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very clear picture of the effects of cannabis smoking in
adolescence on the later risk of developing psychosis. The
fly in the ointment is that something of importance must
predate both the cannabis smoking and any subsequently
observed psychosis, causing one of the twins to smoke
cannabis when the other cotwin does not. As such, the
relative risk of newly incident psychosis for a cannabis-
smoking MZ twin versus the non-smoking co-twin is con-
founded by the still-imbalanced causal determinant of
why one twin started cannabis smoking whereas the
other did not.

Our theories about what causes adolescents to smoke
cannabis are growing stronger, but they are not at all
complete. As such, we cannot ensure complete specifica-
tion of the study designs, to know what to measure and
how to measure the confounders and to take these
confounding variables into account in the study designs.
This hypothetical MZ twin study illustrates the general
problem that also besets epidemiologically credible
samples used to make contrasts of psychosis risk for can-
nabis smoking and non-smoking individuals, which—
importantly—have not yet had the benefit of holding all
genetic influences constant.

It would be a little unkind for any reviewer to wave
hands in the direction of a hypothetical confounding
variable without specifying what that confounding vari-
able might be. A plausible confounding variable that has
not yet been addressed in prior epidemiological studies
of the cannabis—psychosis association is linked to the
illegal status of cannabis smoking in most jurisdictions.
That is, in virtually every country of the world, the act
of smoking cannabis is an illegal behavior, often subject
to serious social (and legal) sanctions. The propensity to
engage in illegal and socially discouraged behaviors
(such as cannabis smoking) might be an independent
causal determinant of (a) early cannabis smoking and
also (b) later newly incident psychosis. To the extent that
this theoretically plausible confounding characteristic is
actually functioning to confound the estimates of the
cannabis—psychosis association, it must be held constant
one way or the other. Regrettably, the estimates of rela-
tive risk applied in the projections made by Hickman and
colleagues do not take this type of potential confound-
ing characteristic into account.

A simulation exercise of the type reported by Hickman
and colleagues [1] is not irrelevant. It conveys informa-
tion of potential future utility. None the less, it is hypo-
thetical, and we join Hickman and colleagues in urging
caution in any interpretation and future practical appli-
cation of these projections [1]. The projections depend
very heavily upon the validity of the cannabis—psychosis
relative risk estimates that the authors themselves
characterize as somewhat tentative in character. There
are now recent studies showing no excess psychosis risk
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for cannabis smokers who lack genetic susceptibility
traits.

Alas, in such a context policy makers might come to
cite these research results as reason to increase the
degree of formal social control over cannabis smoking
(e.g. jail time; increased fines) in anticipation of hypoth-
esized deterrent effects, reduced cannabis smoking or pre-
vention of future smoking. In our judgment, evidence-
based policy decisions will be guided by estimates of the
harms induced when cannabis smokers are made into
criminals, in complement with simulation exercises and
projections of cannabis-induced harms illuminated by
the best possible epidemiological investigations.

Hickman and colleagues [1] clearly have a flair for
simulation exercises based upon projected future harms
that otherwise might not occur if cannabis smoking were
to be eliminated. We wonder whether this flair might now
turn in the direction of projecting future harms that oth-
erwise might not occur if criminal penalties for simple
possession and use of cannabis were to be eliminated.
Even-handed evidence-based cannabis policy will be
guided by a clear appraisal of the harms thought to be
caused by imprisonment or other criminalization of oth-
erwise law-abiding cannabis smokers in balance with a
clear appraisal of the harms caused by cannabis smoking
per se, including the now clear possibility of cannabis-
induced schizophrenia.
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RESPONSE TO THE COMMENTARIES

In our paper [1], we essentially took an ecological
approach to the empirical question of whether cannabis
use causes schizophrenia. In so doing we took our lead,
partly, from a recent paper by one of our commentators
[2]. Using the best data available to us, and acknowledg-
ing the imperfections in this evidence, we related changes
in levels of cannabis use since the early 1970s to inci-
dence of schizophrenia in the late 1990s and modelled
the subsequent impact of the former on the latter, assum-
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ing a causal relation of the magnitude suggested by the
only large prospective general population study to esti-
mate this effect in individuals [3]. Our projections of
‘expected’ schizophrenia cases in the near future can now
be compared with those observed. Any causal inference
made from this comparison will inevitably be subject to
the dangers of ecological fallacy [4]. Nevertheless, we
hope to add to the jigsaw around the aetiology of the
‘leading unsolved disease afflicting humans’ [5].

The key public health issue in the current epidemio-
logical debate is whether cannabis use causes clinically
significant and enduring psychosis in individuals who
would not otherwise have become psychotic. That can-
nabis use can precipitate transient ‘psychotic’ symptoms
or may exacerbate symptoms in individuals with existing
psychosis is not controversial, and we agree with
McGrath & Saha [6] that the latter could usefully be
added to a future model of schizophrenia. None the less,
we believe these questions are subsidiary to the main
issue. Anthony & Degenhardt [7] seem sceptical as to
whether current evidence supports strongly the hypoth-
esis that a substantial proportion of clinically important
psychosis is attributable primarily to cannabis use. We
share this scepticism; indeed, we have expressed it in
detail elsewhere [8—10]. Yet several prominent, credible
commentators writing in widely read, mainstream jour-
nals have suggested recently that up to 50% and probably
a little less than 10% of psychosis in the population is
attributable to cannabis use [11-13]. Our ‘thought
experiment’ was to ask what are the implications if this is
true, given what we know about rates of cannabis use
and psychosis in the population?

We agree wholeheartedly with Anthony & Degen-
hardt’s [7] point that the fundamental weakness of
observational epidemiology relates to the non-random
distribution of many environmental exposures (and
potential confounders) in the population, although
clearly this in not unique to the study of consequences of
drug use, nor a reason to abandon observational epide-
miology [14]. The genetic dimension is another question,
and twin studies offer one way to investigate this.
However, as Anthony & Degenhardt [7] argue, twin
studies also have their drawbacks, and are not likely to be
entirely unconfounded by environmental factors. The
importance of such confounding varies according to the
study question. For example, our commentators cite the
ingenious discordant twin design, where monozygotic
twins discordant for the exposure of interest are studied.
This design can still be confounded by environmental
factors underlying the discordance on which the com-
parison is based [15]. In monozygotic twins, environmen-
tal discordance is more likely in adolescence than very
early life. It therefore follows that monozygotic twins dis-
cordant for a cannabis use phenotype are probably a
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more useful design to clarify the role of confounding by
very early life factors, such as may be relevant to associa-
tions between cannabis use and serious mental illness
[16]. For associations where possible confounding by
adolescent factors is probably more of an issue, those
between cannabis use and use of other drugs, for
example, discordant twin designs may be less informative
[15].

The bottom line is that if the question of the nature of
the association between cannabis use and serious endur-
ing psychosis is important then we need better evidence
to help us to answer it. We have suggested various strat-
egies to generate such evidence [11-13]. One strategy
relates to McGrath & Saha’s [6] well-made point about
the importance of pursuing primary prevention of psy-
chosis, in view of the limited effectiveness of treatment
[17]. Cannabis use is one candidate for such prevention.
It may not be the most promising candidate; however, this
consideration should be balanced against the fact that the
reduction of cannabis smoking by young people has a
strong public health justification, irrespective of the effect
of cannabis use on psychosis [18]. Evaluation of such
prevention should be subject to the normal conventions
of health technology assessment—that is, it should be
cost-effective, acceptable to the people receiving it and
should not generate substantial collateral harms [19].
We think it is unlikely that the more vigorous criminal
justice-based approach Anthony & Degenhardt [7] are
afraid our paper will precipitate would fulfil these criteria.

JOHN MACLEOD
Primary Care, University of Birmingham, Birmingham, UK

MATTHEW HICKMAN

Social Medicine, University of Bristol, Canynge Hall, White-
ladies Road, Bristol, UK.

E-mail: matthew. hickman@bristol.ac.uk

PETER VICKERMAN
Modelling Unit, London School of Hygiene and Tropical
Medicine, London, UK

JAMES KIRKBRIDE & PETER B. JONES
Department of Psychiatry, University of Cambridge,
Cambridge, UK

References

1. Hickman M., Vickerman P., Macleod J., Kirkbride J., Jones P.
B. Cannabis and schizophrenia: model projections of the
impact of the rise in cannabis use on historical and future
trends in schizophrenia in England and Wales. Addiction
2007; 102: 597-606.

2. Degenhardt L., Hall W., Lynskey M. Testing hypotheses
about the relationship between cannabis use and psychosis.
Drug Alcohol Depend 2003; 71: 37-48.

Addiction, 102, 514-518


mailto:hickman@bristol.ac.uk

518

Commentaries

. Zammit S., Allebeck P., Andreasson S., Lundberg I., Lewis G.
Self reported cannabis use as a risk factor for schizophrenia
in Swedish conscripts of 1969: historical cohort study. BMJ
2002; 325: 1199-201.

. Last J. M., editor. A Dictionary of Epidemiology. Oxford:
Oxford University Press; 1988, p. 40.

. Carpenter W. Foreword. In: Murray R. M., Jones P. B., Susse
E., Van OsJ., Cannon M., editors. The epidemiology of schizo-
phrenia. Cambridge: Cambridge University Press; 2003,
p. XV—XxVi.

. McGrath J., Saha S. Thought experiments on the incidence
and prevalence of schizophrenia ‘under the influence’ of
cannabis. Addiction 2007; 102: 514-515.

. Anthony J. C., Degenhardt L. Projecting the impact of
changes in cannabis use upon schizophrenia in England
and Wales: the role of assumptions and balance in framing
an evidence-based cannabis policy. Addiction 2007; 102:
515-516.

. Macleod J., Oakes R., Oppenkowski T., Stokes-Lampard H.,
Copello A., Crome I. et al. How strong is the evidence that
illicit drug use by young people is an important cause of
psychological or social harm? Methodological and policy
implications of a systematic review of longitudinal, general
population studies. Drugs Educ Policy Pract 2004; 11: 281—
97.

. Macleod J., Oakes R., Copello A., Crome I., Egger M.,
Hickman M. et al. The psychological and social sequelae of
use of cannabis and other illicit drugs by young people:
systematic review of longitudinal, general population
studies. Lancet 2004; 363: 1579-88.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

© 2007 The Authors. Journal compilation © 2007 Society for the Study of Addiction

Macleod J., Hickman M. Understanding pathways to can-
nabis use and from use to harm. Int | Epidemiol 2006; 35:
680-2.

van Os J., Bak M., Hanssen M., Bijl R. V., de Graaf R.,
Verdoux H. Cannabis use and psychosis: a longitudinal
population-based study. Am ] Epidemiol 2002; 156: 319-
27.

Rey J. M., Tennant C. C. Cannabis and mental health. BMJ
2002; 325: 1183-4.

Arseneault L., Cannon M., Witton J., Murray R. M. Causal
association between cannabis and psychosis: examination
of the evidence. Br ] Psychiatry 2004; 184: 110-7.

Davey Smith G., Ebrahim S. Epidemiology—is it time to call
it a day? Int | Epidemiol 2001; 30: 1-11.

Macleod J., Hickman M., Davey Smith G. Early exposure to
marijuana and risk of later drug use. JAMA 2003; 290:
329-30.

Lynskey M. T., Glowinski A. L., Todorov A. A., BucholzK. K.,
Madden P. A., Nelson E. C. et al. Major depressive disorder,
suicidal ideation, and suicide attempt in twins discordant
for cannabis dependence and early-onset cannabis use. Arch
Gen Psychiatry 2004; 61: 1026-32.

McGrath J. Prevention of schizophrenia—not an impossible
dream. In: Murray R. M., Jones P. B., Susser E., Van Os J.,
Cannon, M., editors. The epidemiology of schizophrenia.
Cambridge: Cambridge University Press; 2003, p. 427-39.
Macleod J., Davey Smith G., Hickman M. Does cannabis use
cause schizophrenia? Lancet 2006; 367: 1055.

Gray J. A. M. Evidence-based health care, 2nd edn. London:
Churchill Livingstone; 2001.

Addiction, 102, 514-518





