
BackgroundBackground Controversyremains asControversyremains as

towhether cannabis acts as a causalrisktowhethercannabis acts as a causalrisk

factor for schizophrenia orotherfactor for schizophrenia orother

functionalpsychotic illnesses.functionalpsychotic illnesses.

AimsAims To examine critically the evidenceTo examine critically the evidence

thatcannabis causes psychosis usingthatcannabis causes psychosis using

established criteria of causality.established criteria of causality.

MethodMethod Weidentified five studies thatWe identified five studies that

included awell-defined sample drawnincluded awell-defined sample drawn

frompopulation-basedregisters orfrompopulation-basedregisters or

cohorts andusedprospectivemeasuresofcohorts andusedprospectivemeasuresof

cannabis use and adult psychosis.cannabis use and adult psychosis.

ResultsResults On anindividuallevel, cannabisOn anindividuallevel, cannabis

use confers an overall twofold increase inuse confers an overall twofold increase in

the relative risk for later schizophrenia.Atthe relative risk for later schizophrenia.At

the population level, elimination ofthe population level, elimination of

cannabisusewouldreducetheincidenceofcannabisusewouldreducetheincidenceof

schizophrenia by approximately 8%,schizophrenia by approximately 8%,

assuminga causalrelationship.Cannabisassuminga causalrelationship.Cannabis

use appears tobeneither a sufficientnor ause appears tobeneither a sufficientnor a

necessarycause for psychosis.It is anecessarycause for psychosis.It is a

componentcause, partof a complexcomponentcause, partof a complex

constellation of factors leading toconstellation of factors leading to

psychosis.psychosis.

ConclusionsConclusions Cases of psychoticCases of psychotic

disordercould be preventedbydisordercould be preventedby

discouragingcannabis use amongdiscouragingcannabis use among

vulnerable youths.Research is needed tovulnerableyouths.Research is needed to

understand themechanismsbywhichunderstand themechanismsbywhich

cannabis causes psychosis.cannabis causes psychosis.
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There is little dispute that cannabis intoxi-There is little dispute that cannabis intoxi-

cation can lead to acute transient psychoticcation can lead to acute transient psychotic

episodes in some individuals (D’Souzaepisodes in some individuals (D’Souza et alet al,,

2004) and that it can produce short-term2004) and that it can produce short-term

exacerbation or recurrences of pre-existingexacerbation or recurrences of pre-existing

psychotic symptoms (Thornicroft, 1990;psychotic symptoms (Thornicroft, 1990;

Mathers & Ghodse, 1992; Hall &Mathers & Ghodse, 1992; Hall &

Degenhardt, 2004). However, controversyDegenhardt, 2004). However, controversy

remains about whether cannabis use canremains about whether cannabis use can

actually cause schizophrenia or otheractually cause schizophrenia or other

functional psychotic illness in the long termfunctional psychotic illness in the long term

(Johns, 2001). A previous review paper,(Johns, 2001). A previous review paper,

published more than a decade ago, reachedpublished more than a decade ago, reached

no firm conclusion regarding causality andno firm conclusion regarding causality and

stressed the importance of prospectivestressed the importance of prospective

longitudinal population-based cohortlongitudinal population-based cohort

studies to elucidate a possible causal asso-studies to elucidate a possible causal asso-

ciation (Thornicroft, 1990). Sixteen yearsciation (Thornicroft, 1990). Sixteen years

after the publication of the first evidenceafter the publication of the first evidence

that cannabis may be a causal risk factorthat cannabis may be a causal risk factor

for later schizophrenia (Andreassonfor later schizophrenia (Andréasson et alet al,,

1988), four recent prospective epidemio-1988), four recent prospective epidemio-

logical studies have provided further evi-logical studies have provided further evi-

dence. We review the evidence from thesedence. We review the evidence from these

studies within the framework of establishedstudies within the framework of established

criteria for determining causality.criteria for determining causality.

METHODMETHOD

What is a cause?What is a cause?

The precise definition of what constitutes aThe precise definition of what constitutes a

cause, and the elaboration of criteria forcause, and the elaboration of criteria for

determining causality, have a long anddetermining causality, have a long and

contentious history. Causal criteria thatcontentious history. Causal criteria that

deal with the exposure–disease relationshipdeal with the exposure–disease relationship

are often used as general guidelines forare often used as general guidelines for

ascertaining causes. Hill (1965) listed theascertaining causes. Hill (1965) listed the

following criteria: strength, consistency,following criteria: strength, consistency,

specificity, biological gradient, temporality,specificity, biological gradient, temporality,

coherence and plausibility. Support for eachcoherence and plausibility. Support for each

criterion strengthens the case for a causalcriterion strengthens the case for a causal

association but, as Rothman & Greenlandassociation but, as Rothman & Greenland

(1998) point out, only one criterion,(1998) point out, only one criterion,

temporality, is atemporality, is a sine qua nonsine qua non for causality.for causality.

Susser (1991) subsequently used the HillSusser (1991) subsequently used the Hill

criteria to distill three properties that maycriteria to distill three properties that may

serve to define causes: association, temporalserve to define causes: association, temporal

priority and direction.priority and direction.

Association is the requirement that aAssociation is the requirement that a

cause and an outcome appear together.cause and an outcome appear together.

When the putative cause is present, the out-When the putative cause is present, the out-

come rate is higher than when the putativecome rate is higher than when the putative

cause is absent. There is no requirement forcause is absent. There is no requirement for

the putative cause to be present in everythe putative cause to be present in every

case of the outcome, just that the rate ofcase of the outcome, just that the rate of

outcome is higher in those with it thanoutcome is higher in those with it than

without it. Temporal priority is the funda-without it. Temporal priority is the funda-

mental property that the putative cause bemental property that the putative cause be

present before the outcome. Directionpresent before the outcome. Direction

refers to the fact that changes in the puta-refers to the fact that changes in the puta-

tive cause will actually lead to a change intive cause will actually lead to a change in

the outcome. In other words, the associa-the outcome. In other words, the associa-

tion of the putative cause with the outcometion of the putative cause with the outcome

does not derive from a third factor asso-does not derive from a third factor asso-

ciated with both. Epidemiologists refer tociated with both. Epidemiologists refer to

the latter phenomenon as ‘confounding’.the latter phenomenon as ‘confounding’.

We examine the empirical evidence putWe examine the empirical evidence put

forward to support the claim that cannabisforward to support the claim that cannabis

is a causal factor in schizophrenia underis a causal factor in schizophrenia under

these headings.these headings.

RESULTSRESULTS

Evidence for associationEvidence for association

Cross-sectional national surveys (from theCross-sectional national surveys (from the

USA, Australia and The Netherlands) haveUSA, Australia and The Netherlands) have

found that rates of cannabis use are higherfound that rates of cannabis use are higher

(approximately twice as high) among(approximately twice as high) among

people with schizophrenia than among thepeople with schizophrenia than among the

general population (Regiergeneral population (Regier et alet al, 1990; Tien, 1990; Tien

& Anthony, 1990; Robins & Regier, 1991;& Anthony, 1990; Robins & Regier, 1991;

Hall & Degenhardt, 2000; van OsHall & Degenhardt, 2000; van Os et alet al,,

2002).2002).

Local surveys have also found higherLocal surveys have also found higher

rates of cannabis use among patients withrates of cannabis use among patients with

psychosis than among community controls.psychosis than among community controls.

SurveysSurveys of patients with psychotic illnessesof patients with psychotic illnesses

from London have found that between 20from London have found that between 20

and 40% report lifetime cannabis useand 40% report lifetime cannabis use

(Menezes(Menezes et alet al, 1996; Grech, 1996; Grech et alet al, 1998;, 1998;

DukeDuke et alet al, 2001). Even higher rates of life-, 2001). Even higher rates of life-

time use of cannabis (51%) have beentime use of cannabis (51%) have been

reported among patients detained underreported among patients detained under

the 1983 Mental Health Act (Wheatley,the 1983 Mental Health Act (Wheatley,

1998). Rates are lower in rural areas: 7%1998). Rates are lower in rural areas: 7%

of patients with schizophrenia in Dumfriesof patients with schizophrenia in Dumfries

and Galloway, Scotland, reported prob-and Galloway, Scotland, reported prob-

lematic use of a drug, with 4% relatedlematic use of a drug, with 4% related

specifically to cannabis use (McCreadie,specifically to cannabis use (McCreadie,

2002). However, irrespective of the setting2002). However, irrespective of the setting

of the study, rates of cannabis use seem toof the study, rates of cannabis use seem to

be about twice as high among patients withbe about twice as high among patients with

psychosis than among controls (Grechpsychosis than among controls (Grech et alet al,,

1998; McCreadie, 2002). These elevated1998; McCreadie, 2002). These elevated

rates of cannabis use among people withrates of cannabis use among people with
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schizophrenia raise important questionsschizophrenia raise important questions

about the reason for this association – isabout the reason for this association – is

the cannabis use a consequence or a causethe cannabis use a consequence or a cause

of the condition?of the condition?

Two studies of clinical samples haveTwo studies of clinical samples have

examined retrospective reports of drug useexamined retrospective reports of drug use

in individuals who have developed schizo-in individuals who have developed schizo-

phrenia. First, Hambrecht & Hafnerphrenia. First, Hambrecht & Hafner

(1996) reported on a retrospective study(1996) reported on a retrospective study

of 232 patients with schizophrenia. Dataof 232 patients with schizophrenia. Data

showed that one-third of the sample hadshowed that one-third of the sample had

used drugs at least 1 year before onset ofused drugs at least 1 year before onset of

the illness, another one-third had usedthe illness, another one-third had used

drugs and subsequently developed the ill-drugs and subsequently developed the ill-

ness within a year and the remaining one-ness within a year and the remaining one-

third had started using cannabis after thethird had started using cannabis after the

occurrence of schizophrenia symptoms. Inoccurrence of schizophrenia symptoms. In

a second study, Cantwella second study, Cantwell et alet al (1999)(1999)

investigated a group of 168 patients withinvestigated a group of 168 patients with

first-episode schizophrenia and found thatfirst-episode schizophrenia and found that

37% showed evidence of substance use37% showed evidence of substance use

and alcohol use before their presentationand alcohol use before their presentation

to services.to services.

However, studies based on retro-However, studies based on retro-

spective self-reports are prone to recallspective self-reports are prone to recall

bias. To establish temporal priority (andbias. To establish temporal priority (and

hence causality) we need to examine pro-hence causality) we need to examine pro-

spective reports of cannabis use collectedspective reports of cannabis use collected

before the onset of schizophrenia, andbefore the onset of schizophrenia, and

therefore unbiased by later outcome.therefore unbiased by later outcome.

Ideally, we should also study population-Ideally, we should also study population-

based samples.based samples.

Evidence for temporal priorityEvidence for temporal priority
and directionand direction

We included in this core section of theWe included in this core section of the

review those studies that fulfilled the fol-review those studies that fulfilled the fol-

lowing criteria: inclusion of a well-definedlowing criteria: inclusion of a well-defined

sample of cases drawn from population-sample of cases drawn from population-

based registers or cohorts; use of prospect-based registers or cohorts; use of prospect-

ively measured data on cannabis use andively measured data on cannabis use and

adult psychosis; and presentation of oddsadult psychosis; and presentation of odds

ratios as an indicator of the strength ofratios as an indicator of the strength of

association between cannabis and later psy-association between cannabis and later psy-

chosis, to allow calculation of an overallchosis, to allow calculation of an overall

risk estimate of cannabis use for laterrisk estimate of cannabis use for later

psychosis. The research strategies usedpsychosis. The research strategies used

were: computerised Medline and PsycLITwere: computerised Medline and PsycLIT

searches; cross-referencing of originalsearches; cross-referencing of original

studies; and contact with other researchersstudies; and contact with other researchers

in the field.in the field.

At the time of the search, five studiesAt the time of the search, five studies

based on four samples (three cohort studiesbased on four samples (three cohort studies

and one longitudinal population-basedand one longitudinal population-based

survey) fulfilled those criteria. These studiessurvey) fulfilled those criteria. These studies

are reviewed in detail below and are sum-are reviewed in detail below and are sum-

marised in Table 1. We used the evidencemarised in Table 1. We used the evidence

from these samples to establish temporalfrom these samples to establish temporal

priority and direction for the associationpriority and direction for the association

between cannabis use and schizophrenia.between cannabis use and schizophrenia.

We calculated the overall risk of psychosisWe calculated the overall risk of psychosis

using adjusted odds ratios from all studiesusing adjusted odds ratios from all studies

with the ‘meta’ command of Stata 8.0with the ‘meta’ command of Stata 8.0

(StataCorp, 2003), which uses inverse-(StataCorp, 2003), which uses inverse-

variance weighting to calculate fixed andvariance weighting to calculate fixed and

random effects summary estimates (Sternerandom effects summary estimates (Sterne

et alet al, 2001). Results across studies were, 2001). Results across studies were

not significantly heterogeneous.not significantly heterogeneous.

The Swedish conscript cohortThe Swedish conscript cohort

For many years the only evidence thatFor many years the only evidence that

cannabis use might predispose to latercannabis use might predispose to later

psychosis came from a cohort study ofpsychosis came from a cohort study of

Swedish conscripts who were followed upSwedish conscripts who were followed up

using record-linkage techniques based onusing record-linkage techniques based on

in-patient admissions for psychiatric carein-patient admissions for psychiatric care

(Andreasson(Andréasson et alet al, 1988). A dose–response, 1988). A dose–response

relationship was observed between canna-relationship was observed between canna-

bis use at conscription (age 18 years) andbis use at conscription (age 18 years) and

schizophrenia diagnosis 15 years later.schizophrenia diagnosis 15 years later.

Self-reported ‘heavy cannabis users’ (i.e.Self-reported ‘heavy cannabis users’ (i.e.

who had used cannabis more than 50 times)who had used cannabis more than 50 times)

were six times more likely than non-userswere six times more likely than non-users

to have been diagnosed with schizophreniato have been diagnosed with schizophrenia

15 years later. However, more than half of15 years later. However, more than half of

these heavy users had a psychiatric diag-these heavy users had a psychiatric diag-

nosis other than psychosis at conscription,nosis other than psychosis at conscription,

and when this confound was controlledand when this confound was controlled

for the relative risk decreased to 2.3 (butfor the relative risk decreased to 2.3 (but

none the less remained statistically signifi-none the less remained statistically signifi-

cant). Very few heavy cannabis users (3%)cant). Very few heavy cannabis users (3%)

went on to develop schizophrenia, suggest-went on to develop schizophrenia, suggest-

ing that cannabis use may increase the risking that cannabis use may increase the risk

for schizophrenia only among individualsfor schizophrenia only among individuals

already vulnerable to developing psychosis.already vulnerable to developing psychosis.

The authors concluded that ‘CannabisThe authors concluded that ‘Cannabis

should be viewed as an additional clue toshould be viewed as an additional clue to

the still elusive aetiology of schizophrenia’.the still elusive aetiology of schizophrenia’.

Consistent with the previous findings, aConsistent with the previous findings, a

follow-up study of the same Swedish con-follow-up study of the same Swedish con-

script cohort showed that ‘heavy cannabisscript cohort showed that ‘heavy cannabis

users’ by the age of 18 years were 6.7 timesusers’ by the age of 18 years were 6.7 times

more likely than non-users to be diagnosedmore likely than non-users to be diagnosed

with schizophrenia 27 years later (Zammitwith schizophrenia 27 years later (Zammit

et alet al, 2002). This risk held when the, 2002). This risk held when the

analysis was repeated on a subsample ofanalysis was repeated on a subsample of

men who used cannabis only, as opposedmen who used cannabis only, as opposed

to using other drugs as well. The risk wasto using other drugs as well. The risk was

reduced but remained significant afterreduced but remained significant after

controlling for other potential confoundingcontrolling for other potential confounding

factors such as disturbed behaviour, low IQfactors such as disturbed behaviour, low IQ

score, growing up in a city, cigarettescore, growing up in a city, cigarette

smoking and poor social integration. Thesmoking and poor social integration. The

analysis was repeated on a subsample ofanalysis was repeated on a subsample of

individuals who developed schizophreniaindividuals who developed schizophrenia

only 5 years after conscription to controlonly 5 years after conscription to control

for the possibility that cannabis use is afor the possibility that cannabis use is a

consequence of prodromal manifestationsconsequence of prodromal manifestations

of psychosis. Findings were similar to thoseof psychosis. Findings were similar to those

for the entire cohort. The authorsfor the entire cohort. The authors

concluded that the findings are ‘consistentconcluded that the findings are ‘consistent

with a causal relationship between cannabiswith a causal relationship between cannabis

use and schizophrenia’.use and schizophrenia’.

The Dutch NEMESIS sampleThe Dutch NEMESIS sample

An analysis of the Netherlands MentalAn analysis of the Netherlands Mental

Health Survey and Incidence StudyHealth Survey and Incidence Study

(NEMESIS) (van Os(NEMESIS) (van Os et alet al, 2002) goes, 2002) goes

beyond the reliance on hospital dischargebeyond the reliance on hospital discharge

register data and examines the effect ofregister data and examines the effect of

cannabis use on self-reported psychoticcannabis use on self-reported psychotic

symptoms among the general population.symptoms among the general population.

In this study, 4045 psychosis-free indivi-In this study, 4045 psychosis-free indivi-

duals and 59 who had a psychotic disorderduals and 59 who had a psychotic disorder

were assessed at baseline and were adminis-were assessed at baseline and were adminis-

tered follow-up assessments 1 year latertered follow-up assessments 1 year later

and again 3 years after the baseline assess-and again 3 years after the baseline assess-

ment. For those subjects who reportedment. For those subjects who reported

psychotic symptoms, an additional clinicalpsychotic symptoms, an additional clinical

interview was conducted by an experiencedinterview was conducted by an experienced

psychiatrist or psychologist (at baseline andpsychiatrist or psychologist (at baseline and

at 3-year follow-up). Compared with non-at 3-year follow-up). Compared with non-

users, individuals using cannabis at baselineusers, individuals using cannabis at baseline

were nearly three times more likely towere nearly three times more likely to

manifest psychotic symptoms at follow-manifest psychotic symptoms at follow-

up. This risk remained significant afterup. This risk remained significant after

statistical adjustment for a range of factors,statistical adjustment for a range of factors,

including ethnic group, marital status,including ethnic group, marital status,

educational level, urbanicity (populationeducational level, urbanicity (population

density) and discrimination. The authorsdensity) and discrimination. The authors

also found a dose–response relationshipalso found a dose–response relationship

with the highest risk (odds ratiowith the highest risk (odds ratio¼6.8) for6.8) for

the highest level of cannabis use. Furtherthe highest level of cannabis use. Further

analysis revealed that lifetime history ofanalysis revealed that lifetime history of

cannabis use at baseline, as opposed tocannabis use at baseline, as opposed to

use of cannabis at follow-up, was a strongeruse of cannabis at follow-up, was a stronger

predictor of psychosis 3 years later. Thispredictor of psychosis 3 years later. This

suggests that the association between can-suggests that the association between can-

nabis use and psychosis is not merely thenabis use and psychosis is not merely the

result of short-term effects of cannabis useresult of short-term effects of cannabis use

leading to an acute psychotic episode.leading to an acute psychotic episode.

Although the use of other drugs was asso-Although the use of other drugs was asso-

ciated with psychosis outcomes, the effectsciated with psychosis outcomes, the effects

were not significant after taking into ac-were not significant after taking into ac-

count cannabis use. In this study, the shortcount cannabis use. In this study, the short

time-lag between baseline and follow-uptime-lag between baseline and follow-up

assessments tends to provide more supportassessments tends to provide more support

for an association between cannabis usefor an association between cannabis use

and psychosis, rather than verifying tem-and psychosis, rather than verifying tem-

poral priority. The authors concluded thatporal priority. The authors concluded that

their study confirmed thattheir study confirmed that

‘cannabis use is an independent risk factor for‘cannabis use is an independent risk factor for
the emergence of psychosis in psychosis-freethe emergence of psychosis in psychosis-free
persons and that those with an establishedpersons and that those with an established
vulnerability to psychotic disorders are parti-vulnerability to psychotic disorders are parti-
cularly sensitive to its effects, resulting in a poorcularly sensitive to its effects, resulting in a poor
outcome’.outcome’.
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CANNABIS AND PSYCHOS ISCANNABIS AND PSYCHOSIS

The Christchurch Health and DevelopmentThe Christchurch Health and Development
StudyStudy

The Christchurch study is a general-The Christchurch study is a general-

population birth cohort from New Zealandpopulation birth cohort from New Zealand

that has examined the development of itsthat has examined the development of its

participants for more than 20 years. Theparticipants for more than 20 years. The

association between cannabis dependenceassociation between cannabis dependence

disorder and the presence of psychoticdisorder and the presence of psychotic

symptoms at ages 18 and 21 years wassymptoms at ages 18 and 21 years was

examined, controlling for several potentialexamined, controlling for several potential

confounding factors, including previousconfounding factors, including previous

psychotic symptoms (Fergussonpsychotic symptoms (Fergusson et alet al,,

2003). Statistical control for previous psy-2003). Statistical control for previous psy-

chotic symptoms clarified the temporalchotic symptoms clarified the temporal

sequence by ruling out the alternativesequence by ruling out the alternative

explanation suggesting that psychoticexplanation suggesting that psychotic

symptoms cause cannabis dependence.symptoms cause cannabis dependence.

Findings indicated concurrent associationsFindings indicated concurrent associations

between cannabis dependence disorderbetween cannabis dependence disorder

and risk of psychotic symptoms both atand risk of psychotic symptoms both at

ages 18 and 21 years. Individuals whoages 18 and 21 years. Individuals who

met the diagnostic criteria for cannabismet the diagnostic criteria for cannabis

dependence disorder at age 18 years haddependence disorder at age 18 years had

a 3.7-fold increased risk of psychotica 3.7-fold increased risk of psychotic

symptoms than those without cannabissymptoms than those without cannabis

dependence problems. The risk of psychoticdependence problems. The risk of psychotic

symptoms was 2.3 times higher for thosesymptoms was 2.3 times higher for those

with cannabis dependence disorder at agewith cannabis dependence disorder at age

21 years. Moreover, after controlling for21 years. Moreover, after controlling for

several confounding factors, includingseveral confounding factors, including

anxiety disorder, deviant peer affiliations,anxiety disorder, deviant peer affiliations,

exposure to childhood sexual or physicalexposure to childhood sexual or physical

abuse, educational achievement and,abuse, educational achievement and,

most importantly, psychotic symptoms atmost importantly, psychotic symptoms at

the previous assessment, the associationthe previous assessment, the association

remained strong and significant at age 21remained strong and significant at age 21

years. The authors concluded thatyears. The authors concluded that

‘the findings are clearly consistent with the view‘the findings are clearly consistent with the view
that heavy cannabis use may make a causalthat heavy cannabis use may make a causal
contribution to the development of psychoticcontribution to the development of psychotic
symptoms since they show that, independentlysymptoms since they show that, independently
of pre-existing psychotic symptoms and a wideof pre-existing psychotic symptoms and a wide
range of social and contextual factors, youngrange of social and contextual factors, young
peoplewho develop cannabis dependence showpeoplewho develop cannabis dependence show
an elevated rate of psychotic symptoms’.an elevated rate of psychotic symptoms’.

Dunedin MultidisciplinaryDunedin Multidisciplinary
Health and Development StudyHealth and Development Study

The Dunedin Multidisciplinary Health andThe Dunedin Multidisciplinary Health and

Development Study (Silva & Stanton, 1996)Development Study (Silva & Stanton, 1996)

is a study of a general-population birth co-is a study of a general-population birth co-

hort of individuals born in Dunedin, Newhort of individuals born in Dunedin, New

Zealand (96% follow-up rate at age 26Zealand (96% follow-up rate at age 26

years). Although small, this study has uniqueyears). Although small, this study has unique

advantages: it has information on self-advantages: it has information on self-

reported psychotic symptoms at age 11reported psychotic symptoms at age 11

years, before the onset of cannabis use; ityears, before the onset of cannabis use; it

allows the examination of the age of onsetallows the examination of the age of onset

of cannabis use in relation to later outcome,of cannabis use in relation to later outcome,

because self-reports of cannabis use werebecause self-reports of cannabis use were

obtained at ages 15 and 18 years; and itobtained at ages 15 and 18 years; and it

does not rely on treatment data for out-does not rely on treatment data for out-

comes because the entire cohort was assessedcomes because the entire cohort was assessed

at age 26 years using a standardised psy-at age 26 years using a standardised psy-

chiatric interview schedule yielding DSM–chiatric interview schedule yielding DSM–

IV (American Psychiatric Association,IV (American Psychiatric Association,

1994) diagnoses (Poulton1994) diagnoses (Poulton et alet al, 2000). This, 2000). This

allowed the examination of schizophreniaallowed the examination of schizophrenia

outcome both as a continuum (by examin-outcome both as a continuum (by examin-

ation of symptoms) and as a disorderation of symptoms) and as a disorder

(DSM–IV schizophreniform disorder) in(DSM–IV schizophreniform disorder) in

this population. In obtaining a schizo-this population. In obtaining a schizo-

phreniform diagnosis, the interview proto-phreniform diagnosis, the interview proto-

col ruled out psychotic symptomscol ruled out psychotic symptoms

occurring while under the influence ofoccurring while under the influence of

alcohol and drugs.alcohol and drugs.

Individuals using cannabis at ages 15Individuals using cannabis at ages 15

and 18 years had higher rates of psychoticand 18 years had higher rates of psychotic

symptoms at age 26 years compared withsymptoms at age 26 years compared with

non-users (Arseneaultnon-users (Arseneault et alet al, 2002). This, 2002). This

remained significant after controlling forremained significant after controlling for

psychotic symptoms pre-dating the onsetpsychotic symptoms pre-dating the onset

of cannabis use. The effect was strongerof cannabis use. The effect was stronger

with earlier use. In addition, onset of can-with earlier use. In addition, onset of can-

nabis use by age 15 years was associatednabis use by age 15 years was associated

with an increased likelihood of meetingwith an increased likelihood of meeting

the diagnostic criteria for schizophreniformthe diagnostic criteria for schizophreniform

disorder at age 26 years. Indeed, 10.3% ofdisorder at age 26 years. Indeed, 10.3% of

cannabis users aged 15 years in this cohortcannabis users aged 15 years in this cohort

were diagnosed with schizophreniform dis-were diagnosed with schizophreniform dis-

order at age 26 years, as opposed to 3% oforder at age 26 years, as opposed to 3% of

the controls. After controlling for psychoticthe controls. After controlling for psychotic

symptoms at age 11 years, the risk for adultsymptoms at age 11 years, the risk for adult

schizophreniform disorder remained ele-schizophreniform disorder remained ele-

vated (odds ratiovated (odds ratio¼3.1) but was no longer3.1) but was no longer

statistically significant, possibly owing tostatistically significant, possibly owing to

power limitation.power limitation.

Cannabis use by age 15 years did notCannabis use by age 15 years did not

predict depressive outcomes at age 26 yearspredict depressive outcomes at age 26 years

(indicating specificity of the outcome) and(indicating specificity of the outcome) and

the use of other illicit drugs in adolescencethe use of other illicit drugs in adolescence

did not predict schizophrenia outcomesdid not predict schizophrenia outcomes

over and above the effect of cannabis useover and above the effect of cannabis use

(indicating specificity of the exposure). A(indicating specificity of the exposure). A

significant exacerbation (or interaction)significant exacerbation (or interaction)

effect was found between cannabis use byeffect was found between cannabis use by

age 18 years and psychotic symptoms atage 18 years and psychotic symptoms at

age 11 years (Fig. 1). This effect indicatesage 11 years (Fig. 1). This effect indicates

that cannabis users at age 18 years had ele-that cannabis users at age 18 years had ele-

vated scores on the schizophrenic symptomvated scores on the schizophrenic symptom

scale only if they had reported psychoticscale only if they had reported psychotic

symptoms at age 11 years. The authorssymptoms at age 11 years. The authors

concluded thatconcluded that

‘using cannabis in adolescence increases the like-‘using cannabis in adolescence increases the like-
lihood of experiencing symptoms of schizo-lihood of experiencing symptoms of schizo-
phrenia in adulthood’.phrenia in adulthood’.

DISCUSSIONDISCUSSION

Is cannabis a causal risk factorIs cannabis a causal risk factor
for psychosis?for psychosis?

In this review we have tried to determineIn this review we have tried to determine

whether cannabis is a cause of schizo-whether cannabis is a cause of schizo-

phrenia. We have shown that all thephrenia. We have shown that all the

available population-based studies on theavailable population-based studies on the

issue have found that cannabis use is asso-issue have found that cannabis use is asso-

ciated with later schizophrenia outcomesciated with later schizophrenia outcomes

(Table 1). All these studies support the(Table 1). All these studies support the

concept of temporal priority by showingconcept of temporal priority by showing

that cannabis use most probably precededthat cannabis use most probably preceded

schizophrenia. These studies also provideschizophrenia. These studies also provide

evidence for direction by showing that theevidence for direction by showing that the

association between adolescent cannabisassociation between adolescent cannabis

use and adult psychosis persists after con-use and adult psychosis persists after con-

trolling for many potential confoundingtrolling for many potential confounding

variables such as disturbed behaviour, lowvariables such as disturbed behaviour, low

IQ, place of upbringing, cigarette smoking,IQ, place of upbringing, cigarette smoking,

poor social integration, gender, age, ethnicpoor social integration, gender, age, ethnic

group, level of education, unemployment,group, level of education, unemployment,

single marital status and previous psychoticsingle marital status and previous psychotic

113113

Fig. 1Fig. 1 Interaction between cannabis use at age18 years and psychotic symptoms at age11years in predictingInteraction between cannabis use at age18 years and psychotic symptoms at age11years in predicting

adult schizophrenia symptoms. ^adult schizophrenia symptoms. ^&&^ controls; ^^ controls; ^**^ users by age15;^ users by age15; ^̂~~̂̂ users by age18.users by age18.
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symptoms. Further evidence for a causalsymptoms. Further evidence for a causal

relationship is provided by the presence ofrelationship is provided by the presence of

a dose–response relationship between can-a dose–response relationship between can-

nabis use and schizophrenia (Andreassonnabis use and schizophrenia (Andréasson

et alet al, 1988; van Os, 1988; van Os et alet al, 2002; Zammit, 2002; Zammit

et alet al, 2002), specificity of exposure, 2002), specificity of exposure

(Arseneault(Arseneault et alet al, 2002; van Os, 2002; van Os et alet al,,

2002; Zammit2002; Zammit et alet al, 2002; Fergusson, 2002; Fergusson et alet al,,

2003) and specificity of the outcome2003) and specificity of the outcome

(Arseneault(Arseneault et alet al, 2002). Overall, cannabis, 2002). Overall, cannabis

use appears to confer a twofold risk of lateruse appears to confer a twofold risk of later

schizophrenia or schizophreniform disorderschizophrenia or schizophreniform disorder

(pooledoddsratio(pooledodds ratio¼2.34;95%CI1.69–2.95).2.34; 95%CI1.69–2.95).

Methodological issuesMethodological issues

Before discussing further the issue of aBefore discussing further the issue of a

causal association between cannabis usecausal association between cannabis use

and schizophrenia, it is important to pointand schizophrenia, it is important to point

out some methodological limitations inout some methodological limitations in

the literature reviewed.the literature reviewed.

First, various measures of schizophreniaFirst, various measures of schizophrenia

outcome were used in these studies: hospi-outcome were used in these studies: hospi-

tal discharge, pathology level of psychosis,tal discharge, pathology level of psychosis,

psychotic symptoms and schizophreniformpsychotic symptoms and schizophreniform

disorder. The heterogeneity of the outcomedisorder. The heterogeneity of the outcome

makes it difficult to draw a firm conclusionmakes it difficult to draw a firm conclusion

on schizophreniaon schizophrenia per seper se from the findingsfrom the findings

reported by these studies. However, allreported by these studies. However, all

studies converge in showing an elevatedstudies converge in showing an elevated

risk for psychosis in later life amongrisk for psychosis in later life among

cannabis users.cannabis users.

Second, all measures of cannabis use inSecond, all measures of cannabis use in

these studies were based on self-reports andthese studies were based on self-reports and

were not supplemented by urine tests orwere not supplemented by urine tests or

hair analysis. In this situation, under- ratherhair analysis. In this situation, under- rather

than over-reporting is possible. Therefore,than over-reporting is possible. Therefore,

the use of self-reported data would under-the use of self-reported data would under-

estimate the magnitude of the associationestimate the magnitude of the association

between cannabis use and later schizo-between cannabis use and later schizo-

phrenia, rather than giving rise to a spur-phrenia, rather than giving rise to a spur-

ious association. In fact, in the Dunedinious association. In fact, in the Dunedin

study and the Christchurch study parti-study and the Christchurch study parti-

cipants have learned after many years ofcipants have learned after many years of

involvement with the study that allinvolvement with the study that all

information they provide remains strictlyinformation they provide remains strictly

confidential and therefore their answersconfidential and therefore their answers

are likely to provide a good estimate of ac-are likely to provide a good estimate of ac-

tual levels of drug use in those populationstual levels of drug use in those populations

(Arseneault(Arseneault et alet al, 2002; Fergusson, 2002; Fergusson et alet al,,

2003).2003).

Third, there is limited information onThird, there is limited information on

other illicit drug use. It would be informa-other illicit drug use. It would be informa-

tive to gather more precise informationtive to gather more precise information

about other illicit drugs used by youngabout other illicit drugs used by young

people to control more effectively for poss-people to control more effectively for poss-

ible confounding effects of, for example,ible confounding effects of, for example,

stimulant drug use. However, difficultiesstimulant drug use. However, difficulties

related to statistical power are likely torelated to statistical power are likely to

occur because of the small number ofoccur because of the small number of

individuals reporting such use.individuals reporting such use.

Fourth, most studies were unable toFourth, most studies were unable to

establish whether prodromal manifesta-establish whether prodromal manifesta-

tions of schizophrenia preceded cannabistions of schizophrenia preceded cannabis

use, leaving the possibility that cannabisuse, leaving the possibility that cannabis

use may be a consequence of emerginguse may be a consequence of emerging

schizophrenia rather than a cause of it.schizophrenia rather than a cause of it.

Findings have indicated that schizophreniaFindings have indicated that schizophrenia

is typically preceded by psychological andis typically preceded by psychological and

behavioural changes years before the onsetbehavioural changes years before the onset

of diagnosed disease (Jonesof diagnosed disease (Jones et alet al, 1994;, 1994;

CannonCannon et alet al, 1997; Malmberg, 1997; Malmberg et alet al,,

1998). It is possible, therefore, that canna-1998). It is possible, therefore, that canna-

bis use may be consequent to an early emer-bis use may be consequent to an early emer-

ging schizophrenia rather than predisposingging schizophrenia rather than predisposing

to its development. Thus, it has becometo its development. Thus, it has become

crucial to control for these early signs ofcrucial to control for these early signs of

psychosis to establish clearly the temporalpsychosis to establish clearly the temporal

priority between cannabis use and adultpriority between cannabis use and adult

psychosis. Although the Christchurch studypsychosis. Although the Christchurch study

applied statistical control for previousapplied statistical control for previous

psychotic symptoms, it is not clear whetherpsychotic symptoms, it is not clear whether

the measure of psychotic symptoms at agethe measure of psychotic symptoms at age

18 years preceded the onset of cannabis18 years preceded the onset of cannabis

use. To date, the Dunedin study is the onlyuse. To date, the Dunedin study is the only

study to demonstrate temporal priority bystudy to demonstrate temporal priority by

showing that adolescent cannabis usersshowing that adolescent cannabis users

are at increased risk of experiencing schizo-are at increased risk of experiencing schizo-

phrenic symptoms in adult life, even afterphrenic symptoms in adult life, even after

taking into account the childhood psychotictaking into account the childhood psychotic

symptoms that preceded the onset ofsymptoms that preceded the onset of

cannabis use.cannabis use.

Finally, there was limited statisticalFinally, there was limited statistical

power in the studies using self-reports ofpower in the studies using self-reports of

schizophrenia outcomes (in the NEMESIS,schizophrenia outcomes (in the NEMESIS,

the Christchurch and the Dunedin studies)the Christchurch and the Dunedin studies)

for examining such a rare outcome. It willfor examining such a rare outcome. It will

be important for future studies to examinebe important for future studies to examine

larger population samples in order to assesslarger population samples in order to assess

a greater number of individuals witha greater number of individuals with

psychotic disorders.psychotic disorders.

Alternative explanationsAlternative explanations

One might speculate that cannabis is aOne might speculate that cannabis is a

‘gateway drug’ for the use of harder drugs‘gateway drug’ for the use of harder drugs

(Kazuo & Kandel, 1984) and that indivi-(Kazuo & Kandel, 1984) and that indivi-

duals who use cannabis heavily might alsoduals who use cannabis heavily might also

be using other substances such as ampheta-be using other substances such as ampheta-

mines, phenylcyclidine and lysergic acidmines, phenylcyclidine and lysergic acid

diethylamide that arediethylamide that are thought to be psycho-thought to be psycho-

togenic (Murraytogenic (Murray et alet al,, 2003). Support for2003). Support for

this explanation is provided by recent find-this explanation is provided by recent find-

ings showing that the use of other drugsings showing that the use of other drugs

among young adults is almost alwaysamong young adults is almost always

preceded by cannabis use (Fergusson &preceded by cannabis use (Fergusson &

Horwood, 2000). This is especially trueHorwood, 2000). This is especially true

for heavy cannabis usersfor heavy cannabis users (50 times or more(50 times or more

per year), who wereper year), who were 140 times more likely140 times more likely

to move on to other illicit drugs thanto move on to other illicit drugs than

people who had not used cannabis before.people who had not used cannabis before.

However, in the Dunedin, Christchurch,However, in the Dunedin, Christchurch,

Dutch and Swedish studies, the associationDutch and Swedish studies, the association

between cannabis and schizophrenia heldbetween cannabis and schizophrenia held

even when adjusting for the use of othereven when adjusting for the use of other

drugs (Arseneaultdrugs (Arseneault et alet al, 2002; van Os, 2002; van Os et alet al,,

2002; Zammit2002; Zammit et alet al,, 2002; Fergusson2002; Fergusson et alet al,,

2003).2003).

A second possibility is that individualsA second possibility is that individuals

who use cannabis in adolescence continuewho use cannabis in adolescence continue

to use this illicit substance in adulthoodto use this illicit substance in adulthood

and because cannabis use intoxication canand because cannabis use intoxication can

be associated with transient psychoticbe associated with transient psychotic

symptoms (Hall & Degenhardt, 2004;symptoms (Hall & Degenhardt, 2004;

Verdoux, 2004) this could account forVerdoux, 2004) this could account for

the observed association. However, thethe observed association. However, the

diagnostic interview used in the Dunedindiagnostic interview used in the Dunedin

study explicitly ruled out a diagnosis ofstudy explicitly ruled out a diagnosis of

schizophreniform disorder if psychoticschizophreniform disorder if psychotic

symptoms occurred only following substancesymptoms occurred only following substance

use.use.

A third possibility is that early-onsetA third possibility is that early-onset

cannabis use is a proxy measure for poorcannabis use is a proxy measure for poor

premorbid adjustment, which is known topremorbid adjustment, which is known to

be associated with schizophrenia and otherbe associated with schizophrenia and other

psychiatric outcomes (Cannonpsychiatric outcomes (Cannon et alet al, 2002)., 2002).

ArseneaultArseneault et alet al (2002) found that cannabis(2002) found that cannabis

use was specifically related to schizo-use was specifically related to schizo-

phrenia outcomes, as opposed to depres-phrenia outcomes, as opposed to depres-

sion, suggesting specificity in longitudinalsion, suggesting specificity in longitudinal

association rather than general poor pre-association rather than general poor pre-

morbid adjustment, although there is othermorbid adjustment, although there is other

evidence showing an association betweenevidence showing an association between

cannabis use and depression (Pattoncannabis use and depression (Patton et alet al,,

2002).2002).

What kind of cause is it?What kind of cause is it?

We have shown, on the basis of the bestWe have shown, on the basis of the best

evidence currently available, that cannabisevidence currently available, that cannabis

use is likely to play a causal role withuse is likely to play a causal role with

regard to schizophrenia. However, furtherregard to schizophrenia. However, further

questions now arise. How strong is the cau-questions now arise. How strong is the cau-

sal effect and is cannabis use a necessary orsal effect and is cannabis use a necessary or

sufficient cause of schizophrenia (Rothmansufficient cause of schizophrenia (Rothman

& Greenland, 1998)?& Greenland, 1998)?

The studies reviewed earlier show thatThe studies reviewed earlier show that

cannabis use is clearly not a necessary causecannabis use is clearly not a necessary cause

for the development of psychosis, by failingfor the development of psychosis, by failing

to show that all adults with schizophreniato show that all adults with schizophrenia

used cannabis in adolescence. It is also clearused cannabis in adolescence. It is also clear

that cannabis use is not a sufficient causethat cannabis use is not a sufficient cause

for later psychosis because the majority offor later psychosis because the majority of

adolescent cannabis users did not developadolescent cannabis users did not develop

schizophrenia in adulthood. Therefore, weschizophrenia in adulthood. Therefore, we

can conclude that cannabis use is a compo-can conclude that cannabis use is a compo-

nent cause, among possibly many others,nent cause, among possibly many others,

forming part of a causal constellation thatforming part of a causal constellation that

leads to adult schizophrenia.leads to adult schizophrenia.
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What might the other component causes be?What might the other component causes be?

Unfortunately, we get little insight onUnfortunately, we get little insight on

component causes other than cannabiscomponent causes other than cannabis

from the studies reviewed in this article.from the studies reviewed in this article.

Certainly, genes are likely to moderate theCertainly, genes are likely to moderate the

association between cannabis use and laterassociation between cannabis use and later

psychosis by increasing the susceptibilitypsychosis by increasing the susceptibility

of schizophrenic outcomes among early-of schizophrenic outcomes among early-

onset cannabis users. However, no studyonset cannabis users. However, no study

yet has verified an interaction effectyet has verified an interaction effect

between candidate genes and cannabisbetween candidate genes and cannabis

use. Cannabis use appears to increase theuse. Cannabis use appears to increase the

risk of schizophrenia outcomes primarilyrisk of schizophrenia outcomes primarily

among those individuals already vulnerableamong those individuals already vulnerable

by virtue of pre-existing psychotic symp-by virtue of pre-existing psychotic symp-

toms (Arseneaulttoms (Arseneault et alet al, 2002; van Os, 2002; van Os et alet al,,

2002). A study of French undergraduate2002). A study of French undergraduate

university students showed that the acuteuniversity students showed that the acute

effects of cannabis were stronger amongeffects of cannabis were stronger among

participants with high vulnerability forparticipants with high vulnerability for

psychosis (by virtue of psychotic symp-psychosis (by virtue of psychotic symp-

toms) (Verdouxtoms) (Verdoux et alet al, 2003). Such vulner-, 2003). Such vulner-

able participants reported an increasedable participants reported an increased

level of perceived hostility and unusuallevel of perceived hostility and unusual

perceptions, and also a decreased level ofperceptions, and also a decreased level of

pleasure associated with the experience ofpleasure associated with the experience of

using cannabis. However, this mediatorusing cannabis. However, this mediator

effect (Kraemereffect (Kraemer et alet al, 2001) is not a simple, 2001) is not a simple

one.one.

Two studies explored the role of canna-Two studies explored the role of canna-

bis use in the development of psychoticbis use in the development of psychotic

symptoms in groups of young peoplesymptoms in groups of young people

considered to be at high risk of developingconsidered to be at high risk of developing

psychotic symptoms. An analysis of thepsychotic symptoms. An analysis of the

Edinburgh High Risk Study found thatEdinburgh High Risk Study found that

both individuals at high genetic risk ofboth individuals at high genetic risk of

schizophrenia (by virtue of two affectedschizophrenia (by virtue of two affected

relatives) and individuals with no familyrelatives) and individuals with no family

history of schizophrenia were at increasedhistory of schizophrenia were at increased

risk of psychotic symptoms after cannabisrisk of psychotic symptoms after cannabis

use (Milleruse (Miller et alet al, 2001). An Australian, 2001). An Australian

study followed up a group of 100 indivi-study followed up a group of 100 indivi-

duals who asked for help from an earlyduals who asked for help from an early

intervention service centre (Phillipsintervention service centre (Phillips et alet al,,

2002). Cannabis use or dependence at entry2002). Cannabis use or dependence at entry

to the study was not associated with theto the study was not associated with the

development of psychotic illness (transitiondevelopment of psychotic illness (transition

to psychosis) over a 12-month period ofto psychosis) over a 12-month period of

follow-up after entry to the study. How-follow-up after entry to the study. How-

ever, the low level of reported cannabisever, the low level of reported cannabis

use among the group could indicate thatuse among the group could indicate that

the sample may not be representative ofthe sample may not be representative of

the population of ‘prodromal’ individuals.the population of ‘prodromal’ individuals.

How strong is the causal effect?How strong is the causal effect?

Can we say anything about the strength ofCan we say anything about the strength of

the causal effect of cannabis for schizo-the causal effect of cannabis for schizo-

phrenia? We are somewhat hampered inphrenia? We are somewhat hampered in

this endeavour because the strength of anythis endeavour because the strength of any

particular cause depends on the prevalenceparticular cause depends on the prevalence

of the other component or interactingof the other component or interacting

causes in the population (Rothman &causes in the population (Rothman &

Greenland, 1998). As discussed above, weGreenland, 1998). As discussed above, we

do not know for certain, at present, anydo not know for certain, at present, any

other component causes in the ‘schizo-other component causes in the ‘schizo-

phrenia constellation’. We can make somephrenia constellation’. We can make some

broad suggestions. A component cause,broad suggestions. A component cause,

even if it is very common, will rarely causeeven if it is very common, will rarely cause

a disorder if the other component causes ina disorder if the other component causes in

the causal constellation are rare. This willthe causal constellation are rare. This will

hold regardless of the prevalence of thehold regardless of the prevalence of the

component cause of interest in the popu-component cause of interest in the popu-

lation or its role in the pathophysiology oflation or its role in the pathophysiology of

the disorder. On the other hand, the rarerthe disorder. On the other hand, the rarer

a component cause relative to its partnersa component cause relative to its partners

in any sufficient cause, the stronger thatin any sufficient cause, the stronger that

component cause will appear. Because can-component cause will appear. Because can-

nabis use is relatively common in the popu-nabis use is relatively common in the popu-

lation but appears to cause schizophrenialation but appears to cause schizophrenia

rarely, it would follow that at least one ofrarely, it would follow that at least one of

the other component causes in the causalthe other component causes in the causal

constellation is rare. Indeed, calculation ofconstellation is rare. Indeed, calculation of

the overall risk for schizophrenia associatedthe overall risk for schizophrenia associated

with cannabis use revealed that cannabiswith cannabis use revealed that cannabis

use confers only a twofold increase inuse confers only a twofold increase in

relative risk for schizophrenia. But does thisrelative risk for schizophrenia. But does this

mean that we should not worry aboutmean that we should not worry about

cannabis as a causal factor?cannabis as a causal factor?

There is another way of looking at thisThere is another way of looking at this

issue. Once a direct causal relationshipissue. Once a direct causal relationship

between exposure and outcome is assumed,between exposure and outcome is assumed,

the strength of a particular association fromthe strength of a particular association from

a public health point of view can bea public health point of view can be

assessed with the population attributableassessed with the population attributable

fraction. This gives a measure of thefraction. This gives a measure of the

number of cases of the disorder in thenumber of cases of the disorder in the

population that could be eliminated (i.e.population that could be eliminated (i.e.

would not occur) by removal of a harmfulwould not occur) by removal of a harmful

causal factor. The population-attributablecausal factor. The population-attributable

fraction for the Dunedin study is 8%. Infraction for the Dunedin study is 8%. In

other words, removal of cannabis use fromother words, removal of cannabis use from

the New Zealand population aged 15 yearsthe New Zealand population aged 15 years

would have led to an 8% reduction in thewould have led to an 8% reduction in the

incidence of schizophrenia in that popu-incidence of schizophrenia in that popu-

lation. The NEMESIS group reportedlation. The NEMESIS group reported

higher population-attributable fractions,higher population-attributable fractions,

possibly because the outcome measures thatpossibly because the outcome measures that

they used did not exclusively include clini-they used did not exclusively include clini-

cal psychosis cases (i.e. the need for care).cal psychosis cases (i.e. the need for care).

However, even 8% is not an insignificantHowever, even 8% is not an insignificant

figure from a public health point of view.figure from a public health point of view.

Because the possibility of eliminatingBecause the possibility of eliminating

cannabis use totally from the populationcannabis use totally from the population

is rather remote, it may be advisable tois rather remote, it may be advisable to

concentrate on those for whom adverseconcentrate on those for whom adverse

outcomes are more common (vulnerableoutcomes are more common (vulnerable

youths).youths).

If cannabis use can cause psychosis,If cannabis use can cause psychosis,

how can we explain that, despite steadilyhow can we explain that, despite steadily

increasing rates of cannabis use over pastincreasing rates of cannabis use over past

decades, the incidence of schizophrenia indecades, the incidence of schizophrenia in

the population has remained stable? First,the population has remained stable? First,

with a population-attributable fraction ofwith a population-attributable fraction of

8% the causal influence of cannabis use8% the causal influence of cannabis use

on the incidence of schizophrenia ison the incidence of schizophrenia is

probably not easily visible in the generalprobably not easily visible in the general

population. Second, the Dunedin studypopulation. Second, the Dunedin study

showed that cannabis use in early adoles-showed that cannabis use in early adoles-

cence (first reported use at age 15 years)cence (first reported use at age 15 years)

was associated with the strongest effectswas associated with the strongest effects

on schizophrenia outcomes. Trends ofon schizophrenia outcomes. Trends of

cannabis use among adolescents in thecannabis use among adolescents in the

USA indicate that cannabis use under theUSA indicate that cannabis use under the

age of 16 years is a fairly new phenomenonage of 16 years is a fairly new phenomenon

that has appeared only since the earlythat has appeared only since the early

1990s (Johnston1990s (Johnston et alet al, 2002). One would, 2002). One would

therefore predict an increase in rates oftherefore predict an increase in rates of

schizophrenia in the general populationschizophrenia in the general population

over the next 10 years. Indeed, there isover the next 10 years. Indeed, there is

already some evidence that the incidencealready some evidence that the incidence

of schizophrenia is currently increasing inof schizophrenia is currently increasing in

some areas of London, especially amongsome areas of London, especially among

young people (Boydellyoung people (Boydell et alet al, 2003)., 2003).

Although the majority of young peopleAlthough the majority of young people

are able to use cannabis in adolescenceare able to use cannabis in adolescence

without harm, a vulnerable minority ex-without harm, a vulnerable minority ex-

perience harmful outcomes. The epidemio-perience harmful outcomes. The epidemio-

logical evidence suggests that cannabis uselogical evidence suggests that cannabis use

among psychologically vulnerable youngamong psychologically vulnerable young

adolescents should be strongly discouragedadolescents should be strongly discouraged

by parents, teachers and health practi-by parents, teachers and health practi-

tioners alike. Findings also suggest thattioners alike. Findings also suggest that

the youngest cannabis users are most at riskthe youngest cannabis users are most at risk

(Arseneault(Arseneault et alet al, 2002), perhaps because, 2002), perhaps because

their cannabis use becomes longstanding.their cannabis use becomes longstanding.

This should encourage policy and lawThis should encourage policy and law

makers to concentrate their effort on delay-makers to concentrate their effort on delay-

ing the onset of cannabis use. At the sameing the onset of cannabis use. At the same

time, further research is needed on thetime, further research is needed on the

long-term impact of frequent cannabis uselong-term impact of frequent cannabis use

that begins at an early age and on the poss-that begins at an early age and on the poss-

ible mechanisms by which cannabis use canible mechanisms by which cannabis use can

lead to psychosis.lead to psychosis.
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Cannabis use in adolescence leads to a two- to threefold increase in relativerisk forCannabisuse in adolescence leads to a two- to threefold increase in relative risk for
schizophrenia or schizophreniform disorder in adulthood. The earlier the age ofschizophrenia or schizophreniform disorder in adulthood. The earlier the age of
onset of cannabis use, the greater the risk for psychotic outcomes.onset of cannabis use, the greater the risk for psychotic outcomes.

&& Cannabis does not appear to represent a sufficient or a necessary cause for theCannabis does not appear to represent a sufficient or a necessary cause for the
development of psychosis but forms part of a causal constellation.development of psychosis but forms part of a causal constellation.

&& Aminority of individuals experience harmful outcome consequent to their use ofAminority of individuals experience harmful outcome consequent to their use of
cannabis.However, thisminority is significantboth from a clinical pointof view and atcannabis.However, thisminority is significantboth from a clinical pointof view and at
a population level. It is estimated that about 8% of schizophrenia could be preventeda population level. It is estimated that about 8% of schizophrenia could be prevented
by elimination of cannabis use in the population.by elimination of cannabis use in the population.

LIMITATIONSLIMITATIONS

&& Prospective studies relied on self-reportmeasures of cannabis use only.Prospective studies relied on self-reportmeasures of cannabis use only.

&& Most findings are based on very small groups of individuals who experienced rareMost findings are based on very small groups of individuals who experienced rare
outcomes in adulthood.outcomes in adulthood.

&& More prospective longitudinal research is required to estimate the long-termMore prospective longitudinal research is required to estimate the long-term
impact of cannabis use.impact of cannabis use.
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