Cannabis and psychosis: an update on course and biological

plausible mechanisms

Don Linszen and Therese van Amelsvoort

Purpose of review

Cannabis use is the most commonly abused illicit
substance. lts relation with psychosis remains a topic of
debate. Epidemiological studies suggest that cannabis is a
component cause accounting for approximately 10% of
cases. An increasing number of studies have been
published on neurobiological effects of cannabis and
vulnerability of psychosis.

Recent findings

Acute cannabis administration can induce memory
impairments, sometimes persisting months following
abstinence. There is no evidence that residual effects on
cognition remain after years of abstinence. The scarce
literature on neuro-imaging mainly done in nonpsychotic
populations, show little evidence that cannabis has effects
on brain anatomy. Acute effects of cannabis include
increases of cerebral blood flow, whereas long-term effects
of cannabis include attenuation of cerebral blood flow. In
animals A9-tetrahydrocannabinol enhances dopaminergic
neurotransmission in brain regions known to be implicated
in psychosis. Studies in humans show that genetic
vulnerability may add to increased risk of developing
psychosis and cognitive impairments following cannabis
consumption. A8-tetrahydrocannabinol induces psychotic
like states and memory impairments in healthy volunteers.
Summary

Simultaneously with increasing understanding of
neurobiological cannabis effects, there is a lack of studies in
people with psychosis. There are plausible mechanisms
that might explain the psychotogenic effects of cannabis.
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Introduction

Cannabis is one of the most commonly used illicit sub-
stances and alchough initially it was thought that cannabis
would not lead to dependency it has become clear that
cannabis use can lead to substance dependency, and
abstinence to a withdrawal syndrome according to Diag-
nostic and statistical manual for mental disorders (DSM)-1V
criteria [1%,2]. There has been a fierce debate in several
countries over whether cannabis should be legalized or
not. Although some people are campaigning for medic-
inal use of cannabis, such as pain relief in multiple
sclerosis, others have emphasized the potential psycho-
togenic effects of cannabis and would like to see stricter
regulations of cannabis consumption. The latter has led
to a new debate: does cannabis induce psychosis or not,
and if so is it reversible or not? During the past two
decades several epidemiological studies have addressed
this question and an increased risk of developing
psychosis following cannabis consumption has been
observed consistently. Two recent commentaries [3,4]
discussed the above in a broader picture taking into
account findings of several epidemiological studies that
have been carried out to date. Both concluded that
cannabis is neither a necessary nor a sufficient cause
and thus a component cause, that is, it is co-dependent
on some other factors in order to have causal influence on
risk for psychosis. Cannabis abuse as a component indi-
vidual risk factor for developing psychosis accounts for
approximately 8-10% of the attrition rate. There has
been less evidence of a reverse relationship, an increase
in cannabis consumption following the development of
psychosis, but this relationship has not been investigated
to the same extent as such studies are difficult to realize.

Cannabis abuse has been associated with poor outcome of
schizophrenia-like disorders over a 1-5-year period, art
least in Europe [5-8]. Two short-term North American
studies showed a different perspective. In Canada, a
follow-up study of a regular treatment program over
1 year showed a beneficial effect on psychotic symptoms
of the mainly alcohol and cannabis using and non
co-morbid patients with schizophrenia-like disorders.
Co-morbidity cases, however, showed higher depression
and anxiety rates [9]. An interesting randomized clinical
trial studying behavioral treatment over 6 months
with patients with severe, chronic mental illness (40%
DSM-IV schizophrenia and schizoatfective disorder)
and drug abuse (cocaine, opiate, cannabis) showed a



positive effect on drug abuse as measured with repeated
urine analysis and on community functioning variables
[10°]. This trial underlines the poly-drug abuse patterns
in co-morbid patients with schizophrenia in the United
States, making it more difficult to examine cannabis
abuse as an independent co-morbid risk factor for poor
outcome. Moreover, the increasing availability and use
of cocaine and amphetamines may affect European
co-morbid substance abuse patterns in schizophrenia as
well. The main question remains whether there is a
biological plausible mechanism for cannabis to induce
psychosis, or to cause brain damage. This has led to a
recent increase in publications on cannabis and brain
function, findings of which we will summarize in this
review.

Cannabis and cognition

The effects of cannabis on cognitive function in the
healthy population have been studied extensively. Find-
ings include deficits in memory formation, but results
have been difficult to interpret because of methodologi-
cal issues like multiple drug abuse, small sample sizes,
sample selection and sensitivity of psychological tests for
subtle differences. Overall, A9-tetrahydrocannabinol
(THC) has been shown to induce memory impairments
that mimic memory deficits seen in schizophrenia includ-
ing working memory, encoding episodic memory,
impaired retrieval as well as attentional deficits [11,12].
From the current literature it seems evident that acute
administration of cannabis leads to cognitive impairments
and that these impairments are reversible, and occur in a
dose and delay-dependent manner [13°°]. Findings on
chronic cannabis use have been inconsistent. Loong-term
use of cannabis has been related to a generalized memory
deficit with impaired learning, retention and retrieval
on neuropsychological tests [14]. Heavy cannabis use is
associated with reduced function of the attentional/
executive system, as exhibited by decreased mental
flexibility, increased perseverance, reduced learning to
shift and sustain attention also with worse performance
on overall IQ, processing speed, immediate and delayed
memory. There is support for effects continuing
beyond the intoxication period, but there is little evi-
dence that cognitive deficits persist after abstinence for a
longer period [15,16]. Non-using monozygotic co-twins
differed only on one cognitive subtest (block design)
compared with their prior cannabis-using co-twin. The
authors conclude an absence of marked long-term
residual effects on cognitive abilities [17]. There
have been fewer studies on the effects of cannabis on
cognitive function in people with psychosis. Interest-
ingly, recent studies have demonstrated that people
with first episode psychosis who had used cannabis
before illness had a relative sparing of cognitive func-
tions and did not perform worse than those who had not
used cannabis before illness [18]. These findings were
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supported by McCleery ¢f a/., who demonstrated that first
episode psychosis patients with no substance abuse had
the poorest cognitive functioning and performance in
patients with both mild use and misuse was better at
baseline and at 2-year follow-up [19°]. In summary,
acute effects of cannabis include memory and attention
impairments, heavy users display several cognitive
impairments which can disappear after long-term absti-
nence. Cannabis use did not adversely affect cognitive
functioning in patients with psychosis as suggested by
some recent findings.

Cannabis and brain imaging

There have been relatively few neuroimaging studies
that study effects of cannabis exposure on brain structure
and function. Single photon emission computed tomo-
graphy (SPECT) and positron emission tomography
(PET) have been employed to measure effects of can-
nabis on cerebral blood flow (CBF). Chronic cannabis
users demonstrated decreased CBF in frontal, parietal,
temporal, and occipital lobes compared to controls. Acute
administration or intoxication with cannabis led to
increases in CBF including in frontal cortex and basal
ganglia [20-22]. Herning ez /. [23°] found that chronic
marijuana use is associated with increased cerebro-
vascular resistance through changes mediated, in part,
in blood vessels or in the brain parenchyma. They suggest
that this might provide a partial explanation for the
cognitive deficits observed in chronic marijuana users.
Similarly, there have been few studies investigating the
effects of cannabis on brain anatomy. Block ez 4/. [24] did
not find any differences in (regional) grey and white
matter structures in cannabis users compared to nonusers,
however a (small) recent study did find several localized
grey and white matter differences [25]. Tzilos er al. [26]
suggested that cannabis use is not associated with struc-
tural changes within the brain as a whole or the hippo-
campus in particular, or with age of onset of use or total
lifetime episodes of use. In a recent, small diffusion
tensor imaging (DTT) study frequent cannabis use was
found unlikely to be neurotoxic to the normal developing
adolescent brain [27]. The only study to date studying
cannabis and brain morphology in recent-onset schizo-
phrenia did not find any differences in grey and white
matter structures between users and nonusers [28]. With
regard to functional MRI more studies have been pub-
lished recently. Jager ez a/. [29] did not find evidence
for long-term deficits in working memory and selective
attention in frequent cannabis users after 1week of
abstinence although altered neurophysiological dynamics
in the left superior parietal cortex during working
memory processing was observed. In another study,
active and abstinent marijuana users showed decreased
activation in right prefrontal, medial and dorsal parietal,
and medial cerebellar regions, but greater activation in
various frontal, parietal and occipital brain regions during
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the visual-attention tasks despite similar task and cogni-
tive test performance compared with control subjects
[30°]. Using resting state MRI daily cannabis users
demonstrated significantly increased blood volumes in
right frontal and left temporal area, and cerebellum
relative to comparison subjects. Within cannabis users,
urinary THC concentrations or lifetime episodes of
smoking did not correlate to cerebral blood volume
[31]. Others found that recent cannabis users displayed
greater and more widespread brain activation than normal
subjects when attempting to perform a spatial working
memory task. The authors suggested that recent cannabis
users may experience subtle neurophysiological deficits,
and that they compensate for these deficits by ‘working
harder’, calling upon additional brain regions to meet the
demands of the task [32]. Gruber ¢ 4/. [33] demonstrated
differences in patterns of signal intensity change within
anterior cingulate and dorsolateral prefrontal cortex
evidence during a STROOP interference test in chronic
users compared to controls. In conclusion, to date there
is no evidence that chronic cannabis use leads to struc-
tural brain abnormalities, also not in recent/onset schizo-
phrenia. With regards to functional anatomy, changes
in brain activity globally have been demonstrated in
subjects that use cannabis on a regular basis: abstinence
results in decreases, and administration results in
increases in brain activation. Chronic cannabis use
leads to attenuated brain activity in task-activated regions
or activation of compensatory regions. The literature is
still very scarce and mainly on healthy people, with use of
different methodology, tests and definitions of cannabis
consumption, issues that need to be addressed in future
studies [34].

Cannabis and biological plausibility

'THC, the principal psychoactive constituent of exogen-
ous cannabis, has been increasingly employed to study its
psychotropic properties. These are mostly mediated by
(partial) agonistic effects at the CB1 G protein-coupled
receptors, which are widely distributed throughout the
central nervous system, particularly in the hippocampus,
cerebellum, basal ganglia and frontal cortex. CB1 recep-
tors are primarily expressed on neurons, where most of
the receptors are found on axons and synaptic terminals,
emphasizing the important role of this receptor in mod-
ulating neurotransmission at specific synapses. Animal
studies have shown that THC increases the length of the
dendrites as well as the number of dendritic branches in
nucleus accumbens and medial prefrontal cortex [35°].
Also, THC impairs prepulse inhibition, a neurophysio-
logical marker of information processing that is impaired
in schizophrenia, and this effect can be reversed by
antipsychotic treatment [36]. Administration of THC
increased dopaminergic activity in the mesolimbic dopa-
minergic system, and (indirectly) acetylcholine release in
hippocampus and prefrontal cortex [37], whereas THC

(twice daily for 7 or 14 days) caused a persistent and
selective reduction in medial prefrontal cortical dopa-
mine turnover [38]. Also, THC increases dopamine syn-
thesis, (possibly by increasing activity and expression
of tyrosine hydroxylase), and inhibits dopamine uptake
[39]. These THC effects on dopaminergic neurotrans-
mission suggest increased availability of dopamine in the
synaptic cleft and could explain psychotogenic properties
of THC and partially resemble those that have been
described in schizophrenia. Studies in humans have
demonstrated that orally and intravenously administered
THC induces psychotic symptoms in healthy volunteers
[39,40°,41], induces altered states of consciousness that
resemble prodromal states [40°], and exacerbates psycho-
tic symptoms, cognitive impairment and medication side
effects in patients with schizophrenia [42]. Subjects who
carry the Val (high activity) allele of the catechol-
O-methyltransferase (COMT) gene were most sensitive
to THC-induced psychotic experiences and to THC-
induced memory and attention impairments, but this
was conditional on psychosis susceptibility [43°]. In
another study, carriers of the Val allele were most likely
to exhibit psychotic symptoms and to develop schizo-
phreniform disorder if they used cannabis. Cannabis use
had no such adverse influence on individuals who were
homozygous for the Met allele [44]. Thus both studies
suggest that carriers of the Val allele of the COMT gene
(who are hypothesized to have relatively less dopamine
available in the prefrontal cortex compared to Met homo-
zygotes) may have increased susceptibility for schizo-
phrenia when exposed to cannabis. Other support
for biological plausibility for the cannabinoid hypothesis
of schizophrenia includes an increase of anandamide, an
endogenous cannabinoid, in cerebrospinal fluid in
patients with schizophrenia [45,46]; an association of
the CNR1 gene, which encodes CB1 receptors, with
schizophrenia, especially the hebephrenic type; a signifi-
cant 25% increase in CB1 receptor binding in the super-
ficial layers (layer I, II) of the posterior cingulated cortex
in schizophrenia subjects compared to controls, none of
whom had recently used cannabis [47]; decreased EEG
power and signal-to-noise ratio reflecting early-stage
sensory processing deficits in cannabis users along with
increased rates of schizotypy [48]. In summary there is
evidence both from animal and human studies that the
central cannabinoid system is involved in the pathogen-
esis of schizophrenia at least partially by modulation of
dopaminergic neurotransmission.

Conclusion

There seems to be no doubt that cannabis can induce
psychosis in a subgroup of people who already are sus-
ceptible for developing psychotic symptoms. The
majority of people who use cannabis, however, do not
develop psychosis and the majority of cases of schizo-
phrenia are not caused by cannabis. Cannabis abuse



remains to be associated with poor outcome of schizo-
phrenia-like disorders despite some results of recent
short-term interventions. T'wo recent studies, however,
did not find adverse effects of cannabis on cognition in
people with psychosis.

This review demonstrates that increasingly plausible
biological mechanisms are surfacing that may explain
possible psychotogenic properties of cannabis.

From the still scarce literature it appears that there may
be a dissociation between acute effects and chronic
effects of cannabis on brain structure and function. With
regards to cognitive function, acute and chronic cannabis
consumption are leading to impairments particularly
memory and attention. The studies that use ‘pure’
THC do demonstrate acute psychotogenic effects of
THC, but they are performed in controlled situations.
Difficulties in interpreting most studies are polydrug
abuse, the lack of clear definitions of cannabis use,
different concentrations of THC in ‘coffee-shop’ canna-
bis preparations, and often unreliable self-reports on
cannabis consumption. Also nowadays proper baseline
‘cannabis-naive’ measures are difficult to obtain. Most
studies have focused on nonpsychotic cannabis-users. A
proportion of these people may still go on to develop
psychosis. Also, there is as yet no clear picture of the
effects of cannabis on neurobiology in the already psy-
chotic population. There are biological plausible mech-
anisms, particularly those interfering with dopaminergic
neurotransmission, but the exact nature of these effects
in different brain regions is still unclear. Future larger and
longitudinal studies will need to address this to extend
our knowledge and understanding. Until then the debate
on cannabis and psychosis will probably continue.

Acknowledgement
J. Garcia Barnet MD helped the authors with a search of the relevant
literature of cannabis effects on the brain.

References and recommended reading

Papers of particular interest, published within the annual period of review, have
been highlighted as:

e of special interest

ee of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (pp. 180-181).

1 Iversen L. Long-term effects of exposure to cannabis. Curr Opin Pharmacol
e 2005; 5:69-72.

This article discusses the long effects of cannabis in a broader scope, including
psychosocial consequences, the dependency syndrome and toxic effects on
physical health.

2 Budney AJ, Hughes JR. The cannabis withdrawal syndrome. Curr Opin
Psychiatry 2006; 19:233-238.

3  Fergusson DM, Poulton R, Smith PF, Boden JM. Cannabis and psychosis.
BMJ 2006; 332:172-175.

Hall W. Is cannabis use psychotogenic? Lancet 2006; 367:193-195.

Linszen DH, Dingemans PM, Lenior ME. Cannabis abuse and the course of
recent-onset schizophrenic disorders. Arch Gen Psychiat 1994; 51:273-
279.

Cannabis and psychosis Linszen and van Amelsvoort 119

6  Caspari D. Cannabis and schizophrenia: results of a follow-up study. Eur Arch
Psychiatry Clin Neurosci 1999; 249:45-49.

7  Buhler B, Hambrecht M, Loffler W, Hafner H. Precipitation and determination
of the onset and course of schizophrenia by substance abuse: retrospective
and prospective study of 232 population-based first illness episodes. Schi-
zophr Res 2002; 54:243-251.

8 Van Os J, Bak M, Hanssen M, et al. Cannabis use and psychosis: a long-
itudinal population-based study. Am J Epidemiol 2002; 156:319-327.

9 Margolese HC, Negrete JC, Tempier R, Gill K. A 12-month prospective follow-
up study of patients with schizophrenia-spectrum disorders and substance
abuse: Changes in psychiatric symptoms and substance use. Schizophr Res
2006; 83:65-75.

10 Bellack AS, Bennett ME, Gearon JS, et al. A randomized clinical trial of a new
e  behavioral treatment for drug abuse in people with severe and persistent
mental illness. Arch Gen Psychiatry 2006; 63:426-432.

Despite the prevalence of cocaine and opiates abuse in this group of chronic
patients with nearly half with schizophrenia and co-morbid substance abuse this
randomized behavioral treatment trial showed a benificial effect on drug abuse as
measured with urine analysis (cocaine, opiates and cannabis) and community
functioning as secondary outcome measures.

11 Fletcher PC, Honey GD. Schizophrenia, ketamine and cannabis: evidence of
overlapping memory deficits. Trends Cogn Sci 2006; 10:167-174.

12 Skosnik PD, Spatz-Glenn L, Park S. Cannabis use is associated
with schizotypy and attentional disinhibition. Schizophr Res 2001; 48:
83-92.

13 Ranganathan M, D'Souza DC. The acute effects of cannabinoids on memory
ee in human: a review. Psychopharmacology 2006; 188:425-444.

This is an excellent and thorough review on the effects of different aspects of
memory. The literature in humans is discussed, but underlying neurochemical
mechanisms and future directions are discussed as well.

14 Solowij N, Stephens RS, Roffman RA, et al, Marijuana Treatment Project
Research Group. Cognitive functioning of long-term heavy cannabis users
seeking treatment. JAMA 2002; 287:1123-1131.

15 Lundqvist T. Cognitive consequences of cannabis use: comparison with
abuse of stimulants and heroin with regard to attention, memory and executive
functions. Pharmacol Biochem Behav 2005; 81:319-330.

16 Fried PA, Watkinson B, Gray R. Neurocognitive consequences of marihuana—
a comparison with predrug performance. Neurotoxicol Teratol 2005; 27:
231-239.

17 Lyons MJ. Neuropsychological consequences of regular marijuana use: a twin
study. Psychol Med 2004; 34:1239-1250.

18 Stirling J, Lewis S, Hopkins R, et al. Cannabis use prior to first onset psychosis
predicts spared neurocognition at 10-year follow-up. Schizophr Res 2005;
75:135-137.

19 McCleery A, Addington J, Addington D. Substance misuse and cognitive

e functioning in early psychosis: A 2 year follow-up. Schizophr Res 2006;
88:187-191.

This important clinical study examined the relationship between cognitive function

and substance misuse in first episode psychosis over a 2-year period. The authors

did not find evidence for a negative impact of substance use on cognition.

20 Wilson W, Mathew R, Turkington T, et al. Brain morphological changes and
early marijuana use: a magnetic resonance and positron emission tomography
study. J Addict Dis 2000; 19:1-22.

21 Volkow ND, Gillespie H, Mullani N, et al. Cerebellar metabolic activation by
delta-9-tetrahydro-cannabinol in human brain: a study with positron emission
tomography and 18F-2-fluoro-2-deoxyglucose. Psychiatry Res 1991; 40:
69-78.

22 Volkow ND, Gillespie H, Mullani N, et al. Brain glucose metabolism in chronic
marijuana users at baseline and during marijuana intoxication. Psychiatry Res
1996, 67:29-38.

23 Herning RI, Better WE, Tate K, Cadet JL. Cerebrovascular perfusion in

e marijuana users during a month of monitored abstinence. Neurology 2005;
64:488-493.

This study reported the results of transcranial doppler sonography measuring

blood flow velocity of middle and anterior cerebral arteries. Increased cerebro-

vascular resistance was still present after 1 month of abstinence in heavy cannabis

users.

24 Block RI, O'Leary DS, Ehrhardt JC, Augustinack JC, Ghoneim MM, Arndt S,
Hall JA. Effects of frequent marijuana use on brain tissue volume and
composition. Neuroreport. 2000 Feb 28; 11(3):491-496.

25 Matochik JA, Eldreth DA, Cadet JL, Bolla K. Altered brain tissue composition
in heavy marijuana users. Drug Alcohol Depend 2005; 77:23-30.

26 Tzilos GK, Cintron CB, Wood JB, et al. Lack of hippocampal volume change in
long-term heavy cannabis users. Am J Addict 2005; 14:64-72.



120 Schizophrenia

27 Delisi LE, Bertisch HC, Szulc KU, et al. A preliminary DTI study showing no
brain structural change associated with adolescent cannabis use. Harm
Reduct J 2006; 3:17.

28 Cahn W, Hulshoff Pol HE, Caspers E, et al. Cannabis and brain morpho-
logy in recent-onset schizophrenia. Schizophr Res 2004; 67:305-
307.

29 Jager G, Kahn RS, Van Den Brink W, et al. Long-term effects of frequent
cannabis use on working memory and attention: an fMRI study. Psychophar-
macology 2006; 185:358-368.

30 Chang L, Yakupov R, Cloak C, Emnst T. Marijuana use is associated with a

e reorganized visual-attention network and cerebellar hypoactivation. Brain
2006; 129:1096-1112.

This fMRI study showed that despite similar cognitive performance both active and

abstinent cannabis users have different brain activation patterns compared to

controls during performance of a visual-attention task.

31 Sneider JT, Pope HG Jr, Silveri MM, et al. Altered regional blood volume
in chronic cannabis smokers. Exp Clin Psychopharmacol 2006; 14:422—
428.

32 Kanayama G, Rogowska J, Pope HG, et al. Spatial working memory in heavy
cannabis users: a functional magnetic resonance imaging study. Psychophar-
macology 2004; 176:239-247.

33 Gruber SA, Yurgelun-Todd DA. Neuroimaging of marijuana smokers during
inhibitory processing: a pilot investigation. Brain Res Cogn Brain Res 2005;
23:107-118.

34 Quickfall J, Crockford D. Brain neuroimaging in cannabis use: a review.
J Neuropsychiatry Clin Neurosci 2006; 18:318-332.

35 Kolb B, Gorny G, Limebeer CL, Parker LA. Chronic treatment with Delta-9-

e tetrahydrocannabinol alters the structure of neurons in the nucleus accum-
bens shell and media prefrontal cortex of rats. Synapse 2006; 60:429-
436.

This study demonstrated that THC promotes dopaminergic activity in the nucleus

accumbens and medial prefrontal cortex.

36 Nagai H, Egashira N, Sano K, et al. Antipsychotics improve Delta9-
tetrahydrocannabinol-induced impairment of the prepulse inhibition of
the startle reflex in mice. Pharmacol Biochem Behav 2006; 84:330-
336.

37 Pisanu A, Acquas E, Fenu S, Di Chiara G. Modulation of Delta(9)-THC-
induced increase of cortical and hippocampal acetylcholine release by micro
opioid and D(1) dopamine receptors. Neuropharmacology 2006; 50:661—
670.

38 Verrico CD, Jentsch JD, Roth RH. Persistent and anatomically selective
reduction in prefrontal cortical dopamine metabolism after repeated, inter-
mittent cannabinoid administration to rats. Synapse 2003; 49:61-66.

39 D’'Souza DC, Perry E, MacDougall L, et al. The psychotomimetic effects of
intravenous delta-9-tetrahydrocannabinol in healthy individuals: implications
for psychosis. Neuropsychopharmacology 2004; 29:15658-1572.

40 Koethe D, Gerth CW, Neatby MA, et al. Disturbances of visual information

e  processing in early states of psychosis and experimental delta-9-tetrahydro-
cannabinol altered states of consciousness. Schizophr Res 2006; 88:142—
150.

This experimental study demonstrated the usefulness of THC for modeling

psychotic disorders including their prodromal states.

41 Emrich HM, Leweke FM, Schneider U. Towards a cannabinoid hypothesis of
schizophrenia: cognitive impairments due to dysregulation of the endogenous
cannabinoid system. Pharmacol Biochem Behav 1997; 56:803-807.

42 D’'Souza DC, Abi-Saab WM, Madonick S, et al. Delta-9-tetrahydrocannabinol
effects in schizophrenia: implications for cognition, psychosis, and addiction.
Biol Psychiatry 2005; 57:594-608.

43 Henquet C, Rosa A, Krabbendam L, et al. An experimental study of catechol-

e o-methyltransferase val(158)met moderation of delta-9-tetrahydrocannabinol-
induced effects on psychosis and cognition. Neuropsychopharmacology
2006; 31:2748-2757.

A double blind placebo-controlled trial of THC in patients, relatives and controls.

Findings suggest increased risk for Val carriers in case of preexisting liability for

psychosis.

44 Caspi A, Moffitt TE, Cannon M, et al. Moderation of the effect of adolescent-
onset cannabis use on adult psychosis by a functional polymorphism in
the catechol-O-methyltransferase gene: longitudinal evidence of a gene X
environment interaction. Biol Psychiatry 2005; 57:1117-1127.

45 Giuffrida A, Leweke FM, Gerth CW, et al. Cerebrospinal anandamide levels
are elevated in acute schizophrenia and are inversely correlated with psy-
chotic symptoms. Neuropsychopharmacology 2004; 29:2108-2114.

46 Leweke FM, Giuffrida A, Wurster U, et al. Elevated endogenous cannabinoids
in schizophrenia. NeuroReport 1999; 10:1665—-1669.

47 Newell KA, Deng C, Huang XF. Increased cannabinoid receptor density in the
posterior cingulate cortex in schizophrenia. Exp Brain Res 2006; 172:556 -
560.

48 Skosnik PD, Krishnan GP, Aydt EE, et al. Psychophysiological evidence of
altered neural synchronization in cannabis use: relationship to schizotypy. Am
J Psychiatry 2006; 163:1798-1805.



	scan0001
	Linszen_COP20.2_116_2007
	Cannabis and psychosis: an update on course and biological plausible™mechanisms
	Cannabis and cognition
	Cannabis and brain imaging
	Cannabis and biological plausibility
	Conclusion
	Acknowledgement
	References and recommended reading





