt task. They had to listen to a series o f tones, sornc in the 
righ t car some in the le ft; the tones were long or short (but 
d iffe r in g  by on ly  51 ms) and high or low  pitch (but d iffe ring  
ve ry litt le ) . Partic ipants had to press a button as fast as possib le 
in response to longer tones o f a spec ified pitch in the correct 
ear. P revious research using this paradigm  showed that current 
regu la r cannabis users had d if f ic u lty  in d iscrim ina ting  between 
the tones. M easurem ents o f event-related potentials a lso  
revea led  sm a ll but s ign ifican t abnorm alities in the P3CK) 
w ave (So low ij, 1998) The ex-users continued to make 
s ign ifican t errors in the d iscrim ina tion  task, but they showed 
norm al P300 waves. The conclusion  o f these and many other 
s tud ie s in ex-users seems to be that regu la r cannabis use can 
cause sm a ll but s ign ifican t im pairm ents in cogn itive function 
that may persist a fte r drug use stops. Such impairments appear 
to be associated w ith  long-term heavy use o f the drug and are 
u n lik e ly  to affec t most recreational users.
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Effects o f  cannabinoids on hypothalamic 
control o f appetite
M any sub jec tive  reports suggest that cannabis in toxication is  
associa ted w ith an increased appetite, particu larly for sweet 
foods, even in sub jec ts who were p rev iously  satiated. Th is 
e ffec t can be confirm ed under laboratory conditions 
(H o llis te r, 1971; M attes et a l , 1994), although resu lts from 
s tud ie s  in human sub jec ts have tended to be variab le , perhaps 
because the increased appetite is focused on certain types o f 
food. N everthe less, con tro lled c lin ic a l tria ls showed that THC 
(dronab ino l) had s ign ifican t benefic ia l e ffec ts in counteract­
ing  the lo ss o f appetite and reduction in body weight in 
patients su ffe ring  from  the A IDS-related wasting syndrome 
(Bea l et a i ,  1995), and th is is  one o f  the medical ind ications 
fo r which the d rug has o ff ic ia l approval in the USA.
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THC also  stim ulates food intake in  experim en ta l an im a ls, 
and again the effect is spec ific  fee high-fat or sweet high-fat 
diets, and is not seen in an im a ls o ffe red standard rat chow 
(Koch, 2001). The endocannabino id anandam ide a lso  s tim u­
lates food intake in rats, and the e ffe c t is b locked by 
rimonabant (W illiam s and K irkham , 1999). C onverse ly the 
CB , antagonist rimonabant g iven on its own suppressed food 
ntake and led to reduced body weigh t in adu lt non-obcse rats 

(Colombo ct al., 1998). These resu lts suggest that cannab i­
noids may p lay a ro le in the regu la tion o f  food intake and 
body w eigh t (Mechoulam  and F ride , 2001). A  possib le 
reciprocal lin k between endocannabino id mechanism s and 
the appetite-suppressing hormone lep tin w as suggested by D i 
M arzo et al. (2001a). They found that food-deprived CB| 
receptor knockout m ice eat less than th e ir w ild  type litte r 
mates, and the CB , antagon ist r  monabant rc d rc c d  food 
intake in the wild-type an im a ls bu t not in the knockouts. 
An im a ls w ith de fective leptin s ig n a llin g  (obese Jb/db or 
ob/ob m ice and Zucker rats) exh ib ited e leva ted  hypotha lam ic 
leve ls o f anandam ide and 2-AG. On the other hand, treatment 
o f normal rats or ob/ob (leptin de fic ien t) m ice w ith  leptin 
caused decreases in hypotha lam ic le ve ls  o f the endocanna- 
bino ids These findings suggest that hypotha lam ic endocan­
nabinoids may play an important ro le in r e d ia l in g  the 
appetite-suppressant e ffec ts o f lep tin A t some stages during 
development these e ffec ts o f endocannabino ids m ay be o f 
critica l importance. F ride et al. (2001) found that adm in is­
tration o f the CB , antagonist rimonabant to ncw-bom mouse 
pups had a devastating e ffec t in decreasing m ilk  ingestion and 
growth, continuing treatment w ith the an tagon ist led to death 
w ith in 4-8 days. The e ffec t o f rim onabant cou ld  be almost 
fu l ly  reversed by co adm in istering THC.

Cannabinoids as anti-emetic agents
The a b ility  o f THC and the syn thetic cannabino id nabilone to 
contro l the nausea and vom iting associa ted w ith  cancer 
chemotherapy is one o f the few  w e ll docum ented m edical 
app lications for these drugs (for re v iew s o f  the con tro ll ; 
c lin ica l tr ia ls  sec V incent et al., 1983; B ritish  M ed ica l 
A ssocia tion , 1997; Joy et al 1999; and the mcta-analysis 
reported by Tramer el a l , 2001). TH C  (dronabino l) and 
nabilone were approved for m ed ica l use in the USA , although 
neither d rug has found much u t i lity . The narrow w indow  
between the anti-emetic dose and that causing unwanted 
psych ic e ffec ts made these drugs d if f ic u lt  to use The advent 
o f  sero tonin 5-HTi receptor an tagon ists as new and more 
powerfu l anti-emetic d rugs that were free o f unwanted 
psych ic e ffec ts during the 1980s a lso  made the cannabino ids 
less a ttractive .

S tud ies in experim enta l an im als have confirm ed that the 
anti-emetic e ffec ts o f cannabinoids are m ediated through CB| 
receptors (Darmani, 2002), and in some suscep tib le  species 
(e.g. the least shrew) the CB , an tagon ist rimonabant is 
em etic , an effect that can be b locked by TH C  or WIN55.2122 
(Darm ani, 2001).

Cannabinoids and pain
Cannabis was w id e ly  used in 19th century m ed ic ine for pain 
re lie f and there is renewed interest in cannabis-based 
m edicines, w ith  pain as one o f  the key therapeutic targets 
(British M ed ic a l A ssoc ia tion , 1997; Joy et al., 1999). 
Endogenous cannabino ids and cannabinoid receptors ex ist 
at various le v e ls  in the pain pathways, from  peripheral 
sensory nerve end ings to sp inal cord and suprasp ina l centres, 
in a system  that is para lle l to but d is tin c t from  that in vo lv in g 
endorphins and op iate receptors.

S y stem ica lly  adm in istered TH C  and syn thetic cannabi­
no ids have anti-nocicep ve and anti-hvperalgesic effects in a 
va rie ty  o f an im a l models o f acute and in flammatory pain (for 
rev iew s see Pertwee, 2.001; Iversen  and Chapman, 2002). 
S ince cannab ino ids inh ib it motor ac tiv ity  th is cou ld prevent 
an im als from  exh ib itin g  the normal behavioura l reactions in 
analgesic tests; however, a num ber o f  stud ies have also shown 
that cannabino ids suppress e lec trophysio log ica l responses o f 
sp inal cord neurons to noxious stim u la tion , and b lo ck  spinal 
c-fos expression in response to such stim u la tion (W alker 
et al., 1999; Pertwee, 2001; Iversen  and Chapman, 2002). 
Cannabinoids and anandam ide a lso  excn  anti-nociceptive 
e ffec ts in an im a l models o f in flam m atory pain when in jected 
d irec tly  in to sp ina l cord, bra in  stem  or thalam us (Pertwee,
2001). B ehav ioura l stud ies have shown that cannabinoids 
reduce thermal and m echanical a llo dyn ia  in rat models o f 
neuropathic pain (H crzberg et al., 1997; Fox et al.. 2001, 
Iversen  and Chapman, 2002). Furthermore, noxious s tim u la ­
tion evoked an increased release o f anandam ide in the 
periaqueducta l g rey region o f  brainstem , a key site for 
m odulating nocicep tive in form ation (W alker ct al., 1999). 
The anti-nociceptive e ffec ts o f cannabino ids are blocked by 
the CB| an tagon ist rimonabant, but the antagonist its e lf  does 
not alter basa l pain thresho lds, suggesting that these are not 
contro lled by tonic a c tiv ity  in the endocannabino id system 
(Compton et al., 1996).

Resu lts ob ta ined w ith C B , receptor knockout m ice, 
however, suggest that not a ll o f  the anti-nociceptive effects 
o f THC or anandam ide are m ediated v ia  CB , receptors. Thus, 
although D i M arzo  et al. (2000) found that the anti­
nocicep tive e ffec ts o f TH C  were v ir tu a lly  absent in the 
knockout an im a ls, anandam ide continued to show analgesic 
a c tiv ity  in the hot-plate test. It is possib le that the analgesic 
e ffec ts o f anandam ide are m ed iated in part through an action 
at other as yet ill-defined cannabino id receptors (Breivogc) 
ct al., 2001; Hajos et al., 2001). A lte rn a tive ly , it has been 
proposed that the e ffec ts o f  anandam ide m ight be mediated 
through its a b ility  to b ind to the van illo id  VR1 receptor, 
w h ich is present in prim ary afferent nccrons and known to 
p lay an important ro le in nocicep tive responses (Di M arzo 
et al., 2001 b). To com p licate matters further, Z im m er et al.
(1999), in a d iffe ren t strain o f C B , receptor knockout m ice, 
found that THC continued to exert some anti-nociccptivc 
actions in hot-plate and fo rm a lin  tests in the knockout 
an im als. The reasons for the discrepant resu lts obta ined
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with d ifferent strains o f  CB| receptor knockout m ice are 
unknown

There is ev idence fo r an in teraction between cannabinoid 
and op io id mechanism s. In  tests o f  acute pain (Fucntes el al.,
1999) and chron ir  in flam m atory pain (W elch  and Stevens, 
1992; Sm ith et al., 1998) TH C  and morphine acted 
syne rg ica lly— one potentiated the anti-nociccptive actions 
o f the other. Th is potentiation co u ld  be b locked by either 
rimonabant or by na loxone, in d ica tin g  that both CB| and 
opiate receptors were in vo lved  (Fuentes et al., 1999). M eng 
et al. (1998) showed that temporary inac tiva tion  o f neural 
a c tiv ity  in the rostra l ven trom ed ia l m edu lla  (RVM ) in rat 
brainstem  prevented the ana lgesic e ffec ts o f sys tem ica lly  
adm in istered cannabino ids, w h ile  leav ing their effec ts on 
motor ac tiv ity  unaffected . An c lec trophys io lo g ica l ana lys is o f 
the e ffec ts o f cannab ino ids on s in g le  c e ll firing patterns in 
R V M  revealed that the effec ts o f  cannab ino ids were s im ila r to 
those e lic ited  by morphine. The authors concluded that 
cannabinoids may produce analgesia through activation o f a 
brainstem  c ircu ii that is  a lso  requ ired fo r opiate analgesia, 
a lthough the two mechanism s are pharm aco log ica lly  d istinct.

Basic research into the ro le o f  cannabino ids and endocan­
nab ino ids in pain mechanism s is  p rogressing rap id ly . C lin ica l 
progress, however, has been s low . A meta-analysis o f c lin ica l 
tr ia ls  o f cannabino ids as ana lges ics concluded that there was 
not enough ev idence to ju s t i fy  their use in th is indication 
(Campbell eta l., 2001). However, th is m ay merely re flect the 
pauc ity  o f data from  adequate ly  s ized  con tro lled c lin ica l 
tr ia ls , and cannabis-based m ed ic ines may yet find genuine 
m ed ica l applications in th is fie ld .

Cannabis as an intoxicant and drug of 
dependence 
Cannabis intoxication
Despite being ille g a l, cannabis is one o f the most w id e ly  used 
in toxicants; almost h a lf  o f a ll 18 year o ld s in the USA and in 
most European countries adm it to having tried it at least once, 
and -10% of that age group are regu la r users (Iversen , 2000). 
There have been many sub je c tive  accounts o f the cannabis 
‘h igh ’ (see Iversen , 2000; Ea rleyw ine , 2002). The experience 
is h igh ly  variab le , depending on the dose o f drug , the 
environment and the experience and expectations o f the drug 
pser. A  typ ica l ‘h igh ’ is  preceded in it ia lly  hy a transient stage 
o f t in g lin g  sensations fe lt in the body and head accompanied 
by a fee ling o f d izz in e ss  or ligh thcadedness. The ’h igh ’ is a 
com plex experience, characterized by a qu icken ing o f mental 
associations and a sharpened sense o f  hum oui, sometimes 
described as a state o f ’fatuous euphoria ’ . The user fee ls 
re laxed and ca lm , in a d ream like state d isconnected from real 
w o rld  The in tox ica ted sub jec t often has d if f ic u lty  in carry ing 
on a coherent conversation , and may d r ift into daydream s and 
fan tasies. D row siness and s leep may even tua lly  ensue. The 
fee lin g s o f he ightened perception, increased appetite and 
d is to rtion  o f the sense o f  tim e have a lready been referred to.

A su rvey o f  1333 young r ii . t ish  cannabis users (Atha and 
B lanchard. 1997) reported that ’he most common positive 
benefits reported were re laxa tion and re lie f from  stress 
(25.6%), insight/personal developm ent (8.7%) and euphoria 
(4.9%); more than h a lf reported some positive benefits. But 
21% o f the users a lso  attribu ted some adverse effec ts to 
cannabis use, in c lud in g  impaired memory (6.1%), paranoia 
(5.6%) and amotivation/laziness (4.8%).

A s w ith other in toxican t drugs, lit t le  is known about the 
brain mechanism s that underlie the cann-bis ’h igh ’ . The 
in toxicant e ffec ts are c le a r ly  mediated v ia  CB| receptors 
Huestis et al. (2001) carried out a w e ll contro lled study in 63 
healthy cannabis users, who rece ived either rimonabant or 
p lacebo and smoked c ither a THC-containing or placebo 
marijuana cigarette. The CB| antagonist b locked the acute 
p sycho log ica l e ffec ts o f the ac tive cigarettes. In teresting ly 
rimonabant its e lf  when g iven  alone (w ilh  placebo cigarette) 
produced no sign ifican t p sycho log ica l e ffec ts M athew  el al 
(1997) used H2lsO and PET  to measure changes in regional 
cerebra l b lood flow  in a doub le b linded  study in 32 vo lunteers 
comparing THC w ith placebo S e lf ra tings o f cannabis 
in toxica tion correlated most m arked ly w ith increased blood 
flow  in the right frontal region.

Endocannabinoids and CB| receptors are present in many 
regions o f the lim b ic  fo rcbra in . Fo r example, Katona ct al. 
(2001) reported that CB| receptors were expressed in high 
densities in lateral and basa l nucle i in the rat amygdala. As in 
hippocampus, the C B j receptors in these regions were located 
p rcsynap tica lly  on the term inals o f  cholccystokinin-contain- 
ing G A BA erg ic in temeurons. E lec trophys io log ica l experi­
ments showed that cannabino ids modulated GABAerg ic 
synaptic transm ission. The authors suggested that such effects 
m ight underlie some o f  the actions o f cannabinoids on 
emotional behaviour. O tncr experim ents have revealed that, 
in common w ith other euphoriant drugs, THC se lec tive ly  
activates dopam inerg ic neurons in the ventral tegmental area. 
In  an e lec trophysio log ica l study French et al. (1997) reported 
that low  doses o f iC  increased the firing o f these ce lls . 
Tanda et al. (19, ’7 1 used m ic ro d ia ly s is  pro’- s to show  that 
low  doses o f THC (0.15 mL/kg in travenously) caused an 
increased re lease o f  dopam ine from  the shell region o f the 
nucleus accumbens, an effec t that is also seen after adm in 
istration o f heroin, coca ine , d-amphctaminc and nicotine. 
Tanda et al. (1997) found that the increased re lease o f 
dopam ine provoked by THC cou ld  be blocked by adm in is­
tration o f the p-opiatc receptor antagonist naloxonazine, 
suggesting the invo lvem en t o f  an op io id mechanism .

T o leran ce  a n d  d ep en d en ce
M any an im al stud ies have shown that tolerance develops to 
most o f the behavioura l and physio log ica l effec ts o f THC (for 
re v iew  see Pertwee, 1991). The earlie r c lin ica l literature 
suggested that to lerance a lso  occurs after repeated adm in is­
tration o f THC in man, although many o f these stud ie s were 
poorly contro lled (fo r rev iew s sec Jones, 1978, 1987;
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H ollister, 1986). But fo r m any years cannabis w as not 
considered lo  be a drug o f add iction . W ith d raw a l o f the drug 
a id  not lead to any ob v io u s phys ica l w ithdraw a l symptoms 
cither in people or in an im a ls, and an im a ls fa iled to self- 
adm in ister the drug, a behav iour u su a lly  associated w ith 
drugs o f  addiction 

A ttitudes have changed n .a rked ly  in recent years The DSM- 
IV  (American P sych ia tric A ssoc ia tio n , 1994) defines ‘sub­
stance dependence' and ‘substance abuse' rath :r than ‘add ic ­
tion’ . When the DSM-IV crite ria  are app lied to populations o f 
regular cannabis users su rp ris in g ly  h igh  proportions appear to 
be positive  ̂ v hese de fin itions. Sw ift et al. (2001) undertook a 
survey o f lo  641 Austra lian s aged 18 years and older. They 
rc irted tha, almost one-third o f  regu la r cannabis use 's fe ll 
w ith in the iefin itions o f ‘substance abu se ’ (10.7%) or ‘sub ­
stance dep ndcnce’ (21%>). In the USA . Anthony etal. (1994) 
reported Ue resu lts obta ined from  a large sca le  survey which 
indicated that some 46% o f  those in te rv iew ed  had ever used 
cannabis and 9% o f users became dependent. More ca re fu lly  
contro lled stud ies have a lso  shown that a re lia b le  and c lin ic a lly  
sign ificant w ithdrawal syndrom e does o ccu r in human canna­
bis users when the drug is w ithdrawn . The symptom s in c lude 
crav ing for cannabis, decreased appetite, s le ep  d if fic u lty  and 
weight loss, and may som etim es be accom pan ied by anger, 
aggression, increased ir r ita b ility , re stlessness and strange 
dreams (Budney et at., 2001).

The ex istence o f dependence on cannab ino ids in an im als is 
also much more c lea rly  ob se rvab le  because o f  the a va ila b ility  
o f CB | receptor antagonist d rugs that can be used to precip itate 
w ithdrawal. Thus, A ccto et al. (1996) de scribed a behavioural 
w ithdrawal syndrome precip ita ted by rim onabant in rats 
treated fo i on ly  4 days w ith  doses o f TH C  as low  as 0.5-4.0 
mg/kg per day . The syndrom e in c luded  scratch ing , face 
rubbing, lic k in g , wet dog shakes, arched back and p tosis—  
many o f the same signs are seen in rats undergo ing opiate 
w ithdrawal. S im ila r w ith draw a l s igns co u ld  be e lic ited  by 
rimonabant in rats treated ch ron ica lly  w ith  the synthetic 
cannabinoids CP-55,940 (Rub ino et al., 1998) o r WIN55.2122 
(Accto et al., 2001) R imonabant-induced w ith draw a l after 2 
weeks o f treatment o f rats w ith  the cannab ino id HU-120 was 
accompanied by marked e le va tion s o f re lease o f  the stress- 
related neuropeptide cortico trop in-re leasing facto r in the 
am ygdala, a resu lt also seen in an im als undergo ing heroin 
w ithdrawal (Rodriguez de Fonseca et al., 1997). An e lec tro ­
physio log ica l study showed that precip ita ted w ithdraw a l was 
a lso  associated w ith reduced fir ing o f dopam ine neurons in the 
ventra l tegmental area o f rat brain (D iana et at., 1998). These 
data indicate c le a r ly  that ch ron ic adm in is tra tion  o f cannabi­
no ids leads to adaptive changes in the bra in , som e o f  which are 
s im ila r to those seen w ith other drugs o f dependence. The 
a b ility  o f THC to cause a se le c tive  release o f dopam ine from 
the nucleus accum bcns (Tanda et al., 1997) a lso  suggests some 
im ila rity  between THC and other drugs in th is  category.

Furthermore, although many ea rlie r a l.em p ts tc obtain 
re lia b le  se lf-adm in istration behav iour w ith TH C  were unsuc­
ce ss fu l (Pertwee, 1991), som e success has been achieved

recen tly . Squ irre l m onkeys w ere trained to sclf-adm inister low  
doses o f THC (2 pg/kg per in jec tion ), bu t on ly after the ani mals 
had first been tra ined to  se lf-adm in iste r cocaine (Tanda et al.,
2000). THC is d if f ic u lt  to adm in is te r in travenously  and these 
authors succeeded perhaps in part because they succeeded in 
de live r in g  the drug in tra venous ly  in doses comparable to those 
to which human cannab is users ore exposed. The potent 
synthetic cannab ino ids are fa r more water so lub le  than THC. 
which makes in travenous adm in istra tion  cas;er. M ice cou ld be 
trained t^ se lf-adm in iste r in travenous W IN" 5,2122, but CB| 
receptoi Knockout an im a ls fa ile d  to exh ib it th is behaviour 
(Lcdent el al., 1999). A no ther way o f  demonstrating the 
rew ard ing e ffec ts o f  d rugs in  an im a ls is the conditioned place 
preference paradigm , in wh ich  an an im al learns lo  approach an 
environment in  wh ich  it had p rev io u s ly  received a rewarding 
stim u lus . Rats dem onstra ted a po sitive  THC place preference 
after doses as low  as 1 mg/kg (Lepore et al., 1995).

A num ber o f s tud ie s have suggested that there may be lin ks 
between the deve lopm en i o f  dependence to cannabinoids and 
to opiates (M anzanares et al., 1999). Some o f the behavioural 
signs o f rimonabant-induced w ithdraw a l in THC treated rats 
can be m im icked by adm in is tra tion  o f the opiate antagonist 
naloxone (K aym aksa lan  et al., 1977). Converse ly , the w ith ­
drawal syndrome p rec ip ita ted by naloxone in morphine- 
dependent m ice can be partly re lie ved  by adm inistration of 
THC (Mine eta l., 1975) o r by endocannabino ids (Yamaguchi 
et al., 2001). R a ts treated ch ron ica lly  w ith the cannabinoid 
WIN55.2I22 became sen s itize d  to the behavioural effects o f 
heroin (Pon licri et al., 2001) Such interactions can also be 
demonstrated acu te ly . A  syne rgy between cannabinoids and 
opiate ana lges ics has a lready been described above. THC also 
fac ilita ted  the an ti-nocicep tive e ffec ts o f RB  101, an inh ibitor 
o f enkephalin in ac tiva tio n  (V a lve rde et ai, 2001) These 
authors found that acu te adm in istra tion o f THC caused an 
increased release o f M et-enkcphalin in to m icrod ia ly s is probes 
placed in to the rat n u c leu s accum bcns.

The a v a ila b ility  o f receptor knockout an imals has also 
helped to illu s tra te  cannab ino id-op io id interactions CB| 
receptor knockout m ice exh ib ited  grea tly  reduced morphine 
self-adm in istration behav io u r and less severe naloxone- 
induced w ithdraw a l s ign s than in w ild-type an im als, although 
the anti-nociceptive ac tion s o f morphine were unaffected in 
the knockout an im als (Ledent ct al., 1999). The rimonabant- 
precip itated w ith d raw a l synd rom e in THC-lreated mice was 
s ig n ifican tly  attenuated in an im a ls w ith  knockout o f the pro- 
cnkcpha lin  gene (V a lve rd e  et al., 2000). Knockout o f the |i- 
op io id receptor a lso  reduced rimonabant-induced w ithdrawal 
s igns in THC-treated m ice , and there was an attenuated 
naloxone w ithdraw a l synd rom e in morphine dependent C B ( 
knockout m ice (L ich tm an et al., 2001a, b).

These find ings point c le a r ly  to interactions between the 
endogenous cannab ino id and op io id system s in CNS, 
although the neural c ir c u it ry  in vo lv ed  remains unknown. 
W hether th is re la tionsh ip  is  re levan t to the so-called ‘gate­
w ay ’ theory is unclear. The US N ationa l Household survey o f 
D rug Abuse (US Departm ent o f  Health and Human Services,



1999) indicated that respondents aged 22 years or o lder who 
had started cannabis use before the age o f 21 years were 24 
times more lik e ly  than non-cannabis users to in itia te use o f 
hard drugs. But the proportion o f cannab is users who progress 
in th is way remains ve ry  sm a ll (-1% or less), and mathemat­
ica l m ode lling using the Monte C arlo  method suggested that 
the association between cannabis use and hard drug use need 
not be causal but co u ld  re late to som e common predisposing 
factor, e.g. ‘drug-use propensity ’ (M o rta l el a i , 2002).

Adverse effects of cannabis on the CNS 
Is cann ab is  n eu ro to x ic ?
Although there have been c la im s that chron ic cannabis use 
may permanently damage the bra in , there is  litt le  scien tific 
evidence to support these c la im s (fo r rev iew s sec Dombush 
ei al., 1976; H o llis te r, 1986, 1998; Z im m er and Morgan,
1997). A s described above, some stud ie s have revealed a 
modestly impaired a b ility  to fo cu s attention and filter out 
irrelevant in formation in  cx-cannabis users (So low ij, 1998), 
but other stud ies fa iled  to find any im pairm ents in cognitive 
function (Pope ei al., 2001). There is lit t le  ev idence that 
cannabis use impairs work perform ance or leads to an 
'amotivational syndrome' (Dom bush et al., 1976; Hollister,
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 1986; Abood and M artin . 1992), nor is there any convincing 
evidence for ncuropatho log ica l changes in the brains o f 
cannabis users (H o llis te r, 1986). T im  e a r lie r stud ies have been 
complemented by the app lication o f powerfu l modem 
ncuro im aging methods. Fo r exam p le , an M R I study com­
pared 18 current, frequent, young adu lt cannabis users w ith 
13 comparable non-users and found no evidence o f cerebral 
atrophy o r regional changes in t issu e  vo lum es (B lock el a i,  
2000).

Animal stud ies have y ie ld ed  co n flic t in g  resu lts. Treatment 
o f rats w ith high doses o f THC g iven  o ra lly  for 3 months 
(Sca lic t el a i ,  1987) or subcu taneous ly  for 8 months 
(Landfie ld et al., 1988) w as reported to lead to neural 
damage in the hippocampal CA3 zone, w ith shrunken 
neurons, reduced synap tic density  and loss o f ce lls . 
However, in another s tud y  the potent syn thetic cannabinoid 
WIN55.2122 was adm in iste red tw ice  d a ily  (2 mg/kg) to rats 
and led to an apparent increase in  hippocampal granule 
ce ll density , and increased dendritic  length in the CA3 zone. 
In perhaps the most severe test o f a l l , rats and m ice were 
treated w ith THC 5 days each week fo r 2 years and no 
h istopatho log ical changes were observed in bra in , even after 
50 mg/kg/day (rats) or 250 mg/kg/day (m ice) (Chan el al., 
1996). A lthough c la im s were made that exposure o f a omall 
number o f rhesus m onkeys to cannabis smoke led to 
u llrastm ctu ra l changes in septum  and hippocampus (Harper

•ei a i ,  1977; Heath et a i .  1980), subsequen t larger scale 
jftudics fa iled  to show  any cannabis- induced histopathology 
in monkey brain (Sca lle t, 1991).

S tud ies o f the e ffec ts o f  cannab ino ids on neurons in vitro 
have a lso  y ie ld ed  inconsisten t re su lts Exposure o f rat cortical

neurons to TH C  was reported to decrease ihe ir su rv iva l, w ith 
tw ice as many c e lls  dead afte r 2 h exposure to 5 pM  THC than 
in contro l cu ltu re s  (Downer et a i ,  2001). Concentrations o f 
THC as low  as 0.1 pM  had a sign ificant e ffect. The effects o f 
THC were accompanied by  release o f  cytochrome c. 
activation o f  caspase-3 and D N A  fragmentation , suggesting 
an apoptotic im ehan ism . A ll o f  the effec ts o f THC cou ld be 
b locked b y  the an tagon ist AM-251 or by pertussis toxin, 
suggesting that they were m edia ted through CB j receptors 
T ox ic  e ffec ts o f THC have a lso  been reported on hippocam­
pal neurons in  cu ltu re , w ith  50% ce ll death after 2 h exposure 
to 10 pM  TH C  or after 5 days exposure to 1 pM  drug (Chan 
et al., 1998). The antagon ist rimonabant b locked these 
effec ts , bu t not pertussis toxin . The authors proposed a 
tox ic m echan ism  in vo lv in g  arachidon ic acid release and 
formation o f  free rad ica ls . However, other authors fa iled to 
observe any damage in rat co rtica l neurons exposed for up to 
15 days to I pM  THC, although they found that this 
concentration o f TH C  k ille d  rat C6 g liom a ce lls , or human 
astrocytoma U373MG and mouse neuroblastoma N18TG12 
c e lls  (Sanchez et a i ,  1998). In  a rem arkable study in jections 
o f THC into so lid  tum ours o f C6 g liom a in rodent brain led to 
increased su rv iv a l tim es, and a complete eradication o f the 
tumours was ev id en t in 20-35% o f the treated animals 
(Galve-Ropcrh et a i ,  2000) The anti p ro life ra tive effects o f 
cannabino ids has suggested a potential u t ility  for such drugs 
in cancer treatment (Guzm an et a i , 2001).

Some stud ie s have reported neuroprotective actions o f 
cannabino ids. A dm in is tra tion  o f  WIN55.2122 was found to 
reduce ce rebra l dam age in rat hippocampus or cerebral cortex 
after g loha l ischaem ia or foca l ischaeraia models in vivo 
(Nagayama et a i ,  1999). The endocannabinoid 2-AG 
protected against damage e lic ite d  by closed head in ju ry in 
mouse bra in , and the p ro tective e ffec ts were blocked by 
rimonabant (P an ikash v ili et a i ,  2001). THC had a s im ilar 
e ffec t in vivo in protecting against damage e lic ited  by ouabain 
(Van der S te lt ct a i , 2001). Rat hippocampal neurons in tissue 
cu ltu re were protected against glutamate-mediated damage 
by low  concen tra tions o f W1N55.2122 or CP-55,940 and 
these e ffec ts were m ed iated through C B i receptors (Shcn and 
Thayer, 1998). But not a ll o f  these effec ts seem to require 
m ediation v ia  cannab ino id receptors. Nagayama eta l. (1999) 
reported p ro tective e ffec ts o f  WIN55.2122 that d id not 
requ ire e ither cannab ino id receptor in cortica l neurons 
exposed to hypox ia , and s im ila r find ings were reported for 
the p ro tective actions o f anandam ide and 2-AG in cortica l 
neuron cu ltu re s  (S inor el a i ,  2000). Both THC and 
cannab id io l, w h ich  is not ac tive  on cannabinoid receptors, 
protected rat co rtica l neurons against glutamate tox ic ity  
(Hampson et a i ,  1998) and these effects, were also 
independent o f C B j receptors. The authors suggested that 
the p ro tective e ffe c ts  o f  THC in their stud ies m ight be due to 
tlic  an tiox idan t properties o f these po lyphenolic molecules, 
which have redox po ten tia ls h igher than those o f known 
an tiox idan ts (e.g. asco rb ic acid).
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The m ixed reports o f  neuro tox ic and neuroprotective 
effec ts o f cannabino ids are con fusing . W h ile  it may be 
possib le to demonstrate neuro tox ic actions after exposure o f 
neurons to high concentrations o f cannabino ids in vitro, there 
is lit t le  ev idence for any s ign ifican t neural damage in vivo 
after the adm in istra tion o f  pharm aco log ica lly  re levant doses 
o f these drugs.

Cannabis and psychiatric illness
A temporary form  o f drug- induced psychosis can occur in 
some cannabis users. In  som e o f the p sych ia tric  literature th is 
is referred to as ‘cannabis p sychosis' (or ‘m arijuana psych­
o s is ’ ). Research p sych ia tris ts , p a rticu la r ly  in B rita in 
(Thomas, 1993; H a ll and Degenhardt, 2000; Johns, 2001), 
have stud ied this condition ca re fu lly . I t nearly  a lw ays resu lts 
from taking large doses o f  the drug , often in food or drink , and 
the condition may persist fo r some tim e, perhaps as the 
accum ula ted body load o f  THC is washed out. The acute toxic 
psychosis that is som etim es caused by cannabis can be 
su ffic ien tly  serious to lead to the sub jec t be ing adm itted to 
hospita l, and the in itia l d iagnos is can be confused w ith 
schizophrenia , since the patients m ay d isp lay  some o f the 
characteristic symptom s o f  sch izophren ic illn e ss . These 
inc lude de lu sions o f contro l (being under the contro l o f

•
 some outside being or force), grand iose iden tity , persecution, 
thought insertion, aud ito ry ha lluc in a tion s (hearing sounds, 
u sua lly  non-verbal in nature), changed perception and 
b lun ting  o f  the emotions. N ot a ll sym ptom s w ill be seen in 
every  patient, but there is a conside rab le  s im ila r ity  to 
paranoid schizophrenia . T h is has le d  some to propose a 
‘cannabinoid hypothesis o f  sch izophren ia ’ , suggesting that 
the symptom s o f sch izophren ic illn e ss  m ight be caused by an 
abnormal over-activ ity o f endogenous cannabino id mechan­
ism s in the brain (Em rich et al., 1997).

A number o f stud ies have addressed the more contentious 
question o f whether cannab is use can precip itate long-term 
psych ia tric illness. The strongest ev idence seemed to come 
from a study in Sweden that in vo lv ed  taking deta iled  m ed ica l 
records and inform ation about the socia l backgrou i d and 
drug-taking habits o f 45 570 conscrip ts on entry to the 
Sw ed ish  arm y at age 18 years and fo llow in g  up o f their 
subsequent m ed ica l h isto ry over a 15-year period 
(Andrcasson et al., 1987). A  total o f 4293 o f  the conscripts 
adm itted having taken cannabis at least once, bu t the cannabis 
users accounted fo r a d isproportionate num ber o f the 246 
cases o f sch izophren ic illn e ss  d iagnosed in the overa ll group 
on fo llow-up. The re la tive  risk o f sch izophren ia in those who 
had used cannabis was 2.4 tim es greater than in the non-users.
In the sm a ll number o f  heavy users (who had taken the drug 
on more than 50 occasions) the re la tive  risk  o f  schizophrenia

•
increased to 6.0. The authors concluded that cannabis was an 
Independent risk  facto r fo r sch izophren ia . There have been 
other s im ila r reports (M athers and Godse, 1992; Hall and 
Degenhardt, 2000; Johns, 2001). Hambrecht and Hafner
(2000), for exam p le , s tud ied  232 patients in Germany w ilh

first-episode schizophrenia . They found that 13% o f these had 
a h isto ry o f cannabis use, a ra le tw ice  that o f matched normal 
contro ls. A t first v iew in g  these find ings seem convincing, but 
they do not prove any causc-and-effect relationship with 
cannabis. I t  may s im p ly  be that both cannabis use and 
sch izophren ia are re lated to some common predisposing 
factor, such as persona lity . Indeed some psychologists and 
p sych ia tris ts be lieve  that they can iden tify  psychological 
tra its that are described as ‘sch izo typy ’ and which may 
predict an increased risk  o f  deve lop ing c lin ica l psychosis 
Some stud ie s in hea lthy adu lts have reported that those 
sub jec ts who used cannab is scored higher on schizotypy 
sca les than non-users (W illiam s et a l ,  1996; Skosnik and 
Spatz, 2001). H a lf o f the cannabis-using subjects in the 
orig ina l Swedish s tudy  had used cannabis more than 10 times 
and subsequen tly  deve loped schizophrenia had also taken 
amphetam ine, a drug known to be capable o f inducing a 
sch izophrenia- like psychosis. The cannabis users also came 
from  dep rived socia l backgrounds, another known risk factor 
o f sch izophren ia . More de ta iled  follow-ups o f some o f the 
o rig ina l Sw ed ish  cohort, however, c la im ed to have answered 
some o f  these c r itic ism s (Andrcasson et a l, 1989; Zamm it 
et a l ,  2002). In add ition , further reports from New Zealand 
(A rseneault et al., 2002; Fergusson et a l , 2003), Austra lia 
(Patton et a l ,  2002) and France (Verdoua et a l , 2003) add 
weight to the hypothesis that the development o f cannabis 
dependence in young people is associated w ith increased 
rates o f p sych ia tric symptom s, both o f psychosis and 
depression and anxiety (Patton et a l ,  2002).

N everthe less, the ex istence o f a causative relationship 
between cannabis use and long-term psychotic illness 
rem ains unproven. I f  cannabis use d id  precipitate sch izo ­
phrenia one m ight expect to have seen a large increase in the 
numbers o f su ffe rers from  th is illn e ss  as cannabis use became 
more common in the W est du ring the past 30 years However, 
a de ta iled  re v iew  o f the ep idem io log ica l evidence up to 1990 
appeared to show  that th is has not been the case (Thom icroft, 
1990).

On the other hand, it is c le a r that cannabis can exacerbate 
the sym p tom s o f ex is tin g  psycho tic illness. W h ile  sch izo ­
phrenic patients seem to use cannabis and other psychoactive 
d rugs as a form  o f ‘se lf-m ed ication ’ , cannabis can make the 
key sym p tom s o f  de lu sions and halluc inations worse and it 
tends to counteract the anti-psychotic effects o f the drugs 
used to treat the illn e ss  (Negrete et a l ,  1986; Linzen et a l ,  
1994). On the other hand, one Swedish study reported that 
cannab is use made sch izophren ic patients less withdrawn and 
more lik e ly  to speak (Peralta and Cuesta, 1992). It would 
seem prudent, nevertheless, to d iscourage the use o f cannabis 
in patients w ith  ex istin g  psycho tic illn e ss .

Conclusion
The d isco ve ry  o f the endocannabino ids and the ava ilab ility  o f 
new pharm aco log ica l too ls, together w ith the development o f 
s tra in s o f gene tica lly  engineered knockout m ice that lack
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functional cannabinoid receptors, has re v ita lized  the fie ld  o f 
cannabis research in the past few  years. The e ffec ts o f 
adm in istering THC or other cannab ino ids can never s im u la te 
the h igh ly  lo ca lized  function o f  the endocannabino ids, w h ich 
appear to act as a fine contro l system  to regu la te neuro­
transm itter re lease at the synaptic le ve l. There has been 
renewed interest in the po tentia l therapeutic app lications o f 
cannabis-based medicines (B ritish  M ed ica l A ssoc ia tion , 
1997; Joy et al.. 1999; Robson, 2001). THC or other 
cannabinoid agonists a ll su ffe r from  the problem  o f a narrow 
therapeutic w indow  between the desired c lin ica l benefits and 
the unwanted psychic side-effects. It is  possib le that the 
pharmacological manipulation o f the endocannabino id s y s ­
tem, boosting function, fo r example by d rugs that inh ib ited  
the inactivation o f  the endocannabino ids, may o ffe r a sa fe r 
and more subtle approach to cannabis-based m ed ic ines in the 
future (P iom elli et al., 2000).
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6. Trends in Initiation of Substance Use
E stim a te s  o f  su b s ta n c e  u se  in c id e n c e , o r  in itia tio n , con cern  th e  n u m b e r  o f  n e w  u se rs  o f  illic it d ru g s , 
a lc o h o l, o r tob acco  d u rin g  a g iv e n  y ea r. T h e se  e s tim a te s  su p p le m e n t p re v a le n c e  e s tim a te s  as a n d  
m e a su re s  o f  th e  N a tio n 's  su b s ta n c e  u se  p ro b le m . W here  p re v a le n c e  e s tim a te s  d esc rib e  the  e x te n t o f  use 
o f  su b s ta n c es  o ver so m e  p e rio d  o f  tim e , in c id e n c e  d a ta  d e sc r ib e  e m e rg in g  p a tte rn s  o f  use, p a rtic u la rly  
a m o n g  y o u n g  peo p le . In  the  p as t, in c re a se s  a n d  d e c rea se s  in in c id e n c e  u su a lly  h av e  been  fo llo w ed  by 
c o rre sp o n d in g  c h a n g es  in  the  p re v a le n c e  o f  u se , p a rtic u la rly  a m o n g  y o u th s .

T he  in c id en ce  e s tim a te s  in th is  rep o rt a rc  b ased  o n  the  2 002  N a tio n a l S u rv e y  on  D ru g  U se  and H ealth  
(N S D IJH ). A s the  2 0 0 2  N S D U H  c o n s ti tu te s  a  n e w  b ase lin e  y e a r  fo r th e  su rv e y , th e se  d a ta  sh o u ld  not he  
c o m p are d  w ith  p rev io u s ly  p u b lish e d  d a ta  from  th e  N a tio n a l H o u se h o ld  S u rv e y  on  D rug  A buse  
(N H S D A ).

T h e  inc iden ce  e s tim a te s  a re  b ased  o n  N S D U Il q u es tio n s  on  a g e  at firs t u se , y e a r  a n d  m on th  o f  f irs t use 
for recen t in itia tes , the  re s p o n d e n t’s d a te  o f  b ir th , and  the in te rv ie w  d a te . U s in g  th is  in fo rm atio n  along  
w ith  e d itin g  and im p u ta tio n  w h e n  n e c e s sa ry , a n  e x a c t date  o f  firs t u se  is d e te rm in e d  fo r each  su b sta n c e  
used  by  each  re sp o n d e n t. By a p p ly in g  sa m p le  w e ig h ts  to in c id e n ts  o f  firs t u se , e s tim a te s  o f  the  n u m b er

•  o f  n ew  users o f  each  su b s ta n c e  a re  d e v e lo p e d  fo r each  y ear. T h e se  e s tim a te s  in c lu d e  the  n u m b e r o f  new  
users  a t any  age  (in c lu d in g  th o se  y o u n g e r  than  ag e  1 2 ) and  a lso  a re  sh o w n  fo r  tw o  sp ec ific  age  g ro u p s—  
p erso n s  y o u n g er  than  18 and  a d u lts  a g ed  18 o r o ld e r. In a d d itio n , the  a v e ia g e  age  o f  n ew  users  in each  
y e a r  and  ag e -sp ec ific  ra te s  o f  firs t u se  a re  e s tim a te d .

A lth o u g h  they  are  no t d is c u s se d  in th is  c h a p te r , e s tim a te s  o f  a g e -sp e c if ic  in c id e n c e  ra les  a lso  are  
d ev e lo p e d . T hese  ra te s  a re  d e fin ed  a s  the  n u m b e r  o f  new  u se rs  p e r  1 ,000  p o te n tia l n ew  users  b ecau se  
they  ind ica te  the  rate  o f  n ew  u se  a m o n g  p e rso n s  w h o  have n o t y e t u se d  th e  su b s ta n c e  (i.e ., p o ten tia l new  
users). M ore  p rec ise ly , the  ra te s  a re  a c tu a lly  th e  n u m b e r o f  n e w  u sers  p e r  1 ,00 0  p e rso n -y e a rs  o f  
e x p o su re . T h is m e a su re  is w id e ly  u sed  in d e s c r ib in g  the in c id e n c e  o f  d is e a se . T h e  m e th o d  used  fo r 
co m p u tin g  these  ra tes  is d esc rib ed  in S e c tio n  B .4  in A p p e n d ix  B

B ecau se  the  in c id e n ce  e s tim a te s  rep o rte d  h e re in  a re  based  o n  re tro sp e c tiv e  re p o r ts  o f  age at first 
su b s ta n c e  use by  su rv e y  re sp o n d e n ts  in te rv ie w e d  d u rin g  2 0 0 2 , they  m a y  be su b je c t to  severa l so u rc es  o f  
b ias. T hese  inc lud e  b ia s  due  to  d iffe re n tia l m o rta lity  o f  u se rs  a n d  n o n u se rs  o f  e ach  su b sta n c e , b ias due to 
m em o ry  e rro rs  (reca ll d ec ay  and  te le sc o p in g ) , and  u n d e rre p o rtin g  b ias d u e  to  so c ia l acc ep ta b ility  and  
fea r o f  d isc lo su re . See S ec tio n  B .4  in  A p p e n d ix  B for a d is c u s s io n  o f  th e se  b ia ses . It is p o ssib le  tha t 
so m e  o f  these  b iases , p a r tic u la r ly  te le sc o p in g  a n d  u n d e rre p o rtin g  b ec a u se  o f  fea r o f  d isc lo su re , m ay  be 
a ffe c tin g  e s tim a te s  fo r th e  m o st re c e n t y ea rs  m o re  s ig n ifica n tly  th a n  e s tim a te s  fo r e a rlie r  years . T o  
a c c o u n t for th is b ias in th e  in te rp re ta tio n  o f  th e  tre n d s , a m o re  s tr in g e n t s ta n d a rd  fo r d e te rm in in g  
s ta tis tica l s ig n ifican ce  in v o lv in g  e s tim a te s  fro m  the  m ost re c e n t y e a is  (1 9 9 8  a n d  la te r) is used  in th is  
c hap te r. D iffe ren c es  a re  rep o rted  to b e  s ta tis tic a lly  s ig n ifica n t o n ly  i f  th e y  d if fe r  at th e  a  =.01 level. The 
usual s tan d a rd  in the  res t o f  the  rep o rt is th e  a  = .0 5  level. T h is  is an  a rb itra ry  s ta n d a rd  tha t p ro v id e s

•  so m e  p ro tec tio n  a g a in s t in c o rrec t c o n c lu s io n s  in  th e  face o f  p o te n tia l b ia se s  th a t can  flu c tu a te  and  even  
ch a n g e  the  d ire c tio n  o f  e s tim a te s  fro m  y e a r  to  y ea r . A  m o re  th o ro u g h  a n a ly s is  o f  the  p ro b le m  w ill be 
c o n d u c te d  in the  fu tu re .

http://w vvw .sam hsa.gov/oas/nhsda/2k2nsduh/results/2k2R esults.htm l/n /9 0 0 4

http://wvvw.samhsa.gov/oas/nhsda/2k2nsduh/results/2k2Results.htm
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B ec au se  the  in c id e n ce  e s tim a te s  a re  b ased  on  re tro sp e c tiv e  re p o rts  o f  ag e  a t f irs t u se . th e  m o s t rec en t 
y e a r  ava ilab le  for these  e s tim a te s  is 2 0 0 1 , b ased  o n  the  2 0 0 2  N S D U H . F o r  tw o  o f  the  m e a su re s , first 
a lc o h o l use an d  firs t c ig a re tte  u se , in itia tio n  b e fo re  ag e  12 is c o m m o n . A  2 - y e a r  lag  in  re p o rtin g  fo r "all 
a g e s"  e s tim a te s  is app lied  fo r th e se  m e asu res  b ec au se  th e  N S D U H  sa m p le  d o e s  n o t c o v e r  y o u th s  u n d er 
a g e  12. T he 2 -y e a r  lag e n s u re s  th a t in itia tio n  a t a g e s  10 and  11 is c a p tu re d  in th e  e s tim a tio n .

M a r i ju a n a

• T here  w e re  an e s tim a te d  2 .6  m illio n  n ew  m a riju a n a  u se rs  in  2 0 0 1 . T h is  n u m b e r  is  s im ila r  to  the 
nu m b ers o f  n ew  u se rs  e a c h  y e a r  s in ce  1995, but a b o v e  th e  n u m b e r  in  1990 (1 .6  m illio n ).

•  In 1965. there  w ere  a n  e s tim a te d  0 .8  m illio n  new  u se rs  o f  m a riju a n a . T h e  a n n u a l n u m b e r  o f  
m ariju an a  in itia te s  g e n e ra lly  in c rea se d  un til ab o u t 1973. F ro m  1973 to  1978, th e  a n n u a l n u m b e r o f  
m ariju an a  in itia tes  re m a in e d  level a t a p p ro x im a te ly  3 .5  m illio n  p er y e a r . A fte r  th a t, th e  n u m b e r o f  
in itia tes d e c lin ed  to  1 .6  m illio n  in 1990. th e n  ro se  to  2 .8  m illio n  in 1995 . F ro m  1995 to 2 0 0 1 , 
there  w as n o  c o n s is te n t tre n d , w ith  e s tim a te s  v a ry in g  b e tw e e n  2 .5  and  3 .0  m illio n  p e r  y e a r  
(F ig u re  6 .1 ).

Figure 6.1 Annual Numbers o f New Users o f M arijuana: 1965—
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• In 2001, a b o u t tw o  th ird s  (6 7  p e rc en t)  o f  n e w  m a riju a n a  u se rs  w e re  u n d e r ag e  18. T h is  p ro p o rtio n  
has g en e ra lly  in c reased  s in c e  th e  1960s, w h e n  less th a n  h a l f  o f  in it ia te s  w e re  u n d e r  18
(F ig u re  6 .1 ) . T h e  a v e ra g e  ag e  o f  m a riju a n a  in itia te s  w a s  a ro u n d  19 in th e  la te  19 6 0 s and  17.1 in 
2001.

•  S ince 1975, abou t h a l f  o f  m a riju an a  in itia te s  each  y e a r  w e re  fe m a le s  (51 p e rc e n t in 2001). P rio r to 
1975, fem ales  c o m p rised  few er than  h a l f  o f  n e w  u se rs , on  a v e ra g e . S in c e  1965, tlic  av e rag e  age  o f  
fem ale  in itia te s  has g e n e ra lly  been  s lig h tly  h ig h e r  th a n  th e  a v e ra g e  ag e  fo r  m a le  in itia tes .
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Cocaine

In c id en ce  o f  c o c a in e  u se  g en e ra lly  ro se  th ro u g h o u t the  1 9 7 0 s to  a p e a k  in  1980 (1 .7  m illio n  n ew  
users) a n d  su b se q u e n tly  d ec lin ed  un til 1991 (0 .7  m illio n  n e w  u se rs) . C o c a in e  in itia tio n  s tea d ily  
inc reased  d u rin g  th e  1990 s, rea ch in g  1.2 m illio n  in  2 001 .
A g e-sp ec ific  in c id e n c e  ra te s  g en e ra lly  have  m irro red  th e  o v e ra ll  in c id e n ce  tre n d s , w ith  g rea te r  
in itia tio n  a m o n g  a d u lts  than  a m o n g  y o u th s  u n d e r  18. A p p ro x im a te ly  70  p e rc en t o f  c o c a in e  
in itia te s  in 2 0 0 1  w e re  ag e  18 o r  o lder.
S ince  1975, m a le s  h av e  g en e ra lly  c o m p rised  th e  m a jo rity  o f  c o c a in e  in itia te s . In 2 0 0 1 , the re  w e re  
0 .7  m illio n  n ew  m a le  u se rs  and  0.5 m illio n  n ew  fem ale  u se rs .
The a v e ra g e  ag e  o f  c o c a in e  in itia te s  ro se  from  18.6 y ea rs  in  1968  to  2 3 .8  y e a rs  in 1990 and  
su b se q u en tly  d e c lin e d  to  a p p ro x im a te ly  21 y ea rs  from  1995 to  2 00 1 .

H e ro in

•  D uring  the  la tte r h a l f  o f  th e  1990s. the  annua l n u m b e r o f  h e ro in  in itia te s  ro se  to  a  level not 
reached  s in c e  the  la te  1970s. In 1974, there  w ere  an  e s tim a te d  2 4 6 ,0 0 0  h e ro in  in itia tes . B etw een  
1988 and  1994, the  an n u a l n u m b er o f  new  users  ran g ed  fro m  2 8 ,0 0 0  to  8 0 ,0 0 0 . B e tw een  1995 and  
2 0 0 1 , the  n u m b e r o f  n e w  h e ro in  u se rs  w as c o n s is te n tly  g re a te r  th a n  1 0 0 ,0 0 0 .

Hallucinogens

•  The in c id e n c e  o f  h a llu c in o g e n  use  h as  e x h ib ited  tw o  n o ta b le  p e r io d s  o f  inc rease . B etw een  1966 
and 1970. th e  an n u a l n u m b e r o f  in itia te s  rose  a lm o s t s ix fo ld , fro m  1 68 ,0 00  to  9 5 6 ,0 0 0 . T h is  
increase  w a s  d riv en  p rim arily  by  use o f  LSD . T h e  seco n d  p e r io d  o f  in c re a se  in firs t-tim e  
h a llu c in o g en  b eg an  in 1992 w h e n  the re  w ere  a p p ro x im a te ly  7 0 6 ,0 0 0  n e w  u sers. By 2 0 0 0 , the  
n u m b er o f  in itia te s  ro se  to  1.7 m illio n , w h ich  is s im ila r  to  th e  n u m b e r  fo r 2001 (1 .6  m illio n ). T he 
h a lluc ino g en  in c rea se  in the  1990s a p p ears  to  h av e  been  d r iv e n  by  in c re a se s  in use o f  E cstasy  (i.e ., 
M D M A ) (F ig u r e  6 .2 ).

•  In itia tion  o f  E cstasy  use  h as  been  ris in g  since  1993, w h en  th e re  w e re  16 8 ,000  n ew  u sers . T here  
w ere 1.9 m illio n  in itia te s  in 2 00 0  and  1.8 m illion  in 2001 (n o t a s ta tis tic a lly  s ig n ifica n t d ec lin e).

Figure 6.2 Annual Numbers o f New Users o f Ecstasy, LSD, and 
PCP: 1965-2001
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LSD  in c id e n ce  d ro p p e d  from  9 5 8 ,0 0 0  nev  users  in 2 0 0 0  to  6 0 6 ,0 0 0  in 2 00 1 .

I n h a la n ts

•  T he n u m b e r o f  n ew  in h a la n t u se rs  in c rea se d  from  6 2 7 ,0 0 0  n e w  u se rs  in 1994 to 1.2 m illio n  in 
2000. D u ring  th is  p e rio d , m o re  m a le s  in itia ted  in h a la n t use th a n  fem a le s . T h e  n u m b e r o f  new  
inha lan t u se rs  in 2 0 0 1  w a s  s im ila r  to th e  n u m b er in 2 0 0 0  ( 1 . 1  m illio n ).

•  Inhalan t in itia te s  in  2 0 0 1 , a s  w ell as in p rio r y ears , w e re  p re d o m in a n tly  u n d e r a g e  1 8 (71  p ercen t 
in 2 0 0 1 ).

Psychothcrapeutics

•  T h is  c a te g o ry  in c lu d e s  n o n m e d ic a l u se  o f  any  p re sc rip tio n -ty p e  p a in  re liev e r , tra n q u iliz e r, 
s tim u la n t, o r  se d a tiv e ; it a lso  in c lu d e s  m c th a m p h e ta m in e . T h is  c a te g o ry  d o es  no t inc lud e  o v er-th e- 
co u n te r su b s ta n c es .

• Pain  re liev e r in c id e n c e  in c re a se d  from  1990, w hen  th e re  w ere  6 2 8 ,0 0 0  in itia te s , to  2 0 0 0 , w hen  
there  w ere  2 .7  m illio n  ( F ig u r e  6 .3 ). In  2 0 0 1 , the n u m b e r  w a s  2 .4  m illio n , n o t s ig n ifica n tly  
d iffe ren t from  2 00 0 . A b o u t h a l f  (52  p e rc e n t)  o f  the  n e w  u se rs  in 2001 w ere  fem ales .

Figure 6.3 Annual Numbers of New Nonmedical Users of 
Psychotherapeutics: 1965-2001
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