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The adverse health and psychological consequences of cannabis dependence

Abstract

People who become dependent on cannabis are more likely than infrequent users to experience any of
the adverse health effects that are caused by chronic cannabis use. Dependent cannabis use is rare in
comparison with the more prevalent pattern of experimental and intermittent use (Bachman et al., 1997),
but it may nonetheless affect as many as 1% of adults in the USA and Australia in any 1 year (Anthony et
al., 1994; Hall et al., 1999a). Dependent cannabis users typically smoke two or more cannabis cigarettes a
day over periods of years or decades in a minority of cases (Copeland et al., 2001; Solowij, 2002; Swift et
al., 1998b).

This chapter summarizes the most probable adverse health effects that cannabis-dependent persons are
at increased risk of experiencing. With few exceptions (e.g., Solowij et al., 2002; Taylor et al., 2000), the
literature does not directly assess the adverse health effects of cannabis dependence. The most probable
effects can nonetheless be inferred from the more common studies of the effects of long-term daily
cannabis use because many daily users are dependent on cannabis (Swift et al., 1998a, 2001). The
chapter reviews evidence on the adverse health effects of more or less daily use over periods of years
during young adulthood, and among those who seek treatment in their mid-thirties who have used
cannabis more or less daily for the past 15-20 years.
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The Adverse Health and Psychological
Consequences of Cannabis Dependence

WAYNE HALL AND NADIA SOLOWI]
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from North America, although more work is beginning to be reported from
Australia (e.g., Swift et al., 1998a), the Netherlands (e.g., van Os et al., 2002),
and New Zealand (e.g., Fergusson et al., 2000), where there are relatively high
rates of cannabis use among young adults.

The value of these epidemiological studies is often weakened by difficulties in
excluding alternative explanations of associations observed between cannabis
use and adverse health outcomes (Hall ef al., 1999b). Heavy cannabis use, for
example, is correlated with alcohol and tobacco use, both of which adversely
affect health in ways that may be difficult to distinguish from the effects of
cannabis (e.g., respiratory disease and motor vehicle accidents). These interpre-
tative issues are highlighted in the following review.

The Respiratory Risks of Cannabis Smoking

Over the past two decades, cross-sectional and longitudinal studies in the USA
have shown that people who are regular smokers of cannabis but not tobacco
have more symptoms of chronic bronchitis than non-smokers (see Tashkin,
1999, for a review). The immunological competence of the respiratory system
in people who only smoke cannabis is also impaired, increasing their suscepti-
bility to infectious diseases, such as pneumonia (Tashkin, 1999).

A prospective study was recently conducted by Taylor et al. (2000, 2002)
who studied symptoms of respiratory disease and respiratory function in 1037
New Zealand youths who were followed from birth until age 21. They com-
pared symptoms of respiratory disease and respiratory function in those who
were cannabis dependent, cigarette smokers, and non-smokers of tobacco and
cannabis. After adjusting for the effects of tobacco use, it was found that
cannabis-dependent subjects had higher rates of wheezing, shortness of breath,
chest tightness, and morning sputum production in comparison to non-smokers.
The effects of cannabis dependence on respiratory symptoms were “generally
similar to and occasionally greater than for tobacco smokers of 1-10 cigarettes/
day” (Taylor et al., 2000, p. 1673). A significantly higher proportion of
cannabis-dependent subjects also had evidence of impaired respiratory func-
tion. The adverse effects of tobacco and cannabis smoking were additive.

Taylor et al. (2002) reported a follow-up of this cohort to age 26 years in
which analyses were undertaken of the cumulative effects of cannabis on respi-
ratory function (objectively assessed by forced expiratory volume and vital
capacity). The study assessed cannabis use at ages 18, 21, and 26 years, and care-
fully controlled for the effects of cigarette smoking assessed at the same ages.
The heaviest cannabis users (900 or more occasions of use by age 26 years) had
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cannabis smokers show many of the pathological changes in lung cells that pre-

cede the development of cancer in tobacco smokers (Tashkin, 1999).

Cancers have been reported in the aerodigestive tracts of young adults who
have been chronic cannabis smokers (Donald, 1991; Taylor, 1988). In many
cases, members of this group were also cigarette smokers and alcohol con-
sumers, but Caplan and Brigham (1990) reported two cases of cancer of the
tongue in men aged 37 and 52 years who neither smoked tobacco nor con-
sumed alcohol. A history of long-term daily cannabis use was their only shared
risk factor. These reports raise a suspicion but provide limited support for the
hypothesis that cannabis use is a cause of upper respiratory tract cancers. They
do not compare rates of cannabis use in cases and controls, and cannabis expo-
sure has been assessed retrospectively, knowing that the user has cancer.

Sidney et al. (1997) studied cancer incidence during an 8.6-year follow-up of

64,855 members of the Kaiser Permanente Medical Care Program. Participants
were asked about cannabis use during medical screening (average age 33 years)
between 1979 and 1985 and followed up for a mean of 8.6 years. At study entry,
38% had never used cannabis, 20% had used it less than 6 times, 20% were for-
mer users, and 22% were current cannabis users. There were no more cases of
cancer at follow-up when those who had ever used cannabis and current
cannabis users were compared to those who had never 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 who
had ever smoked cannabis had an increased risk of prostate cancer (relative risk,
RR = 3.1), and so did males who were current cannabis smokers (RR = 4.7).

Zhang et al. (1999) 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 (14% and 10%, respectively),
with a 2.6 odds ratio (OR) for cannabis smoking after adjusting for cigarette
smoking, alcohol use, and other risk factors. The cases with 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 (OR = 3.1).

Two recent studies of oral squamous cell carcinoma have failed to find any
association between cannabis use and oral cancers. Llewellyn et al. (2004)
reported a case—control study of 116 cases (identified from a cancer register)
and 207 age and sex matched controls (sampled from the same general practices
as the cases). They failed to find any association between self-reported cannabis
use and oral cancers in young adults but they only compared people who had
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that frequent but relatively short-term use of cannabis produces neither struc-
tural brain abnormalities nor global or regional changes in brain tissue volume
or composition that are assessable by magnetic resonance imaging (MRI)
(Block et al., 2000a). More recent research has found reduced cortical gray mat-
ter and increased white matter in those who commenced using cannabis before
the age of 17 years compared to those who started using later (Wilson ez al.,
2000). The possibility that there may be greater neurotoxic and adverse hor-
monal and developmental effects of cannabis use in adolescence deserves fur-
ther attention in research.

A number of studies have demonstrated altered brain function and metabo-
lism in humans following acute and chronic use of cannabis using cerebral
blood flow (CBF), positron emission tomography (PET), and electroencephalo-
graphic (EEG) techniques. In the most recent carefully controlled study, Block
and colleagues (2000b) found that after more than 26h of supervised absti-
nence, frequent cannabis users (17 times per week for approximately 4 years)
showed substantially lower resting levels of brain blood flow (up to 18%) than
controls in a large region of posterior cerebellum and in prefrontal cortex.
Similarly, Lundqvist et al. (2001) showed lower mean hemispheric and frontal
blood flow shortly after cessation of cannabis use. These changes may have
direct or indirect effects on cognitive function.

Loeber and Yurgelun-Todd (1999) have proposed that chronic cannabis use
results in changes at the cannabinoid receptors that affect the dopamine sys-
tem. This, in turn, produces a global reduction in brain metabolism, particu-
larly in the frontal lobe and cerebellum. Recent research is increasingly using
functional imaging techniques to examine brain activation during the perform-
ance of cognitive tasks (e.g., Porrino et al., 2004; Smith er al., 2004; Solowij
et al., 2004). Preliminary studies have shown diminished activity in the brains
of chronic marijuana users relative to controls, even when the cannabis users

abstained from cannabis for 28 days prior to testing (Block et al., 2002; Loeber &
Yurgelun-Todd, 1999).

Chronic Cannabis Use and Cognitive Impairment

Cognitive impairments, particularly short-term memory deficits, are reported by
many cannabis-dependent persons who seek help to cease using cannabis, and
are often given as one of the main reasons for wanting to stop using cannabis
(Solowij, 1998). The evidence from controlled studies, however, indicates that
long-term heavy use of cannabis does not appear to produce severe or grossly
debilitating impairment of cognitive function like that produced by chronic

—____———
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recovery following a median 2 years abstinence (range 3 months—6 years) in a
small group of ex-users performing a selective attention task. Sensitive brain
event-related potential measures, however, continued to show impaired informa-
tion processing that was correlated with the number of years of cannabis use.
Bolla ef al. (2002) found persistent dose-related decrements in neurocognitive
performance after 28 days abstinence in heavy young users (mean age 20,
5 years use). Pope et al. (2001) reported that memory impairments may recover
after 28 days abstinence from cannabis, while in another report based on the
same sample (Pope et al., 2002), they found that verbal and memory deficits per-
sisted in those who had commenced cannabis use prior to the age of 17 years but
not in those who started later in life. Subjects were between the ages of 30 and
55 years at the time of the study. This finding accords with other findings of
adverse effects in those commencing regular cannabis use before versus after the

age of 17 years (Ehrenreich ez al., 1999; Wilson et al., 2000). Further research is
needed to elucidate the impact of cannabis use on the developing brain.

The hippocampus, prefrontal cortex, and cerebellum are major sites of endo-
genous cannabinoid activity and strongly implicated in the cognitive impairments
associated with chronic cannabis use. Functional brain imaging studies hold
promise for further investigation of the parameters of cannabis use that are asso-
ciated with specific short- or long-lasting cognitive deficits and the neurocognitive
concomitants of dysfunction (e.g., Porrino et al., 2004; Smith ez al., 2004; Solowij
et al., 2004).

Lyketsos et al. (1999) have reported the only large-scale prospective epi-
demiological study of the effect of cannabis use on cognitive functioning. They
assessed cognitive decline on the Mini Mental State Examination (MMSE) in
1318 adults over 11.5 years. They found no relationship between cannabis
use and decline in MMSE score, and this persisted when adjustments were
made for age, sex, education, minority status, and use of alcohol and tobacco.
The Lyketsos ef al. study is consistent with other evidence that cannabis use

does not produce gross cognitive impairment (Solowij, 1998), but for the fol-
lowing reasons it does not exclude the possibility that cannabis use causes
more subtle cognitive impairment.

First, only 57% of those initially interviewed were followed up, and those
who were not followed up had poorer MMSE scores at first assessment. Second,
the MMSE is a screening test for gross cognitive impairment. It tests a restricted
set of very simple cognitive functions and it is, therefore, not sensitive to smaller
changes in specific cognitive functions. Third, any effect of cannabis use may

have been diluted by the inclusion among “heavy users” of people who reported
smoking daily or more often for over 2 weeks during any one of the study wave
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periods. Since cannabis use declines steeply with age (Bachman et al., 1997),
few in this sample were likely to be daily cannabis users for any length of time.

Accidental Injury and Chronic Cannabis Use

Cannabis intoxication produces dose-related impairments in cognitive and
behavioral performance, slowing reaction time and information processing,
impairing perceptual-motor coordination and motor performance, short-term
memory, attention, signal detection, tracking behavior, and time perception (Hall
et al., 1994; Solowij, 1998; Ramaekers et al., 2004). These effects increase with
the dose of THC, and are larger and more persistent in tasks that require sus-
tained attention (Chait & Pierri, 1992: Hall et al., 1994).
It has been unclear until recently whether these impairments increase the
risk of motor vehicle accidents in most cannabis users (Hall ef al., 2001).
Studies of the effects of cannabis upon on-road driving performance, for
example, found modest impairments (Smiley, 1999) as cannabis-intoxicated
persons drive more slowly and take fewer risks than alcohol-intoxicated drivers,
probably because they are more aware of their psychomotor impairment than
alcohol-affected drivers (Smiley, 1999). Epidemiological evidence on the role
of cannabis use in fatal motor vehicle accidents had also been equivocal because
blood levels of the cannabinoids often studied did not indicate whether a driver
or pedestrian was intoxicated at the time of an accident (see Hall et al., 2001 for
a review). Moreover, many drivers with cannabinoids in their blood also have a
high blood alcohol level at the time of the accident (Hall et al., 2001). The fact
that cannabis was rarely found on its own in motor vehicle fatalities was con-
sistent with the epidemiological evidence that cannabis is often used with alco-
hol (e.g., Hall et al., 2001). The separate effects of alcohol and cannabis on
psychomotor impairment and driving performance were approximately additive
(Chesher, 1995).

More recent evidence supports an increased risk of accidents among cannabis
users who drive. Gerberich et al. (2003) analyzed the relationship between self-
reported cannabis use and hospitalization for accidental injury in a cohort of
64,657 patients from a Health Maintenance Organization (HMO). Current
cannabis users had higher rates of all-cause injury, self-inflicted injury, motor
vehicle accidents, and assaults than former cannabis users or non-users, in both
men and women. These relationships persisted for all-cause injury after control-
ling for other variables including alcohol and tobacco use among both men
(RR = 1.28) and women (RR = 1.37). The relationships for motor vehicle acci-
dents (RR = 1.96) and assault (RR = 1.90) persisted after statistical adjustment
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Cardiovascular Effects

The most consistent physiological effect of cannabis in humans and animals is t
increase }.1eart rate (Chesher & Hall, 1999; Jones, 2002). This change arail IO
the experienced *“high” and is related to amount of THC in the blood %Ctish e&i
Hall, 1999). The hearts of healthy young adults are only mildly stressed b tlelr
effects (In.stitute of Medicine, 1999; Jones, 2002; Sidney, 2002). An incy es:i:
heart rate is most obvious in occasional cannabis users beca,luse use:rs becorileat:s e1
erant to these effects of THC within 24 h in laboratory studies and, in some s,
even large amounts of cannabis had little effect on heart rate (C’hesher &Cifeli,
1999; Jon.es, 2002). The development of tolerance to these effects has also b .
observed ‘m field studies of chronic heavy cannabis users in Costa Rica. C;) e,
and Jamaica. These studies failed to find any evidence of cardiac toxicit’ rflbece,
to cannabis use (Chesher & Hall, 1999). yreined
.Th.ere are .a number. of concerns about the effects of cannabis use on patients
;v(;gh }scl‘lemlc heart disease, hypertension, and cerebrovascular disease (Jones
2; Slflney, 2002). These include the possibilities of cardiac arrhythmi ,
chest p2}1n, and myocardial infarction (heart attack). As THC has a}rllal 1a§’
effec'ts, it may mask chest pain, delaying treatment seeking. Cannabis smoglfiillc
ZIS(-) increases the leve.l of carboxyhaemoglobin in the blood, decreasing oxygergl
elivery to the heart, increasing the work of the heart and, perhaps, the risk of
atheroma formation (Jones, 2002). Patients with cerebrov’ascular (iiseasesm;y
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also experience strokes caused by changes in blood pressure and patients with
hypertension may experience exacerbations of their disease for the same reason
(Chesher & Hall, 1999).

Mittleman et al. (2001) reported a case-Crossover study to assess whether
smoking cannabis may trigger an acute myocardial infarction. They asked
3882 patients who had had a myocardial infarction in the previous 4 days about
their use of marijuana in the day on which it occurred. They compared this with
the rate of cannabis use on another recent day when they had not had an infarct.
Cannabis use was found to increase 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 time course of the effects that THC and carbon monoxide
have on heart function. Mittleman et al. estimated that a 44-year-old adult who
used cannabis daily would increase their annual risk of an acute cardiovascular
event by 1.5-3%. '

The findings of this study are consistent with laboratory studies that have
found that smoking cannabis cigarettes adversely affects patients with heart dis-
case. Aronow and Cassidy (1974) compared the effect of smoking a cannabis
and a high nicotine cigarette on heart rate and the time required to induce chest
paininan exercise tolerance test. Heart rate increased by 43%, and the time taken
to produce chest pain halved after smoking a cannabis cigarette. Aronow and
Cassidy (1975) compared the effects of smoking a single cannabis cigarette and
a high nicotine cigarette in 10 men with heart disease, all of whom were cigarette

smokers. Smoking cannabis produced a 42% increase in heart rate, 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 findings have been confirmed by Gottschalk et al. (1977).

Special Populations of Cannabis-Dependent Persons
The Educational Consequences of Adolescent Cannabis Dependence

Adolescents who initiate cannabis use in their early teens are more likely to
become regular cannabis users and are more likely to discontinue a high school
education and to experience job instability in young adulthood (Hall & Pacula,
2003a; Lynskey & Hall, 2000). The strength of these relationships in cross-
sectional studies is reduced in longitudinal studies when account is taken of the fact
that adolescents who are heavy cannabis users have lower academic aspirations
and poorer high school performance prior to using cannabis than do their peers
who do not use at the same age (Hall & Pacula, 2003a; Lynskey & Hall, 2000).
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A cgusal interpretation of the link between early cannabis use and subsequent
educational performance has been supported by studies that have statisti(iall
co.ntrolled for a range of variables on which cannabis users and non-users diffe}r/
prior to their cannabis use (e.g., Fergusson & Horwood, 1997, 2000; Macleod
e.t al., 2004). In these and other studies, early cannabis use pred,icts an’increased
risk of cannabis dependence, early school leaving, and precocious transitions to
adult roles by engaging in early sexual activity, unplanned parenthood durin
adolescence, unemployment, and leaving the family home early (Hall & Paculag
2003a; Hall et al., 2001; Lynskey & Hall, 2000). Fergusson et al. (2003a) attrib:
ute.the lower educational achievement in young people to the effects of the
social c.:ontext in which cannabis is used, rather than any specific effect of
cannabis itself on intellectual ability or motivation. It is still possible that poorer

cognitive functioning might contribute t
0 poor school performance and h
early school leaving. ’ et

The Gateway Hypothesis

Resea.rch on drug use in adolescence and adulthood among American adoles-
cents in the 1970s has consistently found a regular pattern of initiation into the
use of illicit drugs in which cannabis use typically follows alcohol and tobacco
::Z laflg ggelx):.edes the use of stimulants and opioids (Hall & Lynskey, 2003; Hall
The interpretation of this sequence of drug initiation remains controversial
(Hall & Lynskey, 2003b). Some argue that the pattern arises because the phar-
macological effects of cannabis increase the likelihood of using more hazariious
drugs le.lter in the sequence, a hypothesis for which there is some supportive ani-
mal evidence (Hall & Lynskey, 2003b). There is also support for two othe
hypotheses that are not mutually exclusive: r

[. that there is a selective recruitment into cannabis use of non-conforming
adolesce‘nts who have a propensity to use a range of intoxicating sub-
stances, including other illicit drugs;

2. that once recruited to dependent cannabis use, the regular social interaction

with dr1.1g using peers and the illicit drug market increases the likelihood of
their using other illicit drugs (Hall et al., 2001).

When compared to non-using peers, adolescents who start cannabis use earl
and become daily cannabis users are at a higher risk of using other illicit dru }s/
(Fergusson & Horwood, 1997, 2000; Fergusson et al., 2002). This increasegd
risk is attributed to factors that are in place even before the cannabis use begins
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(i.e., family backgrounds and school performance), in addition to the finding
that early users are more likely to keep company with other drug using peers
(Fergusson & Horwood, 2000). Nonetheless, the better-controlled longitudinal
studies show that heavy cannabis use in adolescence predicts an increased risk
of using “harder” drugs that persists after controlling for pre-existing differ-
ences between adolescents who do and do not use cannabis (Fergusson &
Horwood, 2000; Fergusson et al., 2002; Hall & Lynskey, 2003b).

One possibility is that this unexplained association is due to uncontrolled fac-
tors, such as a genetic vulnerability to become dependent on a variety of differ-
ent drugs. Studies of alcohol, tobacco, and other drug use in identical and
non-identical twins indicate that there is a genetic vulnerability to developing
dependence on alcohol (Heath, 1995), cannabis (Kendler & Prescott, 1998), and
tobacco (Han et al., 1999). More importantly, a component of the genetic vul-
nerability to dependence on these three drug classes is shared or common (True
et al., 1999), and so are the shared family and environmental factors that influ-
ence alcohol and cannabis dependence (Lynskey et al., 1998; True et al., 1999).

The hypothesis of common genes for regular use of cannabis and other illicit

drugs has been directly tested using a discordant twin design by Lynskey et al.
(2003). In this study, Lynskey ez al. examined the relationship between cannabis
and other illicit drug use in 311 monozygotic (136) and dizygotic (175)
Australian twin pairs in which one twin had and the other twin had not used
cannabis before the age of 17 years. If the association was attributable to a
shared environment, then discordant twins raised together should not differ in
the use of other illicit drugs. Similarly, if the association was attributable to a
shared genetic vulnerability to drug dependence, then there should be no differ-
ence in the use of other illicit drugs between monozygotic twins who did and
did not use cannabis before the age of 17 years. Lynskey et al. found that the
twin who had used cannabis before the age of 17 years was more likely to have
used sedatives, hallucinogens, stimulants, and opioids than their co-twin who
had not used cannabis before the age of 17 years. Twins who had used cannabis
were also more likely to report symptoms of abuse or dependence on cannabis
and other illicit drugs than their twin who did not. These relationships persisted
after controlling for other non-shared environmental factors that predicted an
increased risk of developing drug abuse or dependence.

The findings of Lynksey et al. (2003), when taken together with those of
Fergusson and Horwood (2000), suggest that shared genes and/or shared envi-
ronment explain a substantial part of the association between cannabis use and
other illicit drug use. The size of the association in the study of twins after sta-
tistical adjustment was substantially smaller (RR ~ 2—4) than that reported in
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the study of Fergusson and Horwood (2000) (RR ~ 59) but this may reflect in
part the cruder measure of cannabis use in the Lynskey et al. study.

Psychosis and Schizophrenia

Until ?ecently, the most convincing evidence that cannabis use precipitates schizo-
p.hre%ma came from a 15-year prospective study of cannabis use and schizophre-
nia in 50,465 Swedish conscripts (Andreasson et al., 1987). Andreasson et al
found that those who had tried cannabis by age 18 years were 2.4 times more;
likely to receive a diagnosis of schizophrenia than those who had not. The likeli-
h'ood of receiving a diagnosis of schizophrenia increased with the number of
t1me§ cannabis had been used. Compared to those who had not used cannabis

the risk of developing schizophrenia was 1.3 times higher for those who had useci
cannabis 1-10 times, 3 times higher for those who had used cannabis between
1 an.d 50 times, and 6 times higher for those who had used cannabis more than
50 .tlmes. These risks were substantially reduced after statistical adjustment for
variables that were related to the risk of developing schizophrenia but they nev-
ertheless remained statistically significant. Compared to those who had never
l%sed cannabis, those who had used cannabis 1-10 times were 1.5 times more
hkel.y, and those who had used 10 or more times were 2.3 times more likely to

receive a diagnosis of schizophrenia.

Zammit et al. (2002) reported a 27-year follow-up of the Swedish cohort
study. Zammit ef al. found a dose—response relationship between frequency of
cannabis use at baseline and risk of schizophrenia during the follow up and
QemonsUated that the relationship between cannabis use and schizophrenia per-
sisted when they statistically controlled for the effects of other drug use and other
poten.tial confounding factors, including a history of psychiatric symptoms at
baseline. They estimated that 13% of cases of schizophrenia could be averted if
all car}nabis use were prevented (i.e., the attributable risk of cannabis to schizo-
phrenia was 13%). The relationship was a little stronger in cases observed in the
first 5 yez_irs, probably reflecting the decline in cannabis use that occurs with age

Zammit ez al.’s (2002) findings have been supported by a study conducted b};
Yan Os and colleagues (2002). This was a 3-year longitudinal study of the rela-
tionship between self-reported cannabis use and psychosis in a community sam-
ple of 4848 people in the Netherlands. van Os ez al. substantially replicated the
Swefiish cohort in a number of important ways. First, cannabis use at baseline
Pre.dlcted an increased risk of psychotic symptoms during the follow-up period
in individuals who had not reported psychiatric symptoms at baseline. Second

there was a dose-response relationship between frequency of cannabis use a;
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baseline and risk of psychotic symptoms during the follow up period. Third, the
relationship between cannabis use and psychotic symptoms persisted when they
statistically controlled for the effects of other drug use. Fourth, the relationship
between cannabis use and psychotic symptoms was stronger for cases with more
severe psychotic symptoms. van Os et al. estimated the attributable risk of
cannabis to psychosis was 13% for psychotic symptoms and 50% for cases with
psychotic disorders adjudged to need psychiatric treatment. Fifth, those who
reported any psychotic symptoms at baseline were more likely to develop schiz-
ophrenia if they used cannabis than were individuals who were not so vulnerable.
These findings have been replicated in two smaller New Zealand cohort stud-
ies. Arseneault e al. (2002) reported a prospective study of the relationship
between adolescent cannabis use and psychosis in young adults in a New
Zealand birth cohort (N = 759) whose members had been assessed on risk fac-
tors for psychotic symptoms and disorders since birth. Arsenault et al. found a
relationship between cannabis use by age 15 years and an increased risk of psy-
chotic symptoms by age 26 years. So too did Fergusson et al. (2003b), who have
reported a longitudinal study of the relationship between cannabis dependence
at age 18 years and the number of psychotic symptoms reported at age 21 years
in the Christchurch birth cohort in New Zealand. They found that cannabis
dependence at age 18 years predicted an increased risk of psychotic symptoms
at age 21 years (RR of 2.3). This association was smaller but still significant
after adjustment for potential confounds (RR of 1.8).
In all of these studies, the relationship between cannabis use and the timing of
the onset of psychotic symptoms was uncertain. Subjects were assessed once a
year or less often and reported retrospectively on their cannabis use during the
preceding year. Moreover, cannabis use was often only assessed by the number
of times that cannabis had been used or the number of times used per week or
month. A recent French study examined the relationship between cannabis use
and psychotic symptoms in more detail using an expetience sampling method
(Verdoux et al., 2002). These investigators asked 79 college students to report on
their drug use and experience of psychotic symptoms at randomly selected time
points, several times each day, over 7 consecutive days. The students gave their
ratings after being randomly prompted to do so by a signal sentto a portable elec-
tronic device that they carried. The students were a stratified sample from a larger
group in which high cannabis users (N = 41) and students identified as vulnera-
ble to psychosis (N = 16) were over-represented. Verdoux et al. found that in
time periods when cannabis was used, users reported more unusual perceptions.
In vulnerable individuals, cannabis use was more strongly associated with
strange impressions and unusual perceptions than in individuals who lacked this
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vulnerfibilit:y. There was no relationship between reporting unusual experiences
and usmg cannabis, as would be expected if self-medication were involved.

A major epidemiological puzzle, given this evidence, is that the treated inci-
dence? of schizophrenia, particularly early onset acute cases, has declined (or
.remamed stable) during the 1970s and 1980s despite very substantial increases
in cannabis use among young adults in Australia and North America (Hall &
Degenhardt, 2000b). Although there are complications in interpreting such
trends, a large reduction in treated incidence has been observed in a number of
c.oun.tries which have a high prevalence of cannabis use and in which the reduc-
tion is unlikely to be a diagnostic artifact (Hall, 1998; Degenhardt et al., 2003)

A number of retrospective and prospective studies that have contro’lled for.
confounding variables give evidence that cannabis use exacerbates the symptoms
of thizophrenia (e.g., Linszen et al., 1994). In Australia, a third of persons with
schizophrenia and other psychoses have been found to be daily users of cannabis
(Jablensky et al., 2000), a much higher rate than the 2% reported in the general
population. It is biologically plausible that cannabis can exacerbate psychosis
bécause psychotic disorders involve disturbances in the dopamine neurotrans-
mitter systems, and THC increases dopamine release (Stahl, 2000).

Conclusions

The harms to health that could be caused by cannabis dependence are not as
well understood as they could be. The adverse health effect that dependent
users.are most likely to experience is chronic bronchitis caused by regular
smoking of cannabis preparations. These adverse effects will be amplified in
cannabis smokers who also smoke tobacco. A birth cohort in New Zealand has
found respiratory function changes in cannabis-dependent young adults that
are comparable to respiratory changes attributed to low levels of daily tobacco
c1gz.1rettes. There is suggestive evidence that regular cannabis smoking over a
period of decades increases the risk of cancers of the upper respiratory system
_ Freq}lent cannabis use alters brain blood flow and metabolism, but the func—.
tional significance of these findings remains obscure. Cannabis dependence is not
associated with severe cognitive impairment of the type found in some alcohol-
depen.dent persons, but there is evidence for more subtle impairments of memory.
attention, and executive functions associated with long-term or heavy cannabis’
use. These may persist for weeks following cessation of cannabis use, and may be
greater among those who commenced cannabis use during adolescer’lce.
Sorpe populations of cannabis-dependent persons seem at increased risk of
experiencing adverse effects of their cannabis use. Foremost among these are
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adults with cardiovascular disease who may precipitate myocardial infarctions
by smoking cannabis; adolescents whose school performance a.nd psychoso-
cial development may be adversely affected and who may be at increased risk
of using other illicit drugs; persons with schizophrenia and ott}er psychoses
whose illnesses may be exacerbated by continued use of cannabis; and p.roba—
bly persons with a family history of psychoses in whom regular cannabis use
may precipitate the onset of a psychosis.
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