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Unlike alcohol where psvehom otor im pairment is correlated with blood alcohol level, 
there is no simple relationship bci ween levels o f TH C  (or its metabolites) in blood and 
im pairment (18. 26). This is for two reasons; the delay between experiencing the 
subjective high and the appearance o f  TH C  in the bloou; and large variations between 
different people in the level o f intoxication experienced at the same blood level of THC. 
A consensus conference o f forensic toxicologists concluded that there was not sufficient 
evidence for blood concentrations o f THC to define a legal basis for driving a motor 
vehicle while under the influence o f  cannabis (27).

2.6 Two special concerns
2.6.1 S to ra g e  of THC
There is good evidence that w ith repeated dosing of cannabis at frequent inters als, THC 
can accumulate in fatty tissues in the hum an body w here it may remain for considerable 
periods o f tune (Ashton (18) and see above). The storage o f  cannabinoids would be 
serious cause for concern if TH C  w ere a highly toxic substance which remained 
physiologically active while stored. TH C  is not a highly toxic substance and it is 
unlikely to have active effects while stored in body fat because it acts in receptors that 
are not present in body fat. One potential health im plication o f THC storage is that the 
release ol stored cannabinoids into blood may produ e unexpected sym ptom s of 
cannabis intoxication. The release o f stored TH C  has been suggested as an explanation 
o f 'flashback experiences' (e.g. Negrete (28); Thom as (29)). Such experiences have been 
rarely reported by cannabis users (e.g. Edwards (30)), and their significance is 
com plicated bv the fact that those w ho have reported these experiences have often used 
other hallucinogenic drugs.

2 .6 .2  I r  c r e a s e s  in th e  p o te n c y  o f c a n n a b i s
Cohen ( 3 11 claim ed that research underestim ates the adverse health e fle .ts  o f  cannabis 
because it was largely based upon studies conducted when cannabis users used less 
potent forms if  cannabis (0.5% to 1.0% TH C ) than later became avail hie in the USA in 
the 1980s (3 % TH C  in 1985-1986). This claim  has been repeated often in the popular 
and scientific media (18. 32), usually asserted rather than show n and o m n  supported by 
anecdotal reports o f samples o f cannabis containing high percentages ot THC. An 
alleged th irty-fold ' increase in potency has contributed to recent concerns about the 
health effects o f  cannabis in Australia (7).

There arc two different interpretations o f  this claim: (i) that the average T1IC content of 
canrc  : 'ants has increastii; and (in  'hat the average TH C  content ol cannabis
products consum ed by users has increased by 10-30 tim es (7)

The USA is the only country that has regularly collected data on the TH C  content of 
cannabis plants over the past several decades. C laim s that this data indicated that the 
T H C  content o f  cannabis in the USA had increased betw een three to seven fold from the 
early 1970s to the mid 1980s have been challenged by data from independent 
laboratories, and^iecauscnuch claim s relied on the assum ption That the sam ples from the 
middle |970 s were representative o f cannabis consum ed at that time. M ore recent data 
have failed to show a 10-30 fold increase in the TH C  content o f seizures between 1984
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and 1998. At most this ser,es shows a small increase in T H C  content from 3.3% in 1980 
to 4.4%  in 1998 (6. 33). Recent data pu. ished on the TH C  content o f cannabis sciicd  
in New Zealand over the past 20 years has "ol shown any increase in overage THC 
content (34).

2.7 C annab ino id  b io logy
Research during the 1990s ..as clarified die ways in which cannabinoids act in the human 
body and brain (35. 36). This research has identified cannabinoid receptors' and 
'endogenous cannabinoids'. Cannabinoid receptors are the m olecular sites in the brain 
and body at which the active com ponents o f cannabis, such as THC, act (36).
i.ndogenous cannabinoids arc substances that naturally occur in the human brain and 
body that, like THC. act on cannabinoid receptors in the brain. These include 
anandam ide (37) and 2 arachidonyi-glycerol (2AG) (38. 39).

Two types o f  cannabinoid receptors, CB, and CB, have been identified. The CB, 
receptor that is found primarily in the brain is responsible for the psychological effects o f 
TH C  (40). Hie CB, receptor is found in the immune system but its precise role remains 
unclear CB, and CB., receptors belong to a large group o f  receptors found in the 
mem branes o f  nerve cells that are involved in chem ical signalling between nerve cells. 
Cannabinoid receptors have been found in the nervous system  o f lower vertebrates, 
including chickens, turtles and trout (41). This suggests that these receptors were present 
early in evolution, and their conservation implies that they serve an important biological 
function in many species including mammals (2).

The distribution o f  CB, and CB, receptors in the brain, im m une and reproductive tissues 
is consistent w ith many ol their therapeutic and recreational effects (38, 39). CB, 
cannabinoid receptors in the brain are most concentrated in brain system s that arc- 
involved in controlling mood, motor function, m em ory formation, food intake, pain 
modulation, im mune, and reproductive functions (39).

Cannabis disrupts short-term  mem ory in hum ans (see Chapter 4). This effect is 
consistent with an abundance o f CB, receptors in the hippocam pus, the brain region 
most closely associated with m em ory (3. 39). A high density o f CB, receptors in the 
basal ganglia and cerebellum  is consistent with the observation that cannabinoids 
interfere with coordinated movem ent (2). C annabis has very little acute effect on 
respiratory function in hum ans (42. 43), which is consistent with the observation that 
the lower brainstem  area hits few cannabinoid receptors. The absence o f  cunnab..ioid 
receptors in the low er brainstem  also < ■ plains why high doses o f THC are rarely 
lethal (3).

2.8 Sum m ary
C annabis is-derived from the t t m w i t e  suttva plant. THC i t  the constituent <4 cannabis 
that produces the psychoactive effects sought by recreational users. Different forms of 
cannabis (m arijuana, heads, hash and hash oil) vary’ in their potency. Cannabis is
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predom inantly smoked in a joint or in a water pipe because this is the most efficient way 
to deliver THC quickly to the bloodstream and brain. THC and its metabolites can be 
detected in blood and urine but there is no simple relationship between these levels in 
blood or urine and the degree o f intoxication or psychomotor impairment. TH C  acts on 
brain receptors ('cannabinoid receptors') that are also acted upon by substances thut 
occur naturally in the brain ('endogenous cannabinoids*). Cannabinoid receptors are 
found in brain regions involved in control of moo memory, and m otor perform ance, all 
o f  which arc affected by cannabis
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3 Patterns of cannabis use

3.1 M e a s u r i n g  c a n n a b i s  use

M ost info rm ation  about cannab is use is co llected by su rvey ing  the general population 
and lugh school and u n iv c ro 'y  students. T hese surveys typ ically  ask each person 
w hether he or she has used cannabis: at any time in their lives (lifetim e use), in the past 
ycat (past year use), and in the past m onth. Rates o f w eekly and daily cannab is use arc 
low in m ost populations, so surveys typ ically  only report w hether the person  has used 
cannab is in his o r her life tim e or in the past year.

T here is good ev idence that carefully  designed surveys p rov ide valid inform ation  on 
se lf-reported  cannab is use. O 'M alley . B achm an, and Jo hnston  ( I ). for ex am ple , show ed 
that se lf-repo rted  drug use in three w aves o f  interview s ol high « 'm ol seniors was as 
reliable as se lf-repo rts o f  other behaviour. They have a lso  show n tliai a lthough  som e 
o lder adults later under-repori drug use in adolescence and early adult life, under­
reporting o f  cannab is use is quite low (2. 3). M ost im portan tly , any sm all b iases in self- 
reported can nab is use are fairly constan t over tim e, m eaning  that wc can  lie reasonably 
confident about trends in drug use from  surveys (4. 5).

3.2 C a n n a b i s  u s e  in Australia

C annab is is the m ost w idely  used illicit drug in A ustralia. In 1998 39 '* o f  adults aged 15 
and o ld er reported that they had used cannab is at som e tim e in their lives (6). M en were 
m ore likely to have used cannab is than w om en at all ages (44%  o f m ales vs. 35% ol 
fem ales) (7). Kates o f  can nab is use w ere highest am ong young adults: 45% of 14-19 
vcar olds and 64% o f  20  to  24 vears olds reported life tim e cannab is use. R ates declined 
steadily  w ith  age (see F igure 1). The low rales o f  life tim e cannab is use am ong  adults 
o v e r the age o f  50  years reflects the beginn ing  ol w idesp read  cannabis use am ong young 
A u stralian  adults in the early  1970s (7).

M ost can nab is use is not regular. In the 1998 survey, th ree quarters ol w om en and tw o 
th irds o f  m en w ho had ever used cannab is either had not used in the p ist year or had 
used less than w eekly (6). T he proportion o f users w ho becam e w eekly users was 7% o f  
w om en and 15% ol m en. W eekly cannab is use was m ost com m on am ong those aged 20 
to 24 years , declin ing  steep ly  thereafter (8)

I T h e  h e a lth  a n i l  p s y c h o lo g ic a l e ffects o f  c a n n a b is  use
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F ig u r e  I :  P r e v a le n c e  o j  l i f e t im e  c a n n a b is  u s e  b y  a g e  a n d  g e n d e r . 1 9 9 8  N D S  s u rv e y

Females 

E  _ Males __

14 -1 9  2 0 -2 9  3 0 -3 9 4 0 -4 9

o
The rate o f cannabis use in the past 12 months was 18% in the 1998 NDS. This was an 
increase on rates of use in previous household surveys, which found rates o f  12 to 13% 
(9). Current use of cannabis was more com m on among males (21%) than females (15% ) 
(Figure 2) but there was no d.fference in the youngest age group. The prevalence of 
current cannabis use was highest among 14-19 year olds (35% ) and 20 -2 9  year olds 
(37%). This is consistent with previous NDS surveys (8).

Figure 2: Prevalence o j 12-month cannabis use by age and gender. 1998 NDS survey

Females 

• Males

40 -4 930-3914-19 20-29
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The 1996 Australian School Student s Alcohol and D tugs Survey found that 36% o f 
students aged 12-17 had used cannabis (10). Earlier studies o f  drug use am ong school 
aged youth >n various Australian states conducted in the early !990’s reported rates of 
cannabis use between 25 to 30% (8). The 1996 school survey results suggest that there 
was an increase in the use o f  cannabis among youth during the 1990s, a finding that is 
supported by the NDS household surveys. The most recent national school survey found 
a small decline iri rates o f recent cannabis use among school students between 1996 und 
1999(11),

Australian cannabis users were more often males, who were under 35 years o f  age and 
more likely to be unemployed than non-users. W hile persons with higher education 
levels are more likely to have tried cannabis ai som e time in their lives, persons with 
lower levels o f education are more likely to be regular users (9). Current cigarette 
sm okers are more likely to smoke cannabis than non-sm okers, and regular drinkers are 
more likely than occasional or non-drinkers, to be regular users o f cannabis (12 ). 
Cannabis in Australia is m o... typically sm oked, and the types o f cannabis most 
com m only used are heads and leaf (9). The preferred mode o f  adm inistration am ong 
younger users is a bong and to a lesser extent, a pipe; older users arc mure likely to 
sm oke jo in ts (13).

Surveys o f  drug use in the general population were not conducted in Australia until the 
mid 1980s. However, throughout the 1970s som e market research com panies included 
questions on cannabis use in other surveys (14). These show an increase in cannabis use 
m all age groups between 1973 and 1984. Am ong 20 to 29 year olds, for exam ple. 23% 
reported having used cannabis in 1973 while the figure increased to 39% in 1984. The 
sharp increase in the rales o f cannabis use between the 1984 market research survey and 
the 1985 national household survey may reflect greater anonym ity given to respondents 
in the 1985 survey, and the different settings in w hich these questions were asked (in an 
‘om nibus' surv ey o f  consum er altitudes in 1984 and a special purpose survey about drug 
use and drug-related issues in ’985). There has been an increase in the percentage o f  
A ustralians who report having e ver tried cannabis in the NDS household surveys from 
28% in 1985 to 39% in 1998.

3.2.1 Changing patterns of cannabis use
Younger cannabis users now use more potent forms of cannabis at an earlier age The 
1998 NDS data show a decline in the age o f initiation am ong younger cannah s users 
One in five cannabis users (21% ) bom between 194(1 and 1949 had initiated cannabis use 
by age 18. com pared lo 43% o f those bom in 1950-59, 66% of '.hose bom  1960-69 and 
78% o f those bom in 1970-79 (15).

Earlier initiation o f cannabis use increases the chances that these users will become daily 
or nearly daily cannabis users (16, 17). This, it: turn, increases the risks o f becom ing 
dependent on cannabis and experiencing problem s as a result of their use (16, 18).
Levels o f consum ption among some adolescent cannabis users can be very high. For 
exam ple. 40%  o f a sample o f  NSW juvenile offenders reported smoking 40 or more 

-  •cones' ol cannabis a vveek (19)7
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T he g iea ter expense of cannabis heads also encourages regular users to smoke them in 
walerpipes or 'bongs’ in the belief that this m axim ises the delivery of THC. In the 1998 
NDS Survey just over half o f  all persons who had used cannabis in the last year smoked 
'h ead s ' (57% ) using bongs (56%). Younger users were more likely than older users to 
prefer bongs or pipes to joints (Figure 3) and heads to leaf, with the opposite trend in 
o lder users (Figure 4).

Figure 3: Prevalence o f preference for different methods o f using cannabis In age group
1998

14-19 20-29 30-39 40*
Age group

S o u rce  National Drug S trategy H ousehold Survey. 1998: Social S c ien ce  Data Archives

Figure 4: Prevalence o fp t cference o f  use o f  cannabis products according to age group
1998

1 4 -1 9  2 0 - 2 9  3 0 - 3 9  40+
------------------------------------------------------- Age group---------------------

S ource : National Drug S trategy  H ousehold Survey, 1998: Social S c ien ce  Data Archives
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All these changes in patterns o f use— earlier initiation o f cannabis use. greater use of 
more potent cannabis products such as heads, and the use o f watcrpipes— huvc probably 
increased the am ount o f THC consum ed by regular cannabis users, while the 
concentration of THC in cannabis products has increased only marginally.

3.3 Cannabis use in the United States

In the United Stales two major surveys o f  illicit drug use huvc been undertaken since the 
early 1970s, The National Household Survey on Drug Abuse (sponsored by the Nutional 
Institute on Drug Abuse) has surveyed household samples o f adults throughout the U.S. 
since 1972. Since 1975, the 'M onitoring The Future 'p ro ject has surveyed nation-wide 
sam ples o f  high school seniors, college students and young adults each year (2. 3),

3.3.1 NIDA H o u se h o ld  S u rv ey
NIDA has surveyed approxim ately 9000 persons aged 12 years and older in randomly 
selected households throughout the U.S. every two to three years since 1972. Since 
1991. the survey has been conducted annually with a sam ple o f  over 3().(XX) participants
(20).

In 1999,onc third (35%) o f the national sample reponed that they had ti.ed cannabis. 9% 
hud used in the past year, and 5% reported that they were current users (Table I) (21) 
Lifetim e use increased from 11% among those aged 12 to 17 years to 59% am ong those 
aged 26 to 34 years before declining to 25% among those over the age o f  35 years. Rates 
o f  discontinuation o f  use were high: more than two thirds o f  men and three quarters of 
women who had use cannabis at some time in their lives had not used it in the last year. 
M onthly cannabis use was uncommon. It was more com m on among men (9% ) than 
wom en (6% ) and most com m on among those aged 12 lo 17 years (11%).

The NIDA Household survey series from 1974 u> i99(> showed that rates o f  cannabis use 
increased throughout the 1970s. peaked in 1979, declined steadih  throughout the 1980s 
to reach their lowest level in 1990, before increasing again in 1992

Table I : Prevalence o f  cannabis use (US National Household Survey on
Drug Abuse, 1999)

Lifetime P ast 12 months Past month

12-17 years 18.7 14 4 7.7
18-25 years 46.8 24.8 14.8
26 + years 34.7 5 4 3.0
Total 34.6 8.9 5.1

The h e a lth  a n i l  p s y c h o lo g ic a l e ffects o f  c a n n a b is  use



Table 2: Trends in past month cannabis use (US National Household Survey on 
Drug Abuse 1974-1999)

1974 1976 1977 1979 1985 1988 1990 1992 1995 1996 1999

12 -1 7 12.0 12.3 16.6 16.3 13.2 8  1 7.1 5.3 10.9 9.0 7.7
18 -2 5 25.2 25.0 27.4 38.0 25.3 17.9 15.0 13.1 14.2 1 5 6 14.8
26-* 2.0 3.5 3.3 3.0
2 6 -3 4 20 .8 23.1 14.7 10.9 11.4 8.3 8.4
35+ 2.8 3.9 2 .3 3 1 2.5 2.8 2.9

3.3.2 The Monitoring The Future project
In this se ries o f  su rveys, the p revalence o f cannab is use has been  estim ated am ong 
secondary school students, co llege students an d  young adults. S ince 1975 approx im ately  
15.000 h igh school sen iors have been surveyed. T he college studen ts and _ oung adults 
w ho are su rveyed  each  year rcprcscni a sam ple o f  those who w ere o rig inally  surveyed as 
high school sen io rs (about 14% ) and have been follow ed up every tw o years Since 1991 
national sam ples o f  8th and 10th grade students have also  been annually  surveyed

In the 1999 survey, lifetim e cannab is use increased w ith each  h igher age g roup but use in 
the past year reached a plateau in the 18 (last year o f high s c h o o l) to 28 year age group 
(Table 3). D aily  use peaked at age 18, with 6%  o f  high school sen io rs and 4.4%  o f  19 to 
28 year o ld s reporting  daily  cannab is use. T h is is m uch low er than the 11% o f  high 
school sen io rs in the peak year o f  1978 who used cannabis.

Table 3: Prevalence o f  cannabis use in the 1999 US Monitoring the Future Survey
Lifetime 12 m onth P a s t m onth P ast month

u se  u se  u se  daily u se

8" g ra d e  (14 y e a rs ) 22.0 16.5 9.7 1.4
10"' g ra d e  (16  y e a ts ) 40.9 32.1 19.4 3.8
12m g ra d e  (18 y e a rs ) 49 .7 37 .8 23.1 6.0
C o lleg e 50.8 35 2 20 .7 4.0
1 9 -2 8  y e a rs 54.6 27 .6 15.6 4.4

B ecause o l high rates o f daily  cannab is use in the late l l>7(ls. in 1982 m ore questions 
w ere asked about the duration o f daily  use. In 1982. 21% o f the 12th graders rcporied 
that they had sm oked cannab is daily for a m onth a m ore. T h is tell to 8% by 1992. Daily 
use has been consisten tly  higher am ong m ales than fem ales, and am ong those not 
planning to attend  college. M ore than ha lf o f those w ho w ere da ily  users by age IS 
began this pattern  o f  heavy use by age 16. In 1993, 3% of all A m erican  12th g raders 
su rveyed reported  that they had sm oked can nab is daily  for tw o  years or m o te  on  a 
con tinuous basis.

There have been  rises and falls in cannabis use am ong  A m erican  adolescents since 1975. 
A m ong 18 y e a rrd d s , lifetim e-prevalence peaked  at 65%- m 1980, then fell by nearly hall 
by the early 1990s. Use in the past y e a r peaked at 51%  in 1979 and  fell to 22% by 1992. 
The rale o f  d iscon tinu in g  use increased am ong those  w ho had ev er used can nab is  (Table 
4, th ird  co lum n ), w ith less change in rates o f  d iscon tinua tion  am ong those w ho  had used
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U 10 or nu  e limes. Most o f  those who ceased cannabis use had not had a great deal of 
experience with cannabis. The time trends in cannabis use were different from those o f 
o ther drugs, suggesting that the changes in cannabis use reflected factors specific to that 
drug. Although most users o f  other illicit drugs also had used cannabis, trends in the use 
o f other illicit drugs were independent o f the cannabis-use trends,

Table 4: Trends in cannabis use among those in Year 12 (US Monitoring the Future
S*udy, 1999)

Lifetime u se 12 m onth use D iscontinuation rate am ong  those 
who had  used  can n ab is

Ever 10 tim es +

1975 47 40 15 4
1980 60 49 19 5
1985 54 41 25 8
1990 41 27 34 12
1992 33 22 33 11
1993 45 36 20 8
1995 42 35 17 5

A lter more than a decade o f  declining rates o f cannabis use among American secondary 
students, the 1992 and 1993 surveys reported that cannabis use rose sharply among 8". 
ICT and 12'" graders, and to a lesser extent am ong college students and young adults. 
There w as an increasing initiation rate and a higher rate o f continued use

Johnston and colleagues have argued that changes in beliefs about the risks o f  cannabis 
use were responsible for the reduction in use between 1979 and 1991 and for the rise 
in use since 1992. They reported a strong negative correlation over time between the 
rates of cannabis use and the perceived nsk of using cannabis and |>cer disapproval 
o f use (e.g. (2 ,3 . 22). Between 1992 and 1996, a decrease in perceived risk, and a 
smaller decrease in personal disapprovo' o f cannabis use. preceded an in a c ase  in rates 
of use (23).

3.3 .3  T he  n a tu ra l h is to ry  of c a n n a b is  u s e
Bachman et al (24) have exam ined patterns o f  cannabis use from adolescence into 
adulthood in the Momtori g the Future data. They analysed data from 14 successive 
cohorts o f high school seniors and college students w ho were followed from age 18 to 35 
to assess the effect o f m ajor life transitions (such as entering college, entering full time 
em ploym ent, marrying and having children) on rates o f  use o f cannabis in the past 30 
days.

They found a steady decline in cannabis use from the early and mid 20s to the early 30s 
The pattern for cannabis was sim ilar to that for alcohol: it differed from tobacco use 
which w as much more persistent. M ajor role transitions explained a substantial part ol 
these changes. Use increased am ong those en tering college but their use only caught.up
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w ith that o f studen ts w ho did not en ter co llege (w ho used cannabis m ore often in high 
school than those w ho wcnl on to co llege). B igger decreases in use w ere seen in m ales 
and fem ales on m am ag e  and during pregnancy. Entering the m ilitary had a large im pact 
on  cannabis use. probably  reflecting drug-testing before entry to  serv ice  (24).

T hese findings have been confirm ed in a detailed  study o f  a single co hort o f  high school 
studen ts that was follow ed from early adolescence inlo the m iddle adulthood (25, 26). 
T h is study also  found that cannabis use peaked in the early 20s and declined  steauily 
through (he 20s and  into the 30s. T h e  decline was explained by the increasing societal 
responsib ilities of m arriage, ch ildren and em ploym ent. Use persisted in those who: did 
not enter conven tional m arriage (e.g. rem ained single o r  cohabited): did not en ter 
college; and w ho w ere unem ployed (see Chapter 8 below).

3.4 C a n n a b i s  u s e  in C a n a d a

A national telephone survey was conducted  in C anada in 199-1 by H ealth  and W elfare 
Canadu on 12,155 persons aged 15 years and older (27). O verall, 28% ol the sam ple 
reported that they had used cannabis at som e tim e in (heir lives, w ith m ales m ore likely 
to have used cannab is than fem ales in all age groups Kales o f use in the pusl year 
declined w ith  age from  a high o f  26% am ong those aged 15 to 17 years to I 4% am ong 
those aged 45  to 54 years and 1% am ong those aged 55 to 64 years, M ost users 
d iscon tinued their use.

T here  have been school surveys conducted  in a num ber o f  C anadian  provinces since the 
early 1970s. A d laf and Sm art (28) rev iew ed survey results in six of the ten provinces 
w here surveys had been conducted betw een the curly 1970s and the late l9X()s. T he m ost 
consisten t trend  w as an increase in the prevalence o f  cannab is use du ring  the 1970s 
follow ed by a sharp decline during the 1980s.

S ince 1977 O n tario  has conducted a  se i.^s o f  surveys o f  student: in grades 7. 9 . 11 and 
13 (corresponding to ages 10 through 19 years o ld ) w ith sam ple sizes o f betw een three 
and five thousand. The prevalence o f  cannab is use during the previous 12 m onths 
declined  from  32% in 1979 to 14% in 1989. D eclines w ere also  reported  for n ine o lh e r  
drug ty pes including  tobacco  and alcohol. R ates o f  illicit drug use w ere low er in O n tario  
than m the ne ighbouring  U nited S tates. The size o f the decline in rates o f annual 
cannabis use was g reater than for o th e r substances (28). The O n tario  surveys also  found, 
like the U.S surveys. Ihal the perceived  health  risks o f  cannabis use increased us rates o f 
use declined (28). S ince the beginning o f ihe 1990s there lias been an increase in rates o f 
cannab is use in the past year am ong O ntario  high schoo l students, from  12% m 1901 to 
29% in 1900 (20), C om parison o f trends in cannab is use m C anada has found the sam e 
pattern  as reported in the USA, nam ely, a decline throughout the 1980s. follow ed by an 
increase hi the early  1990s (30).
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Few  E uropean  co un tries have undertaken  regu lar com m unity  o r high school surveys o f 
can nab is  and ot ar illic it d rug  use. T hose lhat have done so (e.g. D enm ark. France, the 
N e th er'an d s . S w itzerland , and the U nited K ingdom ) all reported  increases in rates o f  
cannu: is use in the early  1990s (31). In all cases, the prevalence o f curren t use was 
su bstan tia lly  less than life tim e use, indicating that m ost users stopped the ir use. R ates o f 
cu rren t use w ere highest am ong those aged 15 to 24 years.

T he P om pidou  G roup (32) exam ined illicit d rug  use am ong h igh school studen ts in 
B elg ium . F rance, G reece, Italy, N etherlands. Portugal, and Sw eden (using  a sam ple from 
the U SA  as the com p, rison). T he study found that the rates o f  use o f alm ost all illicit 
d rugs w ere tw o o r m ore tim es h ig her in the US sam ple. In the European sam ples, 
can nab is had been  used at least once by betw een 10% and 36%  o f the older student 
po pu la tion , and had been used in the past 30  days by betw een 3% and 14% o f the 
E uropean  studen ts as against 19% o f the US students. C annab is was used on a near daily 
has by 1% o r less o f European  sam ples com pared  w ith 3% in the US

In 1992 in the N etherlands, u large national su rvey  ol drug  use was undertaken  involving 
o v er 10,000 studen ts aged 10 -18  years (33 • A bout one third o f  m ales and one fifth o f 
fem ales had used cannab is at som e tim e in their lives. D ata from  three national school 
su rvey s in 1984, 1988 and 1992 show ed large increases in use betw een I98X and 1992. 
particu larly  am ong  m ales.

In 1997 the E uropean M onito ring  C entre on  D rugs and D rug A ddiction (E M C D D A ) 
reported rates o f  life tim e can nab is use am ong udults and ado lescen ts in household 
su rveys in 9 co un tries and am ong high school students in 14 countries (34). Rales o f  
life tim e use am ong  adults vuried Irom u high o f  31.3%  in D enm ark to a low  o f  3.6% in a 
G erm an  m ail survey. R ates am ong young adu lts varied betw een a high o f  43%  in 
D enm ark  to  a low  o f  6% m G erm any R ates o f  use in the past year w ere available in 
few er co un tries  because o f  the low prevalence o f  this pattern  of use, w ith rates vary ing  
be tw een I % in Sw eden  (fo r all illic it d ru gs com bined) to  a high o f  21% in the U nited 
K ingdom  (34). T he school su rveys show ed  h igher rates o f  lifetim e use. w ith a range 
betw een 41 Ot in the U nited K ingdom  and a low  o f  3% in Spam  (34),

Sm art and  O gbom e (35) have recently analysed  survey data on illicit drug use am ong 
studen ts in 36 coun tries circa 1995. M ost of these coun tries w ere European and 
develop ed  industrialised societies. T he highest rates o f  lifetim e use o f  cannab is w ere in 
B ritain . The rate w as 53%  in S cotland , fo llow ed  by 41%  in the U nited K ingdom  and 
33% m W ales. T hen  fo llow ed the USA (32% ). A ustralia  (31% ) and the N e therlands 
(22%  ). Table 5 show s estim ates p roduced by the E M C D D A  in 2000.

3 . 5  C a n n a b i s  u s e  i n  E u r o p e
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T a b le  5 ;  P r e v a l  n e e  o j  c a n n a b is  u s e  in  re c e n t  s u rv e y s  i n  E u r o p e a n  c o u n t r ie s

Lifetime use  
(young adults)

12-month u se  
(young adults)

Lifetime u se  
(all adults)

12-m onth u se  
(all adults)

Belgium 9.2 3.6 5 .8 ' 1.5
D enm ark 43 .0 6.0 31 3 3.3
Finland 17.5 6.3 9.7 2 .5
F ran ce 25 .7 8 9 16.0 4 .7
E G erm any 7.8 4.5 4.2 2.3
W  G erm any 20.1 7.8 1 3 4 4.5
G re e c e 19.7 8.8 13.1 4 4
Ireland - - 6.4 •
N etherlands 27.3 9.8 18.1 5.2
S pam 31 8 14.2 22.2 7.6
S w eden 16.0 2.0 13.0 1.0
United Kingdom 42.0 23.0 25 .0 9.0

Taken Irom EMCDDA (2000)

These data suggest that, with the exception o f  the United Kingdom and Denmark, rates 
o f  cannabis use by young people in Europe is probably much lower than that in the USA 
This has been confirm ed in the recent European School Survey Project on Alcohol and 
D rugs (EPSAD) (36) which used the M onitoring the Future instrum ent to survey drug 
use in 95,(KXl year 10 school students in 30 participating countries. It found that the 
average rate of lifetim e cannabis use in Europe was much lower 1 17% i than in the USA 
(41% ). Rates in individual countries ranged between 1% in Rom ania and 35% in the 
C zech Republic. France and the United Kingdom (36)

3.6 C a n n a b i s  u s e  in other regions

There is limited surv ey data on rates o f  cannabis use in other parts of the world (37). 
Surveys have been reported from different countries but their results have often  been 
reported in ways that make it difficult to com pare rales. In many cases these data provide 
only crude rates of cannabis use. survey methods are poorly reported, and it is som etim es 
unclear whether rates are lifetime or recent cannabis use (37). The limited data from 
developing countries in Africa, the Caribbean. Asia and South Am erica suggest that rates 
o f  cannabis use are much lower in these countries than in Europe and English-speaking 
countries (37).

3.7 Correlates of c a n n a b i s  u s e

Age First use o f  cannabis typically begins in the teens and the heaviest rates o f  use 
occur in the early 20s. Rates o f  cannabis use rem ain relatively high during the early 20s 
but declines thereafter. Chen and Kandel (26) found that the majority o f young adults 
who experim ented w ith cannabis had done so b y a g tr lk  and Bachman r t  a l7 2 4 i have 
found that rates o f  use decline steadily from the mid 20s into the early 30s.
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Gender Rates o f  cannabis use in the lifetime, the past year a n d ' past week are 
consistently higher among males than females (2. 3. 8. 28). Daily jsc und long-term 
daily use are much m ore common among males (2, 3).

Income: A positive relationship has been found between income in adolescence and 
early adult life and cannabis use (9). with those canting m ore money more likely to 
report cannabis use. In the United States. Johnston (22) also reported that daily cannabis 
use correlated positively with income md hours worked on a paid job.

Socioeconomic Status: The relationship between cannabis use and socioeconom ic status 
(SES) is weak. H igher rates ol cannabis use are sometimes found among lower SES 
individuals but in the past two decades there has been no relationship between parent's 
education and cannabis use among 12th grade students in the United States, with the 
exception lhat the group with lowest parental education had slightly lower cannabis use 
than the others (2. 3). That difference may Ire better explained by differences in income 
during adolescence rather than by social class.

Ethnicity. Information on the relationship between ethnicity and cannabis use is limited. 
Ethnic differences in one country may not generalise to others and small sam ple sizes 
often m ake ethnic com parisons unreliable. Even in the very large M onitoring the Future 
survey, samples from several years have to be combined to make reliable com parisons 
between the three largest ethnic groups (?, 3. 38). These show that African-American 
students have lower rates of use m all grades than White or Hispanic students. Hispanics, 
on the other hand, tend lo have the highest rates of use in the early grades, before the 
rates o f  school drop-out increase.

Availability. In general, and all other things being equa., the more freely available a dnig 
is. the higher its use in the population. This hypothesis has been broadly supposed  in the 
case o f alcohol consum ption, w here the larger the num ber o f licensed outlets and the 
longer the hours o f trading, the higher the levels of comm unity alcohol consum ption and 
alcohol-related problem s (39, 40). There is very little ev idence to rigorously test tins 
hypothesis in the case o f  cannabis use. Self reports from surveys on how easy it is lo 
obtain cannabis (2. 3) have shown very little change over long periods ol time lor 
cannabis in the USA.

3.8 Summary

Patterns o f cannabis use have been most extensively studied in developed societies such 
its the USA. Canada, A ustralia and some European countries. The limited dnta in Europe 
shows lower rates o f  use than in Australia. Canada and the LIMA. The highest rates arc in 
the United Kingdom. Denmark and France. The limited data front developing countries 
suggest that Africa, the Caribbean. Asia and South America have much lower rates o f 
cannabis use than Europe and Englr h-speakmg countries

The USA. which lias systematically collected survey data un cannabis and oilier drugoise 
since 1975. has docum ented long w aves o f cannabis consum ption among young people. 
Rales o f  cannabis use increased through the 1970s in the USA. peaked in 1979 and
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declined  throughout the 1980s until 1991. R ates o f  use increased sharply  in 1992 and 
have con tinued  to increase throughout the  1990s w ith a leveling out in the late 1990s. A 
rising trend  in cannab is use during  die early  1990s has been  reported in A ustralia, 
C anada, the N etherlands, N orw ay and Sw eden. The ‘na tu ral history * o f  cannabis use in 
studies conducted  in the USA is for use to start in the m id  to late teens, reach its 
m axim um  in the early 20s and decline in the m id to la te  20s. A m inority o f  cannabis 
users co n tinu e to  use into  their 30s. M arrying and  having  ch ildren  substantially  reduce 
rates o f  cannab is use.

A substantial m inority o f  young people in Europe, N orth  A m erica and A ustralia (and 
during som e periods in the U SA  and A ustralia , the m ajority ) have tried cannabis at least 
once in their lives. Rates o f regu lar can nab is use are m u ch  lower. M ost cannab is users 
d iscon tinue th e ir use. L ifetim e and recent cannab is use are  higher am ong m ales than 
fem ales, and highest am ong young adults in their early  20s.
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4.1 Psychological effects
The effects o f cannabis defxmd upon the dose received, the mode of administration, the 
user's pnor experience with cannabis, any concurrent drug use, and the 'set and 
setting'— the user's expectations, attitudes towards the effects of cannabis, tneu mood 
state, and the social setting in which it is used (I). The main reason why most young 
people use cannabis is to experience a 'h igh ': mild euphoria, relaxation and perceptual 
alterations, including time distortion, and the intensification of ordinary experiences, 
such as eating, watching films, listening to music, and engaging in sex ( I, 2). When used 
in a social setting, the 'h igh ' may be accompanied by infectious laughter, talkativeness, 
und increased sociability.

Cognitive changes include impaired short-tenn memory and attention, These make it 
easy for the user to become lost in pleasant reverie and difficult to sustain goal-directed 
mental activity (3.4). Motor skills, reaction time, motor coordination and many forms of 
skilled psychomotor activity are impaired while the user is intoxicated (I. 4).

Some users report unpleasant experiences after using cannabis. These include anxiety, 
panic, a fear of going mad, and depression (5-7). These are often reported by users who 
are unfamiliar with the effects of cannabis (7). and by some patients given THC for 
therapeutic reasons (8). More experienced users may report these effects after 
swallowing cannabis because its effects may be more pronounced and of longer duration 
than they usually experience after smoking. These effects can be prevented by 
preparation of users about the effects they may experience and they can be managed by 
reassurance and support (5. 7). Psychotic symptoms, such as delusions and 
hallucinations, arc very tare experiences that may occur at very high doses o f THC, and 
perhaps in susceptible individuals at lower doses (5-7) (see Chapter 10 below).

4.2 Physical effects
The most immediate effect of smoking cann 'b is is lo increase the heart rate by 20% to 
50% within a few minutes to a quarter o f an hour o f smoking cannabis (9 -! I ). Changes 
in blood pressure also occur. These depend upon posture: blood pressure is increased 
while the person is sitting, and decreases while they are standing. A sudden change from 
lying down to standing up may produce postural hypotension and a feeling o f ‘light- 
hcadedness' and faintness that is often the earliest indication of intoxication in naive 
users ( 12). In healthy young users these cardiovascular e je c ts  are unlikely to be of any 
clinical significance (II) . They may amplify anxiety if the cannabis-induced palpitations 
and feeling faint are misinterpreted as symptoms of serious misadventure.
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4.2.1 Toxic dose levels
THC is the component of cannabis that has the highest toxicity in animals. Th- cause of 
death is cessation of breathing or the heart, if breathing is assisted ( 13). Because 
tolerance develops to its effects, the toxic dose of THC depends upon the amount by 
which a dose exceeds the customary dose (14). Laboratory studies in humans of daily 
dosing of high levels of THC over weeks have demonstrated tolerance to mood effects, 
bean rate changes, decrease in skin temperature, increased body temperature, and 
impaired performance on psychomotor tests (15).

There arc no reported cases of human deaths attributed to cannabis toxicity (16, 17). 
With many drugs the toxic dose gets smaller as one moves from mice, rats, monk ys and 
dogs to humans. With THC. by contrast, hum ans. re probably much less susceptible to 
the acute toxicity o f THC than animals. For example, the dose of THC which kills 50% 
o f animals when administered intravenously is 40 mg/kg in the rat but it is 130 mg/kg in 
the dog and monkey (13). Extrapolation from the anim.il evidence suggests that the 
lethal human dose of THC is at least as high as, and probably higher than, that observed 
in the monkey. This means that the estimated toxic dose of THC in humans is so large, 
e.g. 4000 mg (18). that it is unlikely to be easily achieved by recreational users

4.3 Psychom otor effects
A major societal concern about cannabis intoxication is that it may impair the 
psycliomotor performance o f automobile drivers, increasing the risk of accidents in 
cannabis users who drive a car while intoxicated. Individuals who drive while 
intoxicated with alcohol are dangerous to others in proportion to how intoxicated they 
are (19). It has been more difficult to decide whether cannabis intoxication impairs 
psychomotor performance in a similar way to alcohol.

4.3.'' Effects of cannabis on psychomotor tasks
Simple reaction time is not reliably affected by cannabis (20. 21). In choice reaction time 
tasks, in which the response is conditional upon the occurrence of a stimulus in the 
presence o f anothi r di criminant stimulus (such as the pitch of a lone), reaction time is 
usually slower after usin: cannabis (22. 23).

The performance o f  concurrent tasks is almost always adversely affected by cannabis, 
although the effects on the compoi ent tasks are not always consistent (24-28). In studies 
o f concurrent tasks subjects are asked to do one task which requires continuous attention, 
typically tracking, while discriminating between significant stimuli that occur 
sporadically and non-significant stimuli that occur more frequently.

4.3.2 Effects of cannabis on simulated driving and flying
In simulated driving tasks subjects use skills similar to those involved in driving a car 
under laboratory conditions which have been designed to emulate the performance 
characte-istics of a car. These simulations have two major advantages (29): cannabis 
users can be tested after taking large doses o f cannabis, and’tffey carTbe placed in 
simulated emergency situations which test their level o f impairment. It would be 
unethical to do either o f these thing.-, on the road. The difficulty with simulator studies 
lies in achieving fidelity to the conditions o f on-road driving.
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Smiley (29, 30) who critically reviewed research on the effects of cannabis on simulated 
driving has argued that the early studies which showed fewer effects than later studies 
suffered because o f their unrealistic car dynamics. I-atcr studies that used more realistic 
driving simulators have shown impairments of lane control after cannabis use. Some of 
the studies have also shown reductions in risk-taking as manifested in slower speeds, and 
maintenance of a larger distance from the car in front in following tasks (30).

A smaller number o f  simulator studies have been done on the effects o f cannabis on 
flying skills. Janowsky et al 0 1 )  found substantial increases in errors in keeping the 
plane at the proper altitude and heading during a simulated flight after pilots had taken 
cannabis. Ycsavage ct al (32) originally reported that a simulated flying task w'us 
impaiied up to 24 hours .her smoking cannabis but this study did not include a control 
group. A later study with a control group (33) failed to replicate this result and only 
found an effect 1 to 4 hours after smoking A third study lhat also included a control 
group (34) failed to show impairments in pcrform an-c up to 24 hours after smoking 
cannabis. Although much has been made of the original findings (despite the failure to 
replicate them), the effete were very small and of uncertain significance for flying 
safety. Jones (35) has argued that the use of cannabis by pilots 24 hours before flying 
may be more an indicator of poor judgement than a risk because of residual psychomotor 
effects of cannabis.

4.3.3 Effects of cannabis on driving on road courses
A number o f  studies have been done on the effects o f cannabis on dnvitig cars around off 
road courses. These siudies have found that cannabis has modest effects by comparison 
with alcohol. An early study by Hanstccn et al (36) showed that a moderate dose of 
alcohol (approximately 0.07 BAC) or THC (5.9 mg) impaired driving on a traffic-free 
course, wiih driving speed decreased after using cannabis but not alcohol. Smiley et al 
(37), using a different type of course, found that reaction time to signal stimuli was 
increased by a combination of cannabis and alcohol. Klonoff (38) studied driving on a 
closed course, and in city traffic, after a placebo and two doses of smoked cannabis (4.9 
and 8.4 mg THC). Driving on the closed .ourse was impaired by both doses Driving in 
traffic, however, was not significantly affected. Sutton (39) also found that cannabis had 
little effect on actual driving performance.

Peck et al (40) recorded performance on a range of driving tasks on a closed circuit on 
four occasions after the administration of placebo, up to 19 me of smoked THC.
0.84 g/kg of alcohol, and the combination of both drugs. On most individual and derived 
composite measures, cannabis impaired performance. The effects of cannabis on driving 
performance were less than those of alcohol.

A recent scries of on road studies by Robbc and colleagues (41. 42) found modest 
impairment o f driving skills after cannabis on actual driving on either a driving course 
without traffic, on a highway or in urban traffic. They found that drivers were aware ol 
their intoxication after using cannabis and took steps lo minimise its impact on their 
driving by slowing down (41 1.
The effects o f cannabis use on on-road driving have been smaller than the effects of 
intoxicating doses of alcohol (29, 30). Cannabis use has consistently m; e drivers slow 
down (30), This contrasts with the typical increase in speed when drivers are intoxicated
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by alcohol. The compensatory behaviour of cannabis users may explain the 
comparatively small effects o f cannabis intoxication in on road driving studies. For 
ethical reasons on road studies have not been able to test the response of cannabis- 
intoxicated drivers to emergency situatioas in which there is less opportunity to 
compensate for impairment. The few studies which have simulated this situation (e.g. by 
measuring reaction to other tasks while driving) have shown that cannabis use impairs 
emergency decision-making (29. 30).

4.3.4 Studies of cannabis use and accident risk
It is unclear whether cannabis use increases the risk of being involved in motor vehicle 
accidents. Surveys (42. 43) have found that the majority of cannabis users have driven 
after using cannabis, despite being aware of impairment (38,44 ). But epidemiological 
studies o f accident fatalities and injuries have not definitively shown that cannabis users 
are more likely to be involved in motor vehicle or other accidents. This contrasts w ith 
the tole o f alcohol intoxication in accidents w here casc-control studies have shown that 
persons with blood alcohol levels indicating intoxication arc over-represented among 
accident victims by comparison to drivers who are not involved in accidents (45). The 
lack of the evidence in the case of cannabis reflects major difficulties in obtaining the 
necessary evidence to assess its role (19).

There arc a substantial number of studies of the prevalence of cannabinoids in the blood 
of drivers w ho have been involved in motor vehicle accidents (see Chcshcr (19) and 
McBay (46) for reviews). Studies of accident fatalities tested post-mortem have found 
that 4% to 37% of blood samples contained cannabinoids. most often in combination 
w ith blood alcohol levels (BAC) indicative of intoxication (e g (47—49) An Austialian 
study of 1045 fatalities (50, 5 1) found cannabinoids in the blood of 11% of drivers, 35% 
of whom also had BACs indicative of intoxicating doses of alcohol. Similar findings 
have been reported in studies o f  Californian motorists tested on suspicion o f impairment 
by the Highw ay patrol (52) and in a prospective study of trauma patients (53).

These findings are difficult to evaluate for a number o f reasons, f  irst, it is not clear that 
drivers w ith cannabinoids are over-represented among accident victims because we do 
not know how many drivers who have not been involved in uccidcnts have cannabinoids 
in their blood (54). Finding a rate of 35% of accident victims with cannabinoids in their 
blood may seem high but so is the rate of cannabis use among young males, the group 
who are most likely to be involved in motor vehicle accidents (53). Second, the presence 
of cannabinoids in blood levels docs not necessarily mean that a driver was intoxicated 
by cannabis at the time of an accident (55) (see Chapter 2 above). Third, ii is difficult to 
attribute an accident to cannabis when drivers w ith cannabinoids in their blood also have 
high blood alcohol levels (19. 46).

‘Culpability analysis' has been developed to address these issues (54). In these analyses, 
a researcher decides which driver was 'culpable' for an accident using information aboul 
the circumstances o f the fatal crash but excluding information on their alcohol and drug 
aise. Drivers with no alcohol or other drugs in their blood are used as the control group ID 
see whether cannabis and other drugs increase driver culpability. A common problem 
with these analyses is thut the culpability ol drug-free drivers is often high. Tins makes it 
difficult to delect an increase in culpability among drivers with alcohol, cannabis and 
other drugs in their blood.
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Most culpability analyses have shown increased culpability among drivers with 
intoxicating levels of ale )hol in their blood (19, 56). Drivers who have only had 
cannabis present have been in the minority because most also have intoxicating doses of 
alcohol (19,56). There has been no evidence of an additive effect p f alcohol and 
cannabis in these analyses despite the fact that laboratory studies suggest that the 
impainncnts produced by alcohol and cannabis urc additive (19). These findings have 
been replicated in two Australian studies that used culpability analysis to examine the 
role of cannabis in fatal (51) and non-fatal lotor accidents (50. 57. 58). ’Ihcrc was a 
strong relationship between alcohol level and culpability in each study but neither study 
found any relationship between TH C  und culpability.

A different approach has been used by Gieringer (59), who estimated the proportion of 
drivers who might be expected to have blood and urine samples positive for 
cannabinoids from US household surveys. He estimated that cannabis users were 2 to 
4 times more likely lo be accident victims than non-cannabis users. Cannabis users who 
also used alcohol were even more likely to be over-represented among the victims of 
motor vehicle accidents.

4.3.5 Other epidemiological data on accidental injury
There is other suggestive evidence that cannabis use may increase the risk o f accidents 
Two surveys of self-reported accidents among adolescent drug users found a relationship 
between self-reported cannabis use and involvement in accidents Cannabis smokers 
were approximately twice as likely to report being involved in accidents than non­
cannabis smokers (60, 61).

Two studies of deaths among cannabis users provide suggestive evidence ol an 
association between cannabis use and accidents (62. 63). Andreasson and Allebeck 
reported mortality over 15 years among 50,465 Swedish milit y conscripts. They found 
that men who had smoked cannabis 50 or more i.nes by the age o f 18 had an increased 
risk of premature death (Relative Risk <RR) = 4.6) Motor vehicle accidents accounted 
lor 26% ol these deaths and 7% were other accidents (e.g. drowmngs and falls). The 
increased risk was no longer sta .tically significant after statistical adjustment for 
antisocial behaviour and alcohol and other drug use in adolescence (62).

Polen et al (63) compared health service use by 450 people who did not use cannabis, 
and 450 persons w ho were daily sm okers o f cannabis only, w ho w ere screened by Kaiser 
Permanenie Medical Centers between July, 1979 and December, 1985. They (ourul an 
increased use of medical care by cannabis-only smokers for accidental injury over one to 
two years o f follow-up, with cannabis users who were the heaviest alcohol users 
showing the highest rates ol use. Sidney et al (64) reported death rates after 10-years 
among 65,171 members of the Kaisei Permanente Medical Care Program aged between 
15 and 49. The sample comprised 38% who had never used cannabis, 20% who had used 
less than six tunes. 20% who were former users, and 22% who were current users. 
Regular cannabis users had a slightly increased rate o f premature death (RR = 1.33) but 
this was explained by increased deaths caused by AIDS in men, probably because 
cannabis use was more common among male homosexuals than male heterosexuals
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The major adverse acute effects of cannabis use arc anxiety and dysphoric experiences in 
a substantial minority of cannabis users. The nsks of fatal overdose arc very small, with 
no deaths reponcd in the medical literature

Cannabis adversely affects the performance of a number of psychomotor tasks in a way 
that is related to dose and the difficulty of the task. The acute effects on psychomotor 
performance o f cannabis in doses used recreationally are similar to but smaller than 
those of intoxicating doses o f alcohol. Alcohol and cannabis also differ in their effects on 
user's willingness to take risks when driving. Persons intoxicated by cannabis engage in 
less risky behaviour than persons intoxicated by alcohol because they seem to be more 
aware of their impainnent.

It has been difficult for technical and ethical reasons to decide whether the impairment 
produced by cannabis intoxication increases the risk o f motor vehicle accidents. There 
is reasonable evidence from studies of cannabinoid levels in accident victims, and the 
few epidemiological studies, to suggest that driving after using cannabis probably 
increases the risk o f motor vehicle accidents. The increased risk may be of the order o f 
2 to 4 times but it is difficult to rule out the possibility that it is the result of the 
combined use of cannabis and alcohol.
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5  C e l l u l a r  a n d  i m m u n o l o g i c a l  e f f e c t s  o f  

c a n n a b i s  u s e

5.1 Is c a n n a b is  a p o te n tia l  c a u s e  o f c a n c e r?

Cannabis could be a cause o f cancer if the cannabinoids it contains (or substances 
produced when it is burnt) produce genetic mutations in the user’s somatic cells (such as 
those in the lung) ( I ). There is only weak evidence that THC is 'mutagenic' in this sense. 
THC can produce changes in cellular processes in animal cells in the test tube (2) but 
these changes probably delay or stop cell division rather than produce cellular changes 
that may lead to cancer ( I ).

There is no evidence that THC and other cannabinoids produce mutations in microbial 
tests of mutagenicity, such us the Ames test ( 1. 3). There is inconsistent e \ idence on 
whether cannabinoids produce breaks in chromosomes (3) but if they do. these changes 
arc unlikely lo cause cancers ( I ) because chromosomal abnormalities are more likely to 
kill the affected cell than to produce malignant transformation and proliferation 11). A 
recent study in rats and mice found no evidence lhat THC caused cancer (4)

Cannabis smoke is mutagenic in the test tube, and hence is potentially a cause ol cancer 
(i.e. carcinogenic) ( I, 3. 5). Cannabis smoke produces chromosomal aberrations, is 
mutagenic in the Ames test (6) and causes cincers in the mouse skin test ( I ). Tire fact 
lhat it is cannabis smoke that is carcinorenic (6) suggests that any cancers caused by 
cannabis smoking are most likely lo rs. itr in organs that receive long term exposure to 
cannabis smoke and the tars it contains, such as the lung, the upper acrodigestivc tract 
(mouth, tongue, oesophagus) and the bladder ( l ).

5 .2  Is c a n n a b is  s m o k in g  a c a u s e  of a e ro d ig e s t iv e  
tra c t  c a n c e rs ?

T here are good reasons for suspecting that cannabis may cause cancers of the lung and 
the aerodigestive tract (the oropharynx, nasal and sinus epithelium, and the larynx) First, 
tobacco is a cause of respiratory cancer (7) and cannabis smoke contains many o f the 
same cancer-causing substances as tobacco smoke (8). Second, chronic cannabis 
smokers show many of the pathological changes in lung cells that precede the 
development o f cancer in tobacco smokers (9. 10).

Third, cancers of the upper aerodigestive tract have been reported in young adults who 
have been chronic cannabis smokers 111-15). In many cases these were also cigarette 
smokers and alcohol consumers bui C’aplan and Brigham reported two cases of cancer ol 
ihc-tongue tu men aged- 37_urid 52 years (12). neither ol who in smoked tobacco or 
consumed alcohol. A history o f long-term daily cannabis use was their only shared risk 
factor. These reports raise a suspicion but provide limited support for the hypothesis that
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cannabis use is a cause o f upper respiratory tract cancers. They do not compare rates of 
cannabis use in cases and controls, cannabis exposure has been assessed retrospectively 
and in the knowledge lhat the user has cancer: and they do not control for confounding 
factors such as alcohol and tobacco use.

Two recent controlled studies have produced inconsistent results. Sidney et al (16) 
studied cancer incidence during an 8.6 year follow up of 64.855 members of the Kaiser 
I'ennanente Medical Care Program (KPMCP). Study participants were asked about 
cannabis use during medical screening between 197*) and 1985. Their average age at 
entry was 33 years and they were followed until: death, a diagnosis of cancer or HIV/ 
AIDS, exit from the KPMCP or >1 December 1993 (u mean of 8.6 years). At study entry 
389) had never used cannabis, 209) had used it less than 6 times, 209) were former users, 
and 229b were current cannabis users. Data were collected from a cancer registry and the 
California mortality data system.

There were no more cases of cancer among 'hose who had ever used i annabis or who 
were Current cannabis users than among those who had not used cannabis at study entry . 
There were more tobacco-related cancers among tobacco smokers (regardless of 
cannabis use) but no more among cannabis smokers. Males w ho had ever smoked 
cannabis had an increased risk ot prostate cancer (RK = 3.1) and so did males who were 
current cannabis smokers (RR = 4.7) 1 16).

Zhang et al (17 ) compared rates of cannabis use among 173 persons with primary 
squamous cell carcinoma of the head and neck and 176 controls who were blood 
donors matched on age and sex from the same hospital Cases were more likely to 
have used cannabis than controls (149) and 109) respectively), with an odds ratio for 
cannabis smoking o f 2.6 after adjusting for cigarette smoking, alcohol use and other 
known risk factors. The cases w ith cancer smoked cannabis more often and for longer 
than the controls. The relationship between cannabis smoking and these cancers was 
stronger among adults under the age of 55 years (Odds Ratio (OR) = 3 .1). There was a 
suggestion that cancer cases were more likely to smoke both tobacco and cannabis than 
controls (17).

How do we reconcile the negative findings o f the Sidney el al study with that o f Zhang 
et al? The persons studied by Sidney et al were too young (average age of 43 at follow 
up) to see many excess cases o f cancer attributable to cannabis smoking. The chance of 
Sidney et al finding cancers was turthcr reduced because only 2291 were cannabis users 
at study entry.

There is as vet no evidence that regular cannabis smoking causes cancers of the lungs 
and lower respiratory tract of the type caused by cigarette smoking (10). Studies of 
respiratory cancers would be timely since cannabis users in the post-War birth cohorts 
are reaching the age o f 60 \ears w hen the incidence of all cancers steeply increases. A 
longer follow -up of the Sidney et al cohort may reveal whether cannabis smoking cau _-s 
respiratory cancers.
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5 .3  T h e  p u b lic  h e a lth  im p a c t  o f  c a n c e rs  c a u s e d  b y  
c a n n a b is  s m o k in g

On current patterns o f use, cannabis smoking will cuusc very few respiratory cancers, 
even if the risks of daily cannabis smoking arc comparable to those of daily tobacco 
smoking (18). This is because in Western societies there are many more daily tobacco 
(25-30% ) than daily cannabis smokers (1-3% ) (19). most cannabis smokers stop in their 
mid to late twenties (20), and the 1% or less who smoke cannabis daily over decades 
typically smoke I to 3 cannabis cigarettes per day rather than 10 to 30 tobacco cigarettes 
a day (21). Among this minority o f users, prolonged use of cannabis into the fourth and 
later decades may increase the risk of respiratory cancer, especially among tobacco 
smokers who also smoke cannabis.

5 .4  Is c a n n a b is  s m o k in g  d u r in g  p r e g n a n c y  a c a u s e  o f  
c h i ld h o o d  c a n c e rs ?

Cannabis smoking has also been linked to cancers in children bom lo mothers who used 
cannabis during their pregnancy . Three case control studies have examined cannabis use 
as a risk factor for childhood cancers, along with a range of other risk factors. There was 
no prior reason lo expect c mabis use to be related to these cancers, as there was w ith 
respiratory cancers.

Maternal cannabis use and childhood cancer were associated in a case-control study of 
Acute Nonlymphoblastic Leukemia (ANLL), a rare form of childhood cancer (22. 23). 
The study was designed to assess the relationship between this childhood cancer and 
maternal and paternal environmental exposures to petrochemicals, pesticides and 
radiation. Maternal cannabis use was assessed before and during pregnancy as one of 
many variables to be statistically controlled when analyzing the relationship between 
ANLL and maternal and paternal environmental exposures.

A strong association was found between maternal cannabis use and ANLL. The mothers 
of cases were 11 tunes more likely to have used cannabis before and during their 
pregnancy than mothers o f controls. The relationship persisted after statistical 
adjustment for other risk factors. An alternative explanation is that because reports of 
cannabis use were obtained after the diagnosis o f the ANLL. mothers o f children w ith 
ANLL may have been more likely to report cannabis use than were mothers of controls. 
The authors did find that the rate o f cannabis use among the controls in this study was 
much lower than among controls in other studies. When the rate of cannabis use among 
controls was adjusted upwards there was a reduced but still significant three-fold 
increase in risk.

Two other case-control studies have reported an increased risk of rhabdomyosarcoma 
(24) and astrocytomas (25) in children bom to women who reported using cannabis 
during Then pregnancies. Neiflier planned to srndy the assocrariorrbet ween childhood -  
cancer and maternal cannabis use. In each case, cannabis use was one of a large number 
of variables that were to be controlled for in statistical analyses of the relationship 
between the exposure of principal interest und the childhood cancer.
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Trends in the rates of these cancers suggest that these studies may have produced chance 
results. There was no increase in the rate of any of these cancers between 1979 and 1995 
(26). The rate of ANLL. for example, remained steady during this period (27). The same 
was true of soft-tissue sarcomas (which include rhabdomyosarcomas) (28). Cancers of 
the brain (about 52% of which arc astrocytomas) did increase in incidence between 1979 
and 1995 (29) but in a way that is more likely to reflect improved diagnosis than 
maternal cannabis use. The rate of these cancers increased abruptly in 1985, after 
Magnetic Resonance Imaging became widely available in the USA, and remained stable 
thereafter (29).

5.5 Immunological effects
Tobacco smoking suppresses humoral and cell-mediated immunity so it is reasonable, 
given the similarities between cigarette and cannabis smoke (30), to expect that cannabis 
smoke suppresses immunity (2). Cannabinoid receptors are also expressed in some 
immune cells (Kamminski, 1998) so THC may influence the immune system. If 
cannabinoids have immunosuppressive effects then their therapeutic use may be limited 
in patients with impaired immune systems. This could preclude their use as anti-emetic 
agents in cancer chemotherapy and as appetite stimulants and mood enhancers in 
patients with AIDS.

There are difficulties in deciding whether cannabis impairs the immune system in 
humans. First, most studies have been conducted on whole animals and in animal and 
human cell cultures lhat have been exposed to cannabis smoke or cannabinoids. The 
relevance o f these studies to humans is limited by the fact that they used very high oral 
doses of THC (31). Second, there have been very few epidemiological studies of 
immune system functioning and disease susceptibility in heavy chronic cannabis 
users (31).

5.5.1 Effects of cannabinoids on humoral immunity
The effect o f cannabinoids on humoral immunity has been assessed by measuring their 
effect on animal and human B-cell responses lo sheep red blood cells Cannabinoids do 
not consistently alter B cell functioning (32). While cannabinoids consistently impair the 
B-cell responses in mice, no such effects have been observed in humans, and the few 
positive studies have produced results that are w ithin the normal range (32).

Antibodies have been fomied to THC in animals (31) and there are clinical reports in 
humans lhat cannabinoids exacerbate allergies and that allergy to cannabinoids can 
develop in humans (31). Hollister (33), however, has argued that although a few persons 
may become truly allergic to cannabinoids it is more likely that these are rare allergic 
reactions that are due to contaminants (e.g. bacteria, lungi, moulds, parasites, worms, 
chemical) found in cannabis.

5.5.2 Effects of cannabinoids on cell-mediated immunity
Studies o f the effects of cannabinoids onT-cclls and m acrophage numbers have been 
mixed, w'ith some showing reductions (2) while others have not (34). The evidence is 
also mixed on the effect of cannabinoids on T-cell functioning. A number of the earliest
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studies suggested that T-ccIls from chronic cannabis users were less responsive hut later 
laboratory studies o f chronic heavy dosing in humans (35) have failed lo replicate these 
results. Studies exposing human T-cclls to cannabinoids have also produced mixed 
results while animal studies have showed a decreased T-cell response (32).
In a review o f the literature published in this field in the 1990s, Klein (31) concluded 
that THC affected the function of immune cells including lymphocytes, macrophages, 
and polynuclear cells in the lest tube but relatively high drug concentrations were 
required, the effects were not related to psychoactivity, and they were reversible.

5.5.3 Effects of cannabinoids on host resistance
Studies in mice and guinea pigs have suggested that high doses (200 mg/kg) o f THC 
reduce resistance to infection (36-39). A consistent finding in humans has been that 
exposure to cannabis smoke adversely affects alveolar macrophages, the immune cells in 
the respiratory system lhat comprise the first line o f defence against micro-organisms 
which enter the body through the lungs (5). Studies of these cells in cannabis smokers 
have shown abnormalities (40), and exposure of alveolar macrophages lo cannabis 
smoke impairs their ability to inactivate bacteria (5, 32). and a fungus (41). It is the 
noncannabinoid components o f cannabis smoke that produce these effects (5).

5.5.4 The human significance of the immunological effects of 
cannabinoids

The animal evidence is reasonably consistent tout cannabinoids impair cell-mediated and 
humoral immunity and :veral animal studies have found decreased resistance to a 
bacteria and virus. However, the doses required to produce these immunological effects 
in animals are much higher than the doses used by humans (1). Human users may also 
develop tolerance to any immunological effects o f cannabinoids, which may reduce the 
small effects projected faun animal studies. Given the large nuinher of cannabinoid 
effects to which tolerance has been shown to develop it would not be surprising if this 
w ere also true of its immunological effects.

The limited human ev idence is mixed. A small number of studies that suggest that 
cannabis use impairs immunity have not been replicated by others. Munson and Fehr 
(32) concluded that there was ‘no conclusive evidence’ that cannabinoids impaired 
functioning of T-Ivmphocytes. B-lymphocytes or macrophages, or reduced 
immunoglobulin levels in humans. There was 'suggestive ev idence 'o f impaired 
T-lymphocyte functioning reflected in an impaired reaction to mitogens and allogenic 
lymphocytes (32). More recently, Wallace el al (42. 43) failed to find impairment of 
lymphocyte function in alveolar macrophages in cannabis smokers although they did 
find it in tobacco smokers.

The significance of these immunological impairments in chronic cannabis users is 
uncertain. There have been sporadic reports of ill health among chronic heavy cannabis 
users in Asia and Africa (32) but these reports are difficult to evaluate because ol the 
confounding effects of poor living conditions and nutritional status (32). Three held 
studies o f the effects of chronic cannabis use in Costa Rica (44). Greece (45), and 
Jamaica (46), failed to find any evidence oTincreased"susee plibilify (6 infectious 
diseases among chronic cannabis users. But less than 100 users w-ere studied, a number 
which is too small to detect a small increase in the incidence of common infectious and 
bacterial diseases.
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A recent study by Polcn et al (47) compared health service utilisation by non-smokers 
und daily cannabis-only smokers enrolled in a health maintenance organisation. Their 
results provided suggestive evidence of an increased rate of treatment for respiratory 
conditions among cannabis-only smokers, although its significance is uncertain because 
infectious and non-infectious respiratory conditions were not separated. Further studies 
o f this type may better assess how serious a risk chronic heavy cannabis smoking poses 
to the immune and respiratory systems (31).

5.6 Effects of cannabis on immunity in 
im m unocom prom ised persons

Cannabis has been used by young adults in Western societies for over 30 years so the 
absence of epidemic infectious disease among these users makes it unlikely lhat cannabis 
smoking produces major impairments in the immune systems of users. The absence of 
such epidemics does not rule out the possibility that heavy cannabis use may impair 
immunity in ways that produce small increases in rates of common bacterial and viral 
illnesses (32). This could have escaped the notice of clinical observers.

Studies of the effects of cannabis use on patients with immune systems compromised by 
AIDS provide one way o f detecting immunological effects of cannabis. If there were no 
effects in patients with compromised immune systems, it would be a reasonable to infer 
that there was little risk o f immunological effects in recreational users.

A number of epidemiological studies of HIV positive homosexual men have examined 
the effects of cannabis and other drug use on progression to AIDS. Kaslow et al (48) 
studied progression to AIDS among 4,954 homosexual and bisexual men and found that 
HIV-positive cannabis users were not more likely to progress to AIDS and cannabis use 
was not related to immunological functioning. There was no relationship between 
cannabis use and progression lo AIDS over six years in 451 HIV-positive men in the San 
Francisco Men’s Health Study (49). The only study which found an association between 
cannabis and progression to AIDS was the Sydney AIDS Project in which 386 gay men 
were followed up over 12 months (50). This result may be at odds with the others 
because the study had a short follow up and many of the HIV positive cases may already 
have had AIDS (’30).

A study of deaths in 64,855 HMO patients in California (5 1 1 did find an association 
between cannabis use and premature death from AIDS. Unmarried men had much higher 
rates of cannabis use than married men but in this study cannab > use was probably a 
marker for high-risk sexual behaviour rather than an independent risk factor.
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Cannabis smoke is mutagenic (capable of inducing genelic mutation) and carcinogenic in 
animal tests and it contains many of the same caH nogens as tobacco smoke. It is 
therefore a potential cause of cancer in body cells that are chronically exposed to it. such 
as those of the aerodigestive and respiratory tracts.

There are case reports of aerodigestive tract cancers among relatively young adults who 
have been daily cannabis users. A case control study found an association between 
cannabis smoking and head and neck cancer but a large prospective study did not. The 
youth of the participants and the low rale of regular cannabis use in this prospective 
study reduced its ability to detect an increase in these cancers. Further follow-up and 
case control studies are needed to clarify the issue.

There is weaker evidence for an increased risk of cancers among children born to women 
who smoked cannabis during pregnancy. Three studies o f very different types of cancer 
have reported an association with maternal cannabis use but none of these was a planned 
study of the role of cannabis use in these cancers so replication of their results is 
required. There is no evidence that the rale of any o f these cancers has increased over the 
past few decades.

In animals THC in high doses can impair cell-mediated and humoral immunity and 
reduce resistance to infection by bacteria and viruses. The relevance t ‘hesc findings to 
human health is uncertain because the doses that produce these effects in animals are 
very high, and tolerance probably develops to the effects on the immune system in 
human users. The limited evidence on the immune effects o f cannabis in humans is 
conflicting: the small number of studies that have produced adverse effects have not 
been replicated. The studies that have prodi d evidence of adverse effects have 
reported small changes that arc w ithin the noimal range.

There has not been any increase in rates of infectious disease among chronic heavy 
cannabis users. Given the duration o f large-scale cannabis use by young adults in 
Western societies, the absence of such epidemics makes it unlikely that cannabis 
smoking produces major impairments in the immune system. It is more difficult to 
exclude the possibility that chronic heavy cannabis use produces minor impairments in 
immunity.

There are three prospective studies o f HIV-positive homosexual men two o f which 
indicated that continued cannabis use did not increase rates of progression to AIDS and 
one of which suggested that it did. A recent epidemiological study which compared 
health service utilisation by nonsmokers and daily cannabis smokers provided suggestive 
evidence of an increased rate of medical care use for respiratory conditions among 
cannabis smokers. The most sensitive test of any small immunological eflecls of 
cannabis may come from studies o f the therapeutic usefulness of cannabinoids in 
immunologically compromised patients, such as those undergoing cancer chemotherapy, 
or those with AIDS.

5 .7  S um m ary
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6 The re p roduc tive  e ffe c ts  o f cannab is  use

Studies conducted in the mid-1970s showed lhat animals given large doses of cannabis 
or THC during pregnancy had lower levels of the gonadal hormones (testi sn rone and 
oestrogen) thut control reproduction (1-5). There were also case repons of breast 
development in young men who had a history o f heavy cannabis use (6). A .tudy by 
Kolodny et al (7) found that chronic male cannabis users had lower levels of 
testosterone, a lower sperm count and motility, and more abnomial sperm thun controls. 
These observations raised concerns that the use of cannabis by young adults during the 
1970s and 1980s would impair fertility in men and adversely affect pregnancy outcomes 
in women. Cannabinoid receptors are expressed by cells in the hypothalamus and 
pituitary that regulate sex hormone production (8) so it is possible that THC can affect 
the functioning of the reproductive system.

6.1 Effects on the male reproductive system
Male animals given large doses of cannabis, crude cannabis extracts, T HC and other 
cannabinoids showed lowered testosterone levels, retarded sperm maturation, reduced 
sperm count and sperm motility, and increased rates o f abnormal sperm (1 ,5 ,9 , 10). 
Although the mechanisms for these effects were uncertain, it was likely that they were a 
direct effect o f THC on the testis, and an indirect effect on the hypothalamic hormones 
that stimulate the testis to produce testosterone (5).

Human studies of the effects o f cannabis on male reproductive function produced mixed 
results (9). The studs by Kolodny et al (7). which reported reduced testosterone, sperm 
production, and sperm motility and increased abnormalities in sperm, vsas not replicated 
in a larger, better controlled study of chronic cannabis users. This study failed to find any 
difference in testosterone level at study entry, or after three weeks of daily cannabis use 
(11). The significance of the animal findings for human cannabis users arc uncertain (2) 
because testosterone levels in human cannabis users have generally been within the 
normal range (12).

6.2 Effects on the fem ale reproductive system
In animal studies cannabis and THC interfere with the hormones controlled by the 
hypothalamic-pituitary-gonadal axis in non-pregnant female animals (1). delaying 
oestrous and ovulation (9). There have been very few human studies of the effects of 
cannabis on the female reproductive system because of fears that cannabis use may 
produce birth effects in women of childbearing age (13). An unpublished study by 
Bauman (1980 cited by Nahas (3)) compared the menstrual cycles of 26 cannabis 
smokers with d io seo f 17 controls and found a  luglicr rate ol' anovulatory cycles among 
the cannabis users. Mcndelson and Mcllo (14) failed to find that cannabis use affected 
he female sex hormones, or the duration ot the cycle. Mueller, Daling, Weiss and 

Moore (15) reported a modest association (OR = 1.7) between cannabis use and
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infertility in a case-control study o f 150 women with primury anovulatory infertility and 
150 controls. The relationship was strongest in women who had used cannabis less 
frequently. In the absence of any other human evidence, Bloch (1). the Institute of 
Medicine (2) and Murphy (9) have argued that the animal evidence suggests that 
cannabis use probably inhibits human female reproductive function but it is uncertain 
how large these effects arc.

6.3 Foetal development and birth defects
The possibility that cannabis use during pregnancy may adversely affect pregnancy 
outcomes is raised by evidence that THC crosses the placenta in animals (1 1 and humans 
(16). This makes it possible that THC, and other cannabinoids, may interfere with the 
development o f  the foetus, that is. may act as teratogens.

In mice. rats, rabbits, and hamsters large doses of cannabis or THC can produce foetal 
resorption, growth retardation, and malformations (1). Grow th resorption and growth 
retardation have been more consistently reported than birth malformations (17) and the 
doses that produce malformations have been very high (17). Birth malformations have 
been observed more often after the administration of crude cannabis extract rather than 
pure THC. suggesting that other cannabinoids may produce any teratogenic effects It is 
also unclear w hether these teratogenic effects can be attributed to THC or to reduced 
food intake caused by the large doses of cannabis that have been used ( 1. 17) Bloch ( I ) 
concluded that THC was unlikely to be teratogenic in humans and was. at most, ‘weakly 
teratogenic' in rodents and rats.

6.3.1 Human studies
Epidemiological studies of the effects of cannabis use on human reproduction have 
produced mixed results for a number of reasons. First, adverse reproductive outcomes 
and heavy cannabis use during pregnancy are relatively rare. This means that unless 
cannabis use produces a large increase m the risk of abnormalities, very large sample 
sizes w ill be required to detect adverse effects of cannabis use on foetal development. 
Many of the studies that have been conducted to date have been too small to detect 
effects o f this size ( 18-20).

Second, societal disapproval o f illicit Jrug use during pregnancy may discourage honest 
reporting when women are asked about drug use during their pregnancy (21). If a 
substantial proportion of cannabis users are misclassified as non-users, any relationship 
between cannabis use and adverse outcomes will be attenuated, requiring even larger 
samples to detect it (22).

Third, women who use cannabis during their pregnancies differ from those who do 
not in a variety of ways that may affect the outcome of their pregnancies. Cannabis 
users are, for example, more likely to smoke tobacco and use alcohol and illicit drugs 
during their pregnancy. They are also likely to have lower income, poorer education 
levels and poo rcrnum uo n .a ll u f .which predict an increased risk of poorer pregnancy 
outcomes (10, 20. 23). These make it difficult to confidently attribute any poor birth 
outcomes to cannabis use rather than to other drug use. or to poor maternal nutrition and 
prenatal carc.
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Given .hesc difficulties, there is rcusonublc consistency (although not unanimity) in the 
finding that cannabis use in pregnancy is associated with slightly reduced birth weight 
(24-26), and length at birth (23). This relationship has been found in the best-controlled 
studies, and it has persisted after statistically controlling for potential confounding 
variables (24, 25). A recent meta-analysis of these studies found that regular cannabis 
smoking during pregnancy possibly reduced birth weight hut results varied considerably 
between studies (27). The mean weight reduction o f 48 g (for any cannabis use vs no 
cannabis use during pregnancy) was much smaller than that associated with tobacco 
smoking during pregnancy, namely, 200 g (27).

The relationship between cannabis use and birth abnormalities is less certain. Milrnun 
(28) reported several cases o f children with features similar to the Foetal Alcohol 
Syndrome (FAS) bom to women who smoked cannabis during pregnancy but did not use 
alcohol. Epidemiological studies have largely not reported an increased rate of 
congenital abnormalities among children bom to women who used cannabis during 
pregnancy (23. 25. 26. 29).

One study reported a five fold increase in the rate of children w ith FAS-iikc features 
bom to women who reported using cannabis (29). This finding was puzzling because 
there was no relationship between self-reported alcohol use and the ‘foetal alcohol 
syndrome'. An additional study reported an increase in the crude rate of birth 
abnormalities among children born to women who reported using cannabis but this result 
was nn longer statistically significant after adjustment for con founders (30). The study 
by Zuckerman ct al is the most convincing study that failed to find an effect. A large 
sample of women was studied, among which a substantial proportion reported cannabis 
use that was verified by urinalysis. There was a low rate o f birth abnormalities among 
the cannabis users, and no suggestion that their rate was higher than that in the controls

6.4 Post-natal development
The most cxicnsivc research on the effects o f cannabis use during pregnancy on the post­
natal development o f the child comes from the Ontario Prospective Prenatal Study 
(OPPS). This study assessed developmental and behavioural abnormalities in children 
bom to women w ho reponed using cannabis during pregnancy (31-39), A sample of 
608 mothers were asked about their drug use during pregnancy and their children were 
measured on the Brazelton scales after birth and neurologicallv assessed at one month. In 
subsequent studies, these children were assessed using standardised scales at six and 
twelve months and throughout their childhood and into their adolescence (3 1)

The initial OPPS studies reported a developmental delay shortly alter birth in the infants’ 
visual system, and an increased rate o f tremors and startle among the children bom to 
cannabis users (31). The effects found at birth faded by one month, and there were no 
differences in performance on standardised tests of ability at six and twelve months.
Small effects were again reported at 36 and 48 month follow ups (40) but these were not 
found at-60und J2 ju o n tlis t4 U . These results are suggestive of a transient 
developmental impairment occurring among children who had experienced a shorter 
gestation and prematurity. It seems unlikely that the tests used in latet follow -ups were
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insensitive to the effects of prenatal cannabis exposure because they showed adverse 
effects of tobacco smoking during pregnancy on behavioural development al 60 and 
72 months (40. 41).

The results of studies that have attempted to replicate the OPPS findings have been 
mixed. Tcnnes et al (23) conducted a prospective study of the relationship between 
cannabis use during pregnancy and postnatal Development in 756 women, a third of 
whom reported using cannabis during their pregnancy. The children were assessed 
shortly after birth using the same measures as Fried (20) and a subset were assessed at 
one year of age. There were no differences in behavioural development after oirth 
between the children o f women who did and did not use cannabis and there were no 
differences at one year. More recently. Day et al (42). have followed up children at age 
three bom to 655 women who w ere asked about their substance use during pregnancy. 
They found a relationship between the mothers’ cannabis use during pregnancy and the 
children's performances on memory and verbal scales o f the Stanford-Binet Intelligence 
Scale at age three. A later fo'low up at age six did replicate the OPPS findings of 
increased irnpulsivity and impaired attention among children whose mothers had smoked 
cannabis during their pregnancy (43).

Fried and Smith (31) concluded after reviewing the literature that the effects of ’prenatal 
exposure to marihuana are subtle' and ’considerably moderated by other risk factors'. 
There were 'limited (if any ) effects upon foeitl growth and central nervous system 
functioning' and little evidence of effects on grow th and behaviour during the toddler 
stage They urgued that there was suggestive evidence for subtle effects after the age of 
three in irnpulsivity. attention and problem solving, the significance of w hich needed to 
be clarified by further research.

A more sceptical view w as expressed in a recent rneta-analytic review of the effects on 
foetal development of maternal use of cocaine, a drug w ith a much greater reputation for 
foetal toxicity than cannabis (44). Frank et al concluded that, alter controlling for 
exposure lo tobacco and alcohol, there w ere no effects o f prenatal cocaine use on 
physical o f behavioural development to age six.

6.5 Summary
High doses of THC use disrupt the male and female reproductive systems in animals. 
THC interferes with hormones controlling reproduction, reducing testosterone secretion, 
sperm production, motility, and viability in males, and interfering with the ovulatory 
cycle in females. It is uncertain whether these effects occur in humans, given the high 
doses used in animal studies, the inconsistency ot findings in studies ol human males, 
and the fact that the effects observed in the positive human studies arc still within the 
nomial range.

Cannabis use during pregnancy probably leads to lower birthweighl, ulthough the 
decrease is much smaller than that produced by-tobacco a se. Cannabis use during 
pregnancy is unlikely to be a major cause of birth defects but it is possible that cannabis 
use during pregnancy produces a small increase in the risk ol birth delects as a result ol
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exposure of the foetus in utero. There is suggestive evidence that infants whose mothers 
smoke cannabis during their pregnancy may expenence behavioural and developmental 
effects during the first few months after birrh and possibly in the longer term. These 
effects, if they exist, are likely to be smaller than comparable effects of alcohol use and 
tobacco smoking during pregnancy.
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7  C a r d i o v a s c u l a r ,  r e s p i r a t o r y  a n d  

g a s t r o i n t e s t i n a l  e f f e c t s

7.1 Cardiovascular effects of cannabis
One of the most consistent effects of cannabis in humans and animals is to increase hearl 
rate (1—3). This change parallels the subjectively experienced ‘high' and is related to the 
amount of THC in the blood (3,4). Healthy young adults are only mildly stressed by 
these cardiovascular effects of cannabis (5).

An increased heart rate is most obvious in occasional cannabis users because regular 
users become tolerant to this and other effects of THC (4). Tolerance occurs within 
24 hours in laboratory studies and even large amounts of cannabis may have little effect 
on heart late (1 ,2 , 6-9). Tolerance to these effects has also been observed in field studies 
o f chronic heavy cannabis users in Costa Rica (10), Greece (11), and Jamaica (12).
These studies failed to find any adverse effects of cannabis on hear, function.

7.1.1 Effects on patients with cardiovascular disease
Patients with ischaemic heart disease, hypertension, and cerebrovascular disease who use 
cannabis (13, 14) may experience cardiac arrhythmias, chest pain, and myocardial 
infarction (or heart attack). Because THC has analgesic effects it may mask chest pain, 
delaying treatment. Cannabis smoking also increases the level of earboxyhaemoglobin in 
the blood, decreases oxygen delivery to the heart and increases the work of the heart (4). 
Patients with cerebrovascular disease may experience strokes caused by changes in 
blood pressure and patients with hypertension may experience exacerbations o f their 
disease for the same reason.

A number of laboratory studies have found that smoking cannabis cigarettes adversely 
affects patients with heart disease. Aronow and Cassidy (15) compared the effect of 
smoking a cannabis and a placebo cigarette on heart rate and the time required .o induce 
chest pain in an exercise tolerance test. Heart rate increased by 43%. and the time taken 
to produce chesi pain halved alter smoking a cannabis cigarette. Aronov and Cassidy 
(16) compared the effects o f smoking u single cannabis cigarette and a high nicotine 
cigarette in 10 men with heart disease, all o f whom were cigarette smokers. Smoking 
cannabis produced a 42% increase in heart rale, compared with a 21 % increase after 
smoking the tobacco cigarette. Exercise tolerance time was halved after smoking a 
cannabis cigarette by comparison with a tobacco cigarette. These lindings have been 
conftmied by Goltschalk and colleagues (17).

7.1.2 Significance of cardiovascular effects
Lt seems unlikely that healthy young adults who occasionally smoke cannabis develop 
heart disease as a result of their cannabis smoking. Most o f these cannabis users 
discontinue their use by their late 20s ( 18. 19). A recent study (20) provides support for 
predictions that adverse cardiovascular effects may occur in a minority of chron.
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cannabis users who continue to use cannabis into their late 40s and early 50s. the age of 
highest risk for ncart disease (21).

M ittleman ct al reported a case-crossover study o f the possible role that smoking 
cannabis may play in triggering an acute myocardial infarction (heart attack) (20).
They asked 3882 patients who had had a myocardial infarction in the previous 4 days 
about their use o f  marijuana in the hour before it occuncd, and compared this with their 
typical frequency of use. Only 3.5% o f all patients, and 12.5% o f those under the age of 
44 years, had smoked cannabis in the previous year but it increased the risk of a 
myocardial infarction 4.8 times in the hour after use. The risk dropped rapidly after the 
first hour, as expected from the effects that THC and carbon monoxide from smoking 
have on heart function. The effect of smoking cannabis was smaller than the effect of 
cocaine use observed in earlier studies (a 24 fold increase). Milteleman et al estimated 
lhat a 44-vear-old adult who used cannabis daily w ould increase their annual risk of an 
acute cardiovascular event by 1.5% to 3%. They concluded that: 'smoking marijuana is a 
rare trigger of acute myocardial infarction' that 'm ay pose a health risks lo patients w ith 
coronary' heart disease and perhaps to individuals with multiple coronary risk factors'
(p. 2808). The significance of this contribution may rise as the proportion of older adults 
who smoke cannabis increases.

7.2 Effects on the respiratory system
It is likely that regular cannabis smoking adversely affects the respiratory system (22). 
Cannabis smoke is similar to tobacco smoke, jn d  contains a higher proportion of 
particulate mat.er and more of some carcinogens (e.g. benzpyrenc) than tobacco smoke 
(22, 23). The inhalation of cannabis smoke therefore deposits carcinogenic substances 
on lung surfaces. Cigarette smoking is a cause o f bronchitis, emphysema, and cancers of 
the lung, oral cavity, trachea, and oesophagus (24). Although tobacco smokers smoke 
many more cigarettes than cannabis smokers, cannabis smokers typically inhale more 
deeply, and hold their breath for longer, thereby depositing more particulate matter in the 
lung (22).

7.2.1 Chronic bronchitis and obstructive pulmonary disease
Convincing evidence that chronic cannabis use may impair lung function and cause 
symptoms o f respiratory disease comes from a series o f studies conducted by Tashkin 
and his colleagues since the nud 1970s (22). One of their early studies evaluated the 
effects of heavy daily cannabis moking on respiratory function. The subjects were 
young male cannabis smokers w ho were studied in a closed hospital ward where they 
were allowed free access to cannabis for 47 lo 59 days. There was a significant decrease 
in the function of large and medium-sized airways during the si t iy and the degree of 
impairment was related to the number o f cannabis cigarettes smoked, suggesting that the 
quantity of inhaled irritants was the important factor.

Tashkin and his colleagues (25) subsequently studied cannabis only smokers 
(MS. n -  I44), cannabis and tobacco smokers (MTS. n =~t35i; tobacco only-sm ekw.
(TS. n = 70), and non-smoking controls (NS, n = 97). These subjects were followed to 
study changes in lung function, signs and symptoms of respiratory disease, and 
histopathological changes that precede the development of cancer.
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Al baseline Tashkin et al (25) found more symptoms of bronchitis (such as cough, 
bronchitic sputum production, wheeze and shortness o f breath) in all types of smokers 
(MS, MTS, TS) than non smokers. Cannabis and tobacco smokers did not differ in the 
rales o f these symptoms. Lung function tests showed poorer functioning and greater 
abnormalities in small airways among tobacco smokers whereas cannabis smokers had 
poorer large airways function than non-cannabis smokers.

Follow up studies of this cohort have shown different effects o i cannabis and tobacco 
smoking on lung function (26). The first follow up study two to three years after the 
baseline study retested almost half o f these subjects, most of whom were in the same 
smoking categories as al baseline. At both baseline and follow up, cough, sputum, and 
wheeze were more common in smokers than among nonsmokers. There was no 
significant change in the respiratory status of any of the smoking groups over time when 
those individuals who ceased smoking were excluded. The same was found when the 
subjects were followed up 3 to 4 years after first assessment. In addition, the group that 
smoked both cannabis and tobacco showed both types o f  damage found in those who 
only smoked cannabis or tobacco.

Tashkin and colleagues (27 .28) studied the histopathology of the lungs in a sample 
of their cohort. Fligiel et al (27) compared the bronchial morphology of 30 males who 
were heavy smokers of cannabis-only with those of 17 cannabis and tobacco smokers,
15 tobacco only smokers and 11 nonsmoking controls. All subjects who smoked had 
more severe abnormalities than nonsmokers. Many of these were more common in 
cannabis smokers, and they were most marked in men who smoked cannabis and 
tobacco. These abnormalities occurred at a younger age in cannabis than tobacco 
smokers, despite the fact that the cannabis smokers smoked less than a quarter as many 
'jo ints ' as the tobacco smokers smoked cigarettes.

Additional research (29. 30) suggests a number of reasons why cannabis smoking may 
be more toxic to the respiratory system than tobacco smoking. Laboratory studies show 
that cannabis smokers inhale a larger volume of smoke than tobacco smokers (40% to 
54% more). They also inhaled more deeply and held their breath about four to five times 
longer than tobacco smokers As a result, they retained more particulate matter, and 
absorbed three ti nes more > oon monoxide, than tobacco smokers (29 ).

Other studies have replicated some o f the findings of Tashkin and colleagues. Bloom et 
al (3 1) examined the relationship between smoking ‘nontobacco’ cigarettes and 
respiratory symptoms and respiratory function in the general population. Their sample 
comprised 990 individuals aged under 40 years who were followed up in a prospective 
community study o f obstructive airways disease. The proportion who said that they had 
ever smoked a ‘non-tobacco’ cigarette was 14% (the same as the rate o f cannabis 
smoking in general population surveys at the time), 99J were current and 5% ex-smokers 
of ‘non-tobacco’ cigarettes. On average non-tobacco cigarettes were smoked 7 times per 
week for 9 years. Non-tobacco smokers were more likely to have smoked tobac o and 
they inhaled more deeply than tobacco only smokers.

Non-tobacco smokers reported m >re cough, phlegm, and wheeze, regardless o f whether 
they smoked tobacco or not. They also had poorer respiratory function. Those who had 
never smoked had the best functioning, followed in order of decreasing function by
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current cigarette smokers, current non-tobacco smokers, and current smokers of tobacco 
and non-tobacco cigarettes. Non-tobacco smoking alone had a bigger effect on 
respiratory function than tobacco smoking alone, and the effects of both types of 
smoking on respiratory function was additive.

Shem l et al (32) have reported follow up data on respiratory symptoms and respiratory 
function in this sample. Rates o f non-tobacco use declined over time, as did the quantity 
of cannabis that was smoked per week. At each follow-up non-tobacco smokers were 
twice as likely to report chronic cough, chronic phlegm and wheeze than non-smokers. 
The rale of reported symptoms increased with the number of non-tobacco cigarettes 
smoked per week and with the length of time that non-tobacco cigarettes were smoked. 
Non-tobacco smokers showed impairment on all indices of respiratory function.

Taylor et al (33) studied symptoms of respiratory disease and respiratory function in 
1037 young New Zealand adults who were followed from birth until age 21. They 
compared symptoms o f respiratory disease and respiratory function in those who were: 
cannabis dependent, cigarette smokers and non-smokers o f tobacco and cannabis. 
Tobacco smokers had a higher rate of chronic bronchitis, wheeze and cough than non­
tobacco smokers and the rate of these symptoms increased with the number of cigarettes 
smoked per day. Cannabis dependent subjects had higher rales o f w heezing, shortness of 
breath, chest tightness and morning sputum production than non-smokers, after taking 
account of tobacco use. Among cannabis dependent subjects the effects in cannabis users 
were similar to those in tobacco smokers of I - 10 cigarettes/day. A higher proportion of 
cannabis dependent subjects had impaired respiratory function and the adverse effects of 
tobacco and cannabis smoking on respiratory function were additive.

7.2.2 Respiratory cancers
As discussed in detail in Chapter 5, there is evidence that cannabis smoke is mutagenic 
and carcinogenic and a potential cause o f cancer in body cells lhat are regularly exposed 
to it, such as those of the aerodigestive and respiratory tracts. There are case reports of 
aerodigestive tract cancers among relatively young adults who have been daily cannabis 
users. A case control study has found an association between cannabis smoking and head 
and neck cancer (34). The only prospective cohort study to date has not found evidence 
of increased incidence of head and neck or respiratory cancers, although it found 
evidence of increased rales of prostate cancer. The relative youth of the participants and 
the low prevalence o f  regular cannabis use in the latter study reduced its ability to detect 
an increase in respiratory cancers. There is also evidence that the lungs of chronic 
cannabis smokers show changes in gene expression that appear to be precursors of 
cancer in tobacco smokers (35). Further follow ups o f the Sidney el al cohort (36), and 
additional case control studies, are needed to clarify the issue (see Chapter 5).

7.3 Effects on the gastrointestinal system
Studies in experimental animals have not found any evidence that THC causes liver 
damage (37-39). Liver weigfiCw arreduced b u rth ism ay  have been cmrsed by reduccd- 
food consumption because very high doses o f THC were used. There is no human 
evidence that the chronic use o f cannabis disturbs liver function (4).
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Anecdotal evidence suggests that cannabis increases appetite ( ’the munchics' or 'hash 
hungrics') (40-42). Cannabinoids reduce food and water intake in animals (4) but 
expenmental studies in humans provide some support for the anecdotal reports (43—45). 
THC in the synthetic fonn of dronabinol (Marinol) has been shown to produce weight 
gain when used to treat nausea and vomiting caused by cancer chemotherapy. A similar 
weight gain was reported when used in patients with HIV infection. There are now 
objective data to support these anecdotal reports, and these suggest lhat THC has a 
potential therapeutic use as an appetite stimulant.

7.4 Summ ary
Smoking cannabis increases heart rate and affects blood pressure but there is no 
evidence that these effects have a permanently deleterious effect on the normal 
cardiovascular system These effects arc less benign in patients with hypertension, 
cerebrovascular disease and coronary atherosclerosis in whom THC may increase the 
work of the heart. The seriousness of these effects in persons w ith cardiovascular disease 
will be determined as persons who initiated cannabis use in the late 1960s enter the risk 
period for cardiovascular disease.

Cannabis smoking causes chronic bronchitis and impairs functioning of the large 
airways and produces pathological changes in lung tissues that may be precursors of 
lung cancer. Case studies and a case-c ntrol study suggest that cannabis may cause 
cancers of the aerodigestive tract. Additional studies of these cancers arc a high priority.

There appears to be little or no human or animal evidence that cannabinoids affect liver 
function. The most interesting gastrointestinal effect of cannabis is its therapeutic use in 
reducing nausea and stimulating appetite in cancer and AIDS patients.
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8  E f f e c t s  o n  m o t i v a t i o n  a n d  t h e  r i s k

o f  d e p e n d e n c e

8.1 Mot iva t iona l e f fe c t s
Chronic duily cannabis use lias been rcporled to impair motivation in users in Egypt and 
the Caribbean (1). Young cannabis users in the USA in the early 1970s who were 
apathetic, withdrawn, let!" rgic and unmotivated (2, 3) were said to suffer from an 
‘amotivational syndrom e’ (3.4). It is difficult in these cases lo disentangle the effects of 
chronic cannabis use from those o f poverty, poor education and pre-existing psychiatric 
disorders (5-7).

The effects of cannabis use on motivation were assessed in a number of field studies of 
chronic cannabis users in Costa Rica (8). Jamaica (9) and the USA (10). Rubin and 
Comitas (9). for example, found that Jamaican farmers who regularly smoked cannabis 
w orked harder but less efficiently after using cannabis. A study of Costa Rican cannabis 
smokers produced mixed evidence on the effect o f chronic cannabis use on job 
performance. Carter et al (8) compared 4] heavy cannabis users (10 cannabis cigarettes 
per day for ten or more years) with 4 1 nonuscrs o f cannabis matched on age. i ital 
status, education, occupation, and alcohol and tobacco use. The nonuscrs were more 
likely: to have a stable employment history, to have been promoted and given pay rises, 
and lo be in full-time employment. Users spent more of their incomes on cannabis and 
were more likely to be in debt. Among users, however, those w ho had steady jobs or who 
were self-employed smoked twice us many cannabis cigarettes per day as those w ith 
mote frequent job  changes, or those who were chronically unemployed.

A follow up study of long-term cannabis users in the USA suggests that the 
amotivational syndrome is rare among long-term cannabis users. Hulikas et al (10) 
assessed symptoms of the amotivational sy ndrome in 100 regular cannabis users six to 
eight years after they were first studied. Only three individuals had ever experienced 
amotivational symptoms in the absence of depression and their use did not differ from 
that o f other cannabis users

Laboratory studies of long-term heavy cannabis use have also failed to clearly show that 
cannabis impairs motivation (5). Early studies conducted by the LaGuardia Commission 
(111 reported deterioration in behaviour among prisoners given daily doses of cannabis 
over a penod of some weeks but these repons were based upon uncontrolled 
observation. A study using standardised measures o f performance failed to observe such 
effects ( 11). In tins study 10 casi jl and 10 heavy cannabis smokers were observed in a 
laboratory over a 3 1 -day study period For 21 of these days subjects w ere given access to 
as many cannabis cigarettes as they earned by performing a simple task. All subjects 

—earned th euux jinuu ijm m b eu jf points allowed per day throughout the study' and their 
output was not affected by cannabis use. Providing similar access to alcoholln "Heavy 
drinking subjects in the same setting profoundly disrupted performance. Similar results 
were reported in a study by Campbell (12) in which young cannabis users were given
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high doses o f cannabis. They showed no gross behavioural changes, no social 
deterioration, and no alterations in intellectual functioning but their productivity was 
reduced when they were given 30 nig of THC per day. a dose that many subjects found 
unplcusant.

Schwenk (13) has recently reviewed evidence on the relationship between cannabis 
use and job performance in laboratory studies, surveys, observational studies, 
anthropological studies and studies of drug testing. He concluded that the associations 
between cannabis use and poor job perfonnance in laboratory studies and surveys were 
small. Schwenk argued thut these results were more consistent with the hypothesis that 
there was a relationship between the characteristics of cannabis users and poor job 
performance rather than with the hypothesis that cannabis use was a cause of poor job 
perfonnance.

The amotivational sy drome remains contentious because of differences of opinion 
about the value of clinical observations and controlled studies. Those who accept the 
existence o f the syndrome appeal to the small number of cases fitting the description of 
an 'amotivational syndrome' (14). Sceptics arc more impressed by the unsuppomve field 
and laboratory studies. If there is an amotivational syndrome, it is a relatively 
uncommon consequence o f prolonged heavy cannabis use Research suggests that the 
features of the 'amotivational syndrome’ can be better explained as symptoms of chronic 
cannabis intoxication in cannabis dependent users, thereby obviating the need to invent a 
new psychiatric syndrome (5).

8.2 I s  there  a c an n a b i s  d ep en d en c e  synd rom e?
For much of the 1960s and 1970s cannabis w as not regarded as a drug of dependence 
because it did not seem to produce tolerance or a withdrawal syndrome like that seen in 
alcohol and opioid dependence. Views changed in the late 1970s and early 1980s with 
the adoption of a broader conception of drug dependence 115). This new conception 
reduced the emphasis on tolerance and withdrawal and placed more emphasis on the 
compulsion to use, a narrowing of the drug using repertoire, rapid reinstatement of 
dependence after abstinence, and the high salience o f drug use in the user's life. It w as 
reflected in the Third und Fourth Revised Editions o f the Diagnostic and Statistical 
Manual (DSM-1II-R and DSM-IVj of the American Psychiatric Association (16. 17).

8.2.1 Drug dependence in DSM-IV
‘The essential feature of Substance Dependence is a cluster o f cognitive, behavioral and 
physiologic symptoms indicating that the individual continues use of the substance 
despite significant substance-related problems’ (p 176) (16). A diagnosis of Substance 
Dependence is made if three or more of the following criteria occur at any lime in the 
same 12-month peru/U:

' 1. tolerance, as defined by either of the following:

ic fca sed  am ounts o f :a. need ior markedly 
or desired effect

b. markedly diminished effect w ith continued use o f the same amount of the 
substance
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2. withdrawal, as manifested by either of the following:

a. the characteristic withdrawal syndrome for the substance

b. the same (or closely related) substance is taken to relieve or avoid withdrawal 
symptoms

3. the substance is often taken in larger amounts or over a longer period than was 
intended;

4. there is a persistent desire or unsuccessful efforts to cut down or control substance 
use;

5. a great deal of time is spent in activities necessary to obtain the substance 
(e.g., visiting multiple doctors, driving long distances), use the substance 
(e.g. chain smoking), or recover from its effects:

6. important social, occupational, or recreational activities arc given up or reduced 
because of substance use;

7. the substance use is continued despite knowledge of having a persistent or recurrent 
physical or psychological problem that is likely to have been caused or exacerbated 
by the substance.' (16).

8.2.1 Cannabis tolerance and withdrawal: experimental evidence
Cannabis users can develop tolerance to the effects of THC and they can experience 
withdrawal symptoms under certain conditions. Tolerance to many o f the behavioural 
and physiological effects of THC has been demonstrated in humans and animals 
( 18-23). The precise mechanisms arc unknown but they probably involve changes in 
cannabinoid receptor function (20, 24).

Jones and Benow itz (25) studied the effects of 210 mg dose of oral THC per day given in 
a fixed dosing schedule to healthy male volunteers with extensive histories o f cannabis 
use. Over the 30-day study, the positive effects of intoxication declined and there was a 
recovery in social, cognitive and psychomotor performance. Georgotas and Zeidenberg 
(19) also reported tolerance to the subjective effects o f cannabis in humans.

Early case reports o f cannabis withdrawal symptoms in humans have been supported by 
abstinence symptoms in laboratory studies (18, 21. 26). Studies in clinical and non- 
clinical samples of long-term cannabis users have reported withdrawal symptoms, such 
as anxiety, insomnia, appetite disturbance and depression (27-30).

Jones and Benow itz (25) abruptly withdrew regular cannabis users after two weeks on 
high doses of oral THC. Within six hours, they complained o f inner unrest’ and after 
12 hours they reported 'irritability, insomnia, and restlessness’ that were also observed 
by staff. These symptoms w ere correlated with THC dose and frequency of use, and 
were reduced after using cannabis (22). Georgotas and Zeidenberg (19) reported similar 
symptoms during the first week of abstinence in subjects who had received 210 mg of 
-sm oked cannabis a day for four weeks. Recent laboratory studies by Haney et al (31, 32) 
have reported withdrawal symptoms at much lower doses o f  THC giverTorally and by  
smoking. The most common symptoms were anxiety, depression and irritability.
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Kouri and Pope (33) reported a controlled prospective study of withdrawal symptoms 
among chronic cannabis users who were assessed daily on various withdrawal symptoms 
while in a hospital ward for 28 days. Their ratings of mood, anxiety, depression and 
im iabihty were compared to those of two control groups of abstinent former heavy 
cannabis users and non-users o f cannabis. During the course of the 28 days the chronic 
cannabis users showed decreases in mood and appetite and increases in irritability, 
anxiety, physical tension, and physical symptoms, and their scores on the Hamilton 
Depr ssion and Anxiety scales increased. These appeared within 24 hours and were most 
marked in the first lOdays although the increase in irritability and physical tension 
persisted throughout the 28-day observation period.

Research using the cannabinoid antagonist SR I41716A (which immediately reverses the 
effects of THC) has show n that a w ithdrawal syndrome can Ik  produced in rats, mice 
and dogs that have been maintained on THC (34. 35). The antagonist produces 
compressed and accentuated symptoms that arc much more dramatic than the milder and 
more prolonged symptoms that occur under usual conditions of human use (36). The 
relatively long half-life and complex metabolism of cannabis may also result in a less 
intense w ithdrawal syndrome than drugs such as opiates (24).

8.2.2 Epidemiological studies of cannabis dependence
The Epidemiological Catchment Area (ECA) study estimated the rates o f cannabis abuse 
and dependence in US population in the early 1980s (37). It found that 4.49} of the US 
population had a diagnosis of cannabis abuse or dependence according to DSM-llI 
criteria. A third of those with lifetime cannabis abuse or dependence (38% ) reported 
problems with cannabis use in the last >ear. Men had a higher risk of cannabis 
dependence than women, with the highest nsk among 18 lo 29 year olds. (38).

The most common symptoms reported by those who were cannabis dependent were, 
requiring larger amounts (21% ), having psychological (21% ) or social (17%) problems 
attributed to cannabis, and inability to reduce use (8%). Few reported health problems 
(5%) or withdrawal sickness (3%) (39). Surveys using similar methods to the ECA have 
produced similar estimates of the rale of cannabis dependence in Canada and New 
Zealand (40-42).

The National Comorbidity Survey (NCS) conducted in the USA between 1990 and 1992 
(43) found that 4.29} of adults met DSM-I1I-R criteria for cannabis dependence al some 
lime in their lives. The proportion of people who had ever used cannabis who met 
criteria for cannabis dependence was 9%. This compared to 32%' ol nicotine, 23%,' of 
heroin. 17% of cocaine ’ r ~ , r alcohol and 119} of stimulant users who met criteria for 
dependence.

The Australian National Survey of Mental Health and Well-being (44) found that 1 7% 
of Australian adults met the International Classification of Diseases (IC D -10) (45) 
criteria for a diagnosis o f cannabis dependence, and 0 .1 % met criteria lor harmful use in 
the previous year. One in four (23% ) of those who had used cannabis more than five 
Times in tlielasf yearTrigTcriteria fo r cannabis dependence or harmful use^-----------------------

Effects on motivation and the risk of dependence



72

8.2.3 Studies of long-term cannabis users
Studies of long-temi cannabis users in Eg) pi (46), India (47), Germany (2), Greece (48), 
Costa Rica (8) and Jamaica (9) did not study symptoms o f dependence other than 
withdrawal, which then defined dependence. Stercoiy, .*d use patterns, persistent desire 
lo quit, tolerance, chronic intoxication, mild withdrawal and continued use despite 
problems were reported in the Egyptian. Indian und Jamaican studies hut there were no 
w ithdrawal symptoms reported in the Costa Rican. Jamaican or Greek studies.

Kandel and Davies (49) described problems reported by a subset o f daily cannabis users 
(aged 28-29 years) who were recruited in a large prospective study of 1.222 adolescents. 
The major adverse consequences of carutaois use reported were: cognitive deficits, 
reduced energy, depression, and, among males, problems with their spouse.

Recent Australian surveys of long-term cannabis users diagnosed a substantial 
proportion as cannabis dependent. Among 243 rural cannabis users, who had used 
cannabis several times a week for 19 years, 57% qualified for lifetime DSM -lll-R and 
ICD-IO cannai u  dependence diagnoses (30). The most common symptoms reported 
were, frequent intoxication during daily activities (73%) and a strong urge to use 
cannabis (75%). Few reported withdrawal symptoms (5% ) or using cannabis to relieve 
withdrawal symptoms (20%). although 54% reported tolerance. Only 26% believed they 
had a problem with cannabis and only 9% had sought help to cut down or stop

Among 200 young Sydney adults who had used cannabis al least weekly for 11 years, 
92% met criteria for a DSM-III-R lifetime diagnosis of dependence and 40% were 
classified as severely dependent (29). Tolerance and w ithdrawal were reported by 78% 
and 76% respectively and use to relieve w ithdrawal symptoms by 39%. Most met criteria 
for cannabis dependence in the past year according to DSM-III-R (77%) and 1CD-I0 
(72%) criteria. A follow-up of these users found that cannabis use and dependence 
symptoms w ere stable over a year (50). The majority (81%) of the follow -up sample met 
criteria for a dependence diagnosis during the last year on three measures o f dependence.

8.2.4 Clinical populations
Cannabis dependent persons seek help w ith cannabis-related problems in Australia, the 
United States and Europe. The National Census o f  Clients o f Australian Treatment 
Serv ice Agencies (51 .52) found that the proportion of cases in whom cannabis was the 
main drug problem increased from 4% in 1990 to 7% in 1995. Between 1994 and 1998 
cannabis was the primary drug o f  abuse for betw een 11% and 26% of clients of 
treatment agencies in the United States (53. 54). Cannabis was the primary drug problem 
for between 2% and 16% of clients attending treatment agencies in the European Union 
in 1998 (55).

A Swedish trcaiment program (56) reported that its clients typically complained ot: 
unsuccessful attempts to stop or moderate use and frequent (often daily) intoxication 
despite suffering adverse effects connected with their cannabis use These included 
sleeplessness, depression, impaired concentration and memory, and blunting of 
emotions. — --------------------------------------------------------------- — -----------
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Stephens and colleagues (57) described the symptoms reported by 382 persons who 
sought help to cease cannabis use. These included: an inability to stop using (93%). 
feeling bad about using cannabis (87% ), procrastinating (86% ), loss of self-confidence 
(76%), memory loss (67% ) and withdrawal symptoms (51%). Similar experiences have 
been reported among users in recent US (28, 58) and Australian studies o f interventions 
for problem cannabis use (27). In the Australian study, among 180 long-term cannabis 
users seeking help, the most comm* .i symptoms were withdrawal and use to relieve 
withdrawal

8.2.5 The risk of cannabis dependence
People who use cannabis daily over weeks to months are most likely to become 
dependent. Kandcl and Davis (49) estimated that one in three daily cannabis users met 
DSM-III criteria for dependence. The risk of dependence among less frequent users of 
cannabis is lower (59). In the ECA study, 17% of those who used cannabis more than 
5 times met DSM-III crilenu for dependence al sometime in their lives (38). In the 
National Comorbidity Study (NCS). Anthony el al (43) estimated that the proportion of 
persons who had ever used alcohol, amphetamines, cannabis, cocaine, heroin, nicotine 
and sedatives w ho met DSM-III-R criteria for dependence on each drug at some time in 
their lives were: 32%. for nicotine, 23% for heroin. 15% for alcohol and cocaine and 9% 
for cannabis.

These estimates suggest the following rules of thumb about the nsks of cannabis 
dependence. For those w ho have ever used cannabis the risks of developing dependence 
is probably of the order of one chance in ten. Among those w ho use the drug more than a 
few times the risk of developing dependence is in the range of from one in five to one in 
three. As a rule, the more often cannabis has been used, and the longer it has been used, 
the higher the risk of dependence.

The follow ing factors also predict a higher risk of regular involvement with cannabis: 
poor academic achievement, deviant behaviour in childhood and adolescence, 
noneonfonnity and rebelliousness, personal distress and maladjustment, poor parental 
relationships, earlier use. and a parental history o f  drug and alcohol problems (49, 
60-62).

8.2.6 The consequences of cannabis dependence
The large gap between the ECA estimates of cannabis abuse and de|iendencc in the 
community and the number of cannabis users who seek treatment suggests that many of 
these cases remit without treatment, as is true o f alcohol abuse and dependence (6 3 1 
Kandcl and Dav ies (49) found that by age 28 to 29, less than 15% o f daily cannabis users 
were still using daily, and Bachman et al have found that most regular cannabis users 
discontinued their use during the m d to late twenties ((>4).

Among the minority o f regular cannabis users who are sufficiently troubled to si help 
the major complaints are: a loss o f  control over their cannabis use, cognitive and 
motivational impalWTCnK which may interfere with work performance. luw craLsdf: 
esteem and depression, and complaints by spouses and partners about their frequent
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intoxication (sec above). There is no doubt that some dependent cannabis users report 
impaired performance and a reduced quality o f everyday life but more research is 
necessary to decide how common this is, and how impaired cannabis dependent 
persons arc.

8.2.7 The treatment of cannabis dependence
Little research has been done on the son of assistance that should be given to cannabis 
users who seek help to stop using cannabis (65). Although many users may succeed in 
quitting w ithout piolessional help we need to assist those who are unable to stop on their 
own. It is not clear what type of treatment should be provided for dependent cannabis 
users who have repeatedly failed to stop using cannabis and seek help.

Roffman et al (66) reported one of the few randomised controlled trials comparing group 
based relapse prevention and social support. Subjects were 120 men and women (aged 
32 with 16 years of cannabis use) who answered advertisements for help to stop using 
cannabis. One-month uftcr treatment only 30% of their patients were still abstinent and 
by the end o f a year only 17% were abstinent

Stephens et al (67) recently reported another study of behavioural treatment for cannabis 
dependence in 291 subjects. Subjects were randomly assigned to one o f three treatments:
(1) a 14 session group based relapse prevention intervention (RPSG) similar to their 
earlier study but with more sessions; (2) an individualised advice (lA li two session 
intervention using principles of motivational interviewing adapted from Miller's 
Drinker's Check-up; and (3) a delayed treatment condition (DTC) in which participants 
did not receive any treatment for four months.

At the four month follow up all three groups had reduced their cannabis use but the two 
treatment groups showed the largest reduction and did not differ from each another. In 
the treatment groups 37% were abstinent compared w ith only 9% in the delayed 
treatment group. The amount of cannabis use also declined by 70% in the treatment 
groups and by 30% in the delayed treatment groups Abstinence rates declined over time 
but the two treatments did not differ at 7, 13 and 16 months after treatment. Twenty-two 
percent o f  participants were abstinent throughout the 16 month study and their 
abstinence w as corroborated by partners and family members.

Budney, Higgins, Radmovich and Novy (68) reported a controlled comparison o f three 
treatments for 60 cannabis dependent patients. They compared three treatments: 
motivational enhancement to quit (M l. motivational enhancement plus behavioural 
coping skills (MBT). and MBT plus incentives to remain abstinent (MBTV). In the 
latter, vouchers for retail items w ere exchanged for urine samples that were negative lor 
cannabinoids. The MBTV group had a longer period o f  continuous abstinence than the 
other two groups which did not differ from each other. By 14 weeks post-treatment 
fewer than 10% of participants had been continuously abstinent from cannabis.

Copeland, Swift, Roffman and Stephens (69) replicated the study by Stephens el al (67) 
m art Australian ’sampler ) ftey-randemly assigned.229 cannabis dependent adults to three 
treatments: a six session cognitive behavioural intervention; a single session cognitive

•
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behavioural treatment, and a delayed treatment control group who were offered 
treatment four months after the other two groups. Only 6.5% of all subjects (n = 11) 
were continuously abstinent during the 8-inonth follow up period and all of these were in 
the treatment groups. There were greater reductions in cannabis related problems and in 
dependence symptoms in the two treatment groups.

So far rates of continuous abstinence from cannabis have been low in the treatments 
tested, although there have been substantial reductions in rates of use and problems 
related to use. Nonetheless, much more research is needed before sensible advice can be 
given about the best ways to achieve abstinence from cannabis. In the absence of better 
evidence of treatment effectiveness, people offering treatment for cannabis dependence 
should avoid replicating experience in the treatment o f alcohol dependence where 
inpatient treatment has been widely adopted in the absence o f any evidence that it is 
more effective than outpatient forms o f treatment (70, 71).

8.3 Summary
There is no compelling evidence for an amotivational syndrome among chronic cannabis 
users. Some heavy users do complain of impaired motivation bui this pattern of 
behaviour is better explained us a symptom of chronic intoxication among persons w ho 
are cannabis dependent.

There is good evidence that a cannabis dependence syndrome can develop in some 
chronic cannabis users. These users develop tolerance, experience withdrawal symptoms 
on cessation of use, have problems controlling their cannabis use, and continue to use 
despite the experience of adverse personal consequences of use. Cannabis dependence is 
the most common fomi of drug dependence after alcohol and tobacco in the USA and 
Australia. The risk of developing dependence is about:: one in ten among those who ever 
use the drug; between one in five and one in three among those who use cannabis more 
than a few times: and around one in two among those who become daily users. Few 
cannabis dependent persons seek treatment, probably because many disorders remit 
without treatment. It is not clear as yet what advice should be given to the minorit) of 
dependent cannabis users who seek help to stop their use.
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9  T h e  e f f e c t s  o f  c a n n a b i s  u s e  o n  c o g n i t i v e  

f u n c t i o n i n g

' annabis acutely impairs cognitive perfonnance, so there is an understandable concern 
mt its chronic use may cause longer lasting impairment o f cognitive functioning. This 
ossibility seemed to be supported by clinical observers in the USA during the early 

1970s (e.g. Kolansky and Moore. (I, 2)) who reported that young adults who hud used 
cannabis weekly or more often had 'poor attention span, poor concentration, confusion'
(2). More recently, some long-term cannabis users seeking help to stop using cannabis 
have complained that their memory and thinking is impaired (3). The difficulty with 
these reports has been in ruling out alternative explanations, namely, that cognitive 
impairment preceded cannabis use or was the result of other drug use.

9.1 Cross-cultural studies
One research strategy has been to examine cognitive performance in heavy cannabis 
users in cultures with a tradition of heavy use. An early report by Soueif (4) illustrates 
the problems with this strategy. Soueif studied Egyptian male prisoners of whom 850 
were hashish smokers and 839 controls. The hashish users performed more poorly than 
ilk wOntrols on ten of sixteen measures of perceptual speed and accuracy, distance and 
time estimation, immediate memory, reaction time and visual-motor abilities (4-7). The 
findings were weakened because the two groups also differed in ways that may have 
affected cognitive performance, namely, the hashish users were less well educated and 
more likely to use opiates and alcohol (8).

In the late 1960s the National Institute on Drug Abuse (NIDA) commissioned three 
cross-cultural studies in Jamaica, Greece and Costa Kica to assess the effects of chronic 
cannabis use on cognitive functioning (among other things). It was assumed lhat any 
cognitive effects of chronic daily cannabis use should be apparent in users with a long- 
history o f heavy cannabis use. a pattern of use that was common in these cultures.

Bowman and Pihl (9) reported two field studies of cannabis users in Jamaica w ho had 
been daily cannabis users for a minimum of 10 years (23 joints per d a .., while controls 
had no experience w ith cannabis. No differences were found between the users and 
nonuscrs in either study or when rural and urban samples were combined. Rubin and 
Comitas (10) reported similar findings in a study of 30 Jamaican cannabis users who had 
used for 17.5 years and 30 nonusers.

The Greek study ( I I .  12) compared 47 daily hashish users (who used for 23 years) with 
40 controls matched for age, sex. education, demographic region, socioeconomic status 
and alcohol consumption. The groups did not differ in total IQ) score on either the WA1S 
ui R av en \ HiQL'ressive Matrices hut the controls obtained a higher verbal IQ score than 
hashish users and the users performed worse than controls on all but one of the subtests 
of the WA1S (13) Since subjects did not abstain from hashish before testing, it was not 
clear whether these differences were due to long-term hashish use, or the acute effects of 
the drug at the time of testing.
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In the Costa Rican study (14), researchers c. .npared 41 males who had used 1U cannabis 
joints per day for 17 years with matched controls on a test battery that assessed 
neuropsychological, intellectual and personality variables. The Costa Rican users did not 
differ significantly from controls on any test. Page, Fletcher and True (15 )followed up 
this sam ple after 10 years, by which time they had used cannabis fot around 30 years. No 
differences were detected on any of the original tests but there were significant 
differences on three new tests of sustained attention and short-term memory. They 
em phasised that these differences were ‘quite subtle' and ‘subclinical’, with only a small 
number o f  subjects clinically impaired. It was also difficult to exclude the possibility that 
the differences were due to recent cannabis use, since 24 hour abstinence was re., icstcd 
but not verified,

A number o f studies of long term Indian cannabis users have also reported cognitive 
impairment. Agarwal et al (16) studied forty subjects who had used bhang daily for 
about 5 years. A comparison of their scores w ith normative data found that 18% had 
memory impairment, 28% showed mild intellectual impairment (IQs less than 90), and 
20% showed substantia) cognitive disturbances on the Bcndcr-Gestalt Visuo-Motor Test. 
Wig and Varma (17) substantially replicated these results and Mendhiratta. Wig and 
Vcrma's (18) found that 50 heavy cannabis users reacted more slowly and had poorer 
concentration and time estimation than 50 matched controls.

The cross-cultural studies o f long-term heavy cannabis users provide equivocal evidence 
of cognitive impairment among long-term cannabis users. They have cither failed to f ind 
any differences or have found modest cognitive impairment in persons with a long 
history o f  heavy cannabis use. Their negative results cannot be attributed to short 
duration o r low intensity o f cannabis use because these subjects had used cannabis for 
between 17 and 23 years, and the amount o f THC consumed per day ranged from 
20-90  mg in the Jamaican study to 120-200 mg in the Greek sample. The differences 
that were observed are difficult to interpret because users often had higher rates of 
polydrug use, poorer nutrition, poorer medical care, and higher rates of illiteracy than 
controls, all factors which may have biased these studies towards finding poorer 
pcrlormance among cannabis users. Many o f these studies also failed to ensure that 
subjects were not intoxicated by cannabis at the time of testing.

9.2 Studies of Western cannabis users
StLiies ol the cognitive performance of North American cannabis users have generally 
been on college students with much shorter histories o f cannabis use than the chronic 
users in the cross cultural studies (19). It is therefore unsurprising that most of these 
studies have failed to find evidence of cognitive impairment in cannabis users (19). One 
study to w hich these criticisms do not apply is that o f Schaeffer et al (20) who studied 
cognitive impairment in 10 heavy cannabis users in the United States who used cannabis 
daily for religious reasons. Al! were Caucasian and all had been bum and educated in the 
USA. All had smoked between 30 and 60 gms of cannabis a day for over 7 years and 
they had not used alcohol or any other psychoactive substances. At the time of testing, 
all subjects had evidence of recent heavy cannabis use in their urine. Overall, their scores 
on the WA1S IQ test were in the superior to very superior range, and their scores on all 
other tests were writhin normal limits but with only 10 subjects the study had a limited 
capacity lo detect cognitive impairment.
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9 . 3  L a b o r a t o r y  s t u d i e s  o f  d a i l y  c a n n a b i s  u s e

Another strategy for investigating the cognitive effects of chronic cannabis use has been 
to study the cognitive performance o f persons who use cannabis daily over periods of 
weeks. These studies have controlled the quantity, frequency, and duration o f  cannabis 
use, as well as nutrition and other drug use. by observing subjects in a hospital ward 
while they use cannabis. All such studies have used prc- and post-drug observation 
periods. The sample sizes in these studies have been small and cannabis has been used 
from 21 to 64 days.

Dombush et al (21) administered cannabis containing 14 mg THC lo 5 regular cannabis 
users for 21 days. They were tested before and 60 minutes after using cannabis on 
short-term memory and digit symbol substitution. Performance on the short-term 
memory test decreased on the first day of drug administration but gradually improved 
until by the lust day of the study it had relumed lo baseline. Perfonnance on the digit 
symbol substitution test was unaffected by cannabis but unproved w ith time as a result 
of practice.

Mcndelson. Rossi and Meyer (22) studied the effects o f 21 days of cannabis use on 
20 healthy, young male subjects who smoked as much cannabis us they wanted to. 
Short-term memory w as impaired during intoxication but there was no impairment of 
performance before or after cannabis smoking. Similar failures to detect cognitive effects 
have been reported in three other studies (23-25).

9.4 Controlled laboratory studies of chronic 
cannabis users

Research studies in the late 1980s and 1990s improved upon the earlier studies of 
chronic cannabis users by using control groups, verifying abstinence from cannabis 
before testing, and quantifying the quantity, frequency and duration of cannabis use 
(Solowij, 1998). More effort was als nade to relate specific cognitive processes to 
quantity, frequency and duration of cannabis use.

A study by Block and colleagues (26) addressed the concern that cannabis users had 
poorer cognitive ability than controls before they started using cannabis. Block et al 
matched their user and nonuser samples in their scores on the Iowa Tests of Basic Skills 
collected in the fourth grade of high school, ensuring that the two groups did not differ in 
intellectual abilities before they began using cannabis. Block and colleagues compared 
144 cannabis users. 64 of whom were light users (less than 4 times per week for
5.5 years) and 80 heavy users (5 or more times per week for 6.0 years) w ith 72 controls 
aged 18-42. Twenty-four hours of abstinence was required prior lo testing. The results 
showed that heavy * .mnabis users performed more poorly on tests of verbal expression 
and mathematical skills on the 12th grade Iowa test.

Solowij et a! (27-29) studied the effects o f long-term cannubis user’s ability lo exclude 
irrelevant stimuli when concentrating their attention on a task. Solowij assessed 
attentionai processes in long-term cannabis users using a combination ol performance
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and brain event-related potential (ERP) measures as markers o f underlying cognitive 
processes. She measured the amplitude and latency of ERP components that have been 
shown to ictlect various stages of information processing.

Solowij et al (27) studied 9 cannabis users aged 19—10 who had used cannabis for 
11 years for an average of 5 days per week. They were matched on age, sex. years of 
education and alcohol consumption with 9 controls who had cither never used or had 
used cannabis fewer than 15 times in their lives. Subjects were excluded if they had a 
history of head injury, neurological or psychiatric illness, had used other drugs, or had 
high levels o f alcohol consumption. The groups did not differ in premorbid IQ estimated 
by the N ART score (30). Cannabis users were asked to abstain from cannabis and 
alcohol for 24 hours prior to testing and were urine tested to ensure that they did so.

Subjects performed an auditory selective attention task in which random sequences of 
tones varying in location, pitch and duration were presented through headphones while 
brain electrical activity (EEG) was recorded. They were asked to attend to a particular 
pitch presented in particular ear, and to respond to long duration tones by pressing a 
button. Cannabis users performed significantly more poorly than controls, with fewer 
correct detections, more errors and longer reaction times. They were less able than 
controls to filter out irrelevant information, suggesting (hat long-term cannabis use 
impaired the ability to efficiently process information.

In a second study Solcwij et al (28, 29) assessed relationships between degree of 
impairment and the frequency and duration of cannabis use. Thirty-two cannabis users 
were divided into four groups of equal size (N = 8) defined by frequency (light: 2 or 
fewer times per week versus heavy: more than 3 times per week) and duration (short 
4 or fewer years o f use versus long: 5 or more years if cannabis use). Subjects were 
matched to a group of nonuscr controls (N — 16). The cannabis users performed worse 
than the controls and the greatest impairment was in the heavy user group. The long 
duration user group found it harder to ignore irrelevant stimuli than the short duration 
users and controls who did not dnlcr. This impairment increased w ith the number of 
years o f use but it was not related to frequency of use. There were no differences 
between groups defined on frequency of use on this measure. Speed of imormation 
processing was related to frequency of cannabis use but not to duration of use.

Solowij (31) assessed whether these ERP changes in long-term cannabis users persisted 
after extended abstinence from cannabis. She studied 32 former users who had used 
cannabis for a mean of 9 years and who had been abstinent for a mean of 2 years. She 
found some partial recovery of functioning: the speed of information processing was not 
reduced in the ex-users but their ability to ignore irrelevant stimuli remained impaired. 
The degree of impairment increased with the length o f cannabis use and was unrelated to 
the length o f  abstinence.

Supportive evidence was provided by a NIDA funded study by Struve and colleagues til 
CNS changes in chronic cannabis users. This research found evidence o f larger changes 
in EEG frequency, primarily n frontal-central cortex. TrfdaiTy cannabis USersnt u p to  
30 years duration compared to short icim users and nonusers (32). The results also
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suggested lhat the EEG changes increased with the number of years of daily cunnabis 
use. The major limitation of this research is that changes in frequency of EEG spectra 
have not been shown to be related to cognitive functioning.

This research group also assessed cognitive functioning (33-35) in subjects screened 
for cuncnt or past psychiatric and medical disorders and CNS injury. Daily cannabis 
users who had at least 3 years ol use were compared to a group who had used daily for 
6-14 years, a group who had used on a daily busis for 15 years or more, and a nonuser 
control group. Sumplc sizes averaged 15 per group. They reported a dosc-response 
relationship between test performance and intensity o f cannabis use, with controls 
performing best, followed by short term daily cannabis users, with the poorest 
perfonnance in die very long-term group (33-35).

Pope and Yurgelun-Todd (36) compared the cognitive pcrlomtancc ol heavy and light 
cannabis using college students The heavy users (n = 65) had used for at least 2 years, 
on 28 of the past 30 days, and hud cannabinoids in their urine. The light users tn -  64) 
had used no more than 3 days in the past month und had no cannabinoids in their urine 
The authors used this design bccuusc they argued that infrequent users would 'differ less 
from heavy users on some possible confounding variables than would control subjects 
who had never used cannabis at all. while still differing sharply from heavy users on . 
extent of recent cannabis use' (,p 521).

Subjects were admitted overnight to u hospital ward to ensure that they were abstinent 
from cannabis at least ly  hours before being tested. The two groups did not differ on any 
social or demographic variables, except that heavy users came from more affluent 
families and scored more poorly on Verbal IQ and self-reported Scholastic Aptitude 
Tests. These differences were statistically adjusted for when comparing the two groups 
on the neuropsychological tests. The groups did not differ on tests of digit span, auditory 
sequential processing, the Stroop lest or the Wechsler Memory Scale. They differed on 
tests of attention (the Wisconsin lest, the Benton VFT, and the CLVT) and these 
differences persisted when adjusted for differences in verbal IQ. self-reported SAT score 
and other drug use.

9.5 Epidem iological evidence
l.yketsos ct al (37) reported a large-scale prospective epidemiological study of the effect 
of cannabis use on cognitive functioning. They followed up 1318 adults 11.5 years after 
they were assessed on the Mini Mental State Exam (MMSE) and assessed cognitive 
decline on the MMSE. They also inquired about use of cannabis, alcohol and tobacco. 
Their study came close to meeting the criteria lor an optimum study specified by Pope 
et al (38), namely, it was a longitudinal study using a large sample of people from the 
general population who were assessed on cognitive performance and on cannabis and 
other drug use. Lykctsos et al found that the mean MMSE score declined by 1.2 points 
over 11 5 years and the decline was greater among older participants. There was. 
"however, no relatiorisTTijrtsCTWccnvannabis use and-the deerine-m-MMS E score, and tins 
lack of relationship persisted when adjustments were made for age. sex. education, 
minority status and use of alcohol and tobacco.
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The Lykctsos ct al study supports other evidence that cannabis use does not produce 
gross impairment of cognitive function but for a number of reasons it does not exclude 
the possibility dial cannabis use causes more subtle cognitive impairment. First, only 
57% of those initially interviewed were followed up and those lost to follqw up had 
poorer MMSE scores at first assessment. Second, the MMSE is a screening test for gross 
cognitive impairment; it is not sensitive lo small changes in cognitive functioning (39). 
Third, more than two weeks daily use at any of the three assessments qualified us 
'heavy cannabis use’. Since cannabis use declines steeply with age (40) very few of this 
sample were likely to be daily cannabis users for any length o f time.

9.6 Studies of neurotoxicity
Human studies of brain anatomy have generally failed to find signs of gross 'brain 
dam age' after chronic use of cannabis (19. 41). The human studies of cognitive 
functioning suggest that cannabis may produce more subtle changes in brain function 
that existing methods of brain imaging arc not sufficiently sensitive to detect 19). Wert 
and Raulin (41) proposed, that on the available evidence 'there are no gross structural or 
neurological deficits in marijuana-using subjects, although subtle neurological features 
may be present' (p.624).

9.7 Summary
The evidence suggests that long tenn heavy use of cannabis does not produce severe 
impairment of cognitive function like that observ ed in heavy alcohol users. There is 
some evidence that daily cannabis use over many years may produce more sui tie 
impairment in memory, attention and the organisation and integration of complex 
information. This evidence suggests lhat these fomis o f cognitive impairment increase 
with the duration of cannabis use. It remains to be seen whether the impairment can be 
reversed by an extended period of abstinence.

Well controlled studies using sophisticated methods of investigation have failed to 
demonstrate gross structural change in the brains of heavy, long tenn cannabis users. 
These negative results are consistent with the evidence that any cognitive effects of 
chronic cannabis use are subtle, and hence unlikely to be manifest as gross structural 
changes in the brain.
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1 0  C a n n a b i s  u s e  a n d  p s y c h o t i c  d i s o r d e r s

There is reason lo suspect thai cannabis use may be a cause o f psychotic disorders,
i.e. mental illnesses in which sufferers experience hallucinations and delusions and 
show impaired reality testing THC produces symptoms found in some psychotic 
disorders, namely, euphoria, distorted time perception, and cognitive and memory 
impairments (1. 2). In laboratory studies normal volunteers given high doses o f THC 
have reported visual and auditory hallucinations, delusional ideas, thought disorder, and 
symptoms o f hypomania (3 ,4). A ‘cannabis psychosis’ has been reported by clinical 
observers in countries with a long history o f heavy cannabis use, such as India and 
Egypt (1 .5 ).

Wc need to distinguish two hypotheses about |K>ssiblc relationships between cannabis 
use and psychosis (6). The strongest causal hypothesis is that heavy cannabis use can 
cause a ‘cannabis psychosis’, that is. a psychosis would not occur in the absence of 
cannabis use and in which the causal role o f cannabis can be inferred from the symptoms 
and their relationship to cannabis use (being preceded by heavy cannabis use and 
remitting after abstinence).

A second hypothesis is lhat cannabis use can precipitate an episode o f schizophrenia. 
According to this hypothesis, cannabis use is one factor among many others (including 
genetic predisposition and other unknown causes) lhat bring about schizophrenia, a 
psychotic disorder which becomes chronic in a substantial proportion of those who 
develop it.

If cannabis use can precipitate schizophrenia ii is also likely that it can exacerbate the 
symptoms of the disorder. Even if cannabis use does not precipitate schizophrenia, its 
use may exacerbate symptoms o f schizophrenia either directly, by affecting the 
dopaminergic system in the brain, or indirectly, by reducing compliance w ith, or 
interfering w ith the effects of. the neuroleptic drugs used to treat its symptoms.

In order to infer lhat cannabis use is a cause of psychosis in any o f these ways we need 
evidence: that cannabis use and psychosis are associated; that chance is an unlikely 
explanation of the association; that cannabis use preceded the psychosis; and that 
plausible alternative explanations of the association «.an be excluded (7). As we w ill see. 
there is evidence that cannabis use and psychosis are associated, that chance is an 
unlikely explanation of the association, and that cannabis use often precedes psychoses. 
The most difficult task is excluding the hypothesis that the relationship between cannabis 
use and psychosis is due to other (actors (e.g. other drug use, or a genetic predisposition 
both lo develop schizophrenia and use cannabis).

10.1 ‘A cannabis psychosis’
Case reports o f ‘cannabis psychoses’ ( 8 - I I ) describe individuals who develop psychom 
symptoms or disorders after using cannabis. Chopra and Smith (9), for example, 
described 200 patients who were admitted to a psychiatric hospital in Calcutta between
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