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Abstract

While most neurochemical research into the pathogenesis of schizophrenia (SZ) has focused on the dopaminergic, gluta-

matergic, and serotonergic systems, the exact nature and cause of this disorder have proven intractable. Given the recent

discovery and elucidation of the endogenous cannabinioid system, a re-examination of the cannabis-induced exacerbation

hypothesis of SZ is warranted. The purpose of the present study was to assess whether current cannabis users exhibit personality

correlates and neurocognitive de®cits similar to those observed in SZ patients. 15 current cannabis users, 15 drug-free controls,

and 10 past cannabis users were assessed on tasks which assess attentional inhibition, spatial working memory, olfactory

identi®cation, and schizotypal personality. Current cannabis users demonstrated de®cits in attentional inhibition, decreased

reaction time, and signi®cantly higher scores on the schizotypal personality questionnaire (SPQ) compared with the non-using

and past cannabis using groups. No group differences were found on the working memory or olfactory identi®cation tasks.

These results suggest that cannabis use can mimic attentional de®cits seen in acute schizophrenia and is associated with

schizotypal personality, thus setting the stage for a possible cannabinoid model of SZ. q 2001 Elsevier Science B.V. All

rights reserved.
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1. Introduction

Marijuana, or Cannabis sativa, has been used for

centuries for its euphoriant, psychedelic, and

medicinal properties. Whether smoked or eaten, its

active ingredient delta-9-tetrahydrocannabinol

(THC; Gaoni and Mechoulam, 1964) can cause

acute euphoria, altered time perception, dissociation

of ideas, paranoia, motor impairment, and occasional

hallucinations (Abood and Martin, 1992). In addition,

alterations in various cognitive and behavioral

abilities such as memory, attention, reaction time,

concept formation, motor coordination, and percep-

tion have been well documented (Abood and Martin,

1992). Given the similarities between these effects

and many of the symptoms of acute SZ, a plethora

of past and current research has sought to uncover a

possible relationship between cannabis use and the

development of psychosis.

The fact that many cannabis users demonstrate

acute psychotic reactions has led many researchers

to postulate the existence of a speci®c cannabis-

induced psychosis (Spencer, 1970). For example,

Chopra and Smith (1974) described SZ-like psychotic

episodes in a group of East Indian marijuana users,
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and similar results have been reported by other

researchers as well (Beaubrun and Knight, 1973;

Bowman and Pihl, 1973; Halikas et al., 1972; Negrete,

1973). However, a speci®c cannabis-induced psycho-

sis seems unlikely. What is more probable is that

certain individuals are genetically or environmentally

predisposed to develop SZ, and that cannabis can act

as a catalyst for a psychotic episode.

Along these lines there is evidence that cannabis

use can act as a speci®c risk factor for the develop-

ment of SZ (Andreasson et al., 1987), and that

cannabis use can exacerbate SZ symptoms, increase

relapse rates, and even attenuate the ef®cacy of neuro-

leptic drugs (Breakey et al., 1974; Davidson and

Wilson, 1972; Knudsen and Vilmar, 1984; Treffert,

1978; Linszen et al., 1994). Given these data, and

the discoveries of the ®rst cannabinoid brain receptors

and endogenous neurotransmitters (Devane et al.,

1988, 1992), new hypotheses and possible mechan-

isms can now be examined in relation to the enigma

of SZ and cannabinoids.

There is a growing body of evidence suggesting

that SZ patients demonstrate varying degrees of

neurocognitive impairment (Goldman-Rakic, 1991;

Gray et al., 1991; Park and Holzman, 1992; Pantelis

and Brewer, 1995; Iwanami et al., 1996; Park et al.,

1996). Interestingly, there is also initial evidence that

cannabis users show neurocognitive de®cits in

working memory and selective attention (Solowiji,

1995; Fletcher et al., 1996; Pope and Yurgelun-

Todd, 1996), and increased rates of schizotypal

personality as assessed by the schizotypal personality

questionnaire (Williams et al., 1996). Thus,

studies aimed at elucidating the interrelationship

between cannabis use, neurocognitive ability, and

schizotypal personality may serve to elucidate the

role of cannabis in SZ pathogenesis, and may invite

new hypotheses into the neurochemical underpinnings

of this disease.

The purpose of the present study was to determine

if current cannabis users demonstrate SZ-like neuro-

cognitive de®cits on tasks which measure hippo-

campus-dependent attentional inhibition (negative

priming; NP) (Venables, 1992), prefrontal cortical-

dependent working memory (Goldman-Rakic,

1991), and orbitofrontal cortical-dependent olfactory

identi®cation (Potter and Butters, 1980; Jones-

Gotman and Zatorre, 1988). In addition, the schizo-

typal personality questionnaire (SPQ; Raine, 1991)

was administered to all participants to determine if

schizotypal personality traits are associated with

cannabis use. Past cannabis using participants and

control subjects were also tested on the same tasks.

Past studies show that positive symptomatology is

associated with reduced attentional or cognitive

inhibition (Gray et al., 1991), whereas working

memory de®cits tend to be associated with negative

symptoms (Carter et al., 1996; Park et al., 1999).

Cannabis use has been associated with catalyzing

full-blown psychosis with predominantly positive

symptoms. Therefore, we expected the current

cannabis smokers to display a neurocognitive pro®le

that is associated with the positive symptoms more

than the negative symptoms. In other words, we

hypothesized that cannabis smokers would show

greater de®cits in negative priming than on the work-

ing memory or the olfactory identi®cation tasks.

2. Methods and materials

2.1. Participants

All subjects were recruited by placing advertise-

ments from the university community as well as

from the local Evanston and Chicago areas. Indi-

viduals tested [50% male; mean age� 23.3

(S.E.�^1.05); mean years of education� 14.8

(S.E.�^0.28)] were screened for a history of mental

illness in themselves or in their families, head injury,

and the use of any drugs other than cannabis. Each

individual was paid for participation in the study,

written informed consent was obtained from each,

and a full debrie®ng was given at the conclusion of

the study.

The inclusion criteria for the current cannabis

using group [n� 15; 60% male; mean age� 22.3

(S.E.�^0.91); mean years of education� 14.6

(S.E.�^0.41)] was a pattern of cannabis consump-

tion which included regular use at least once per week

(mean use� 1.3 times per week) without taking any

other drugs. No subject in this group was tested within

48 h of smoking cannabis and therefore nobody was

acutely intoxicated at the time of testing. Inclusion

into the past cannabis using group [n� 10; 70%

male; mean age� 23.6 (S.E.�^1.59); mean years
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of education� 15.2 (S.E.�^0.47)] included the

consumption of cannabis at least once in the past,

with no use in the 45 days prior to the experiment.

The control group [n� 15; 30% male; mean

age� 24.1 (S.E.�^2.5); mean years of

education� 14.6 (S.E.�^0.56)] had no history of

any drug use prior to the experiment. An ANOVA

indicated that the three groups did not differ in age

[F(2,37)� 0.297; P . 0.25] or years of education

[F(2,37)� 0.413; P . 0.34].

All subjects participated in three experimental

tasks: negative priming (NP), working memory, and

olfactory identi®cation (UPSIT). In addition, all

subjects ®lled out the 74 item schizotypal personality

questionnaire (SPQ). The tasks are described below,

and the order of presentation of each task was counter-

balanced across all subjects.

2.2. Negative priming (NP)

All stimuli were presented on a Macintosh

computer. The stimuli were presented at each of the

four corners of the computer screen (Fig. 1). The

visual angle between the vertical and horizontal

positions was 7.88. The target stimulus consisted of

the symbol (o) while the distractor consisted of the

symbol (1). The stimuli (o or 1) subtended 0.68 by

0.68 of visual angle. Subjects sat 45 cm from the

computer screen and indicated the location of
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the target by pressing the corresponding key on the

keyboard.

In the visuospatial NP task, pairs of prime and

probe displays are presented on a computer screen

(Fig. 1). First, a `prime' display is presented in

which a target stimulus must be located while a

distractor stimulus is ignored. Immediately following

the `prime' display, a `probe' display is presented, in

which a target stimulus is presented at the ignored

distractor position from the previous prime display

(i.e. ignored repetition. Thus, subjects are required

to select the location that they had just ignored. Typi-

cally, when a `prime'±`probe' pair involves such an

ignored repetition, the reaction times (RTs) to locate

the target on the `probe' displays are longer owing to

inhibitory processes associated with the ignored loca-

tion, and such an increase in RT as a result of a

previous exposure is called the negative priming

effect (Tipper, 1985). In the ignored repetition condi-

tion, the negative priming effect depends on the

degree of selective attention achieved on the prime

display. Hence, the greater the attentional inhibition

exhibited during the prime display, the slower the RT

to locate the target on the subsequent probe display.

When the `prime'±`probe' pairs do not involve an

ignored repetition of a location, such increases in

RTs to locate the target on the probe displays do not

occur. In other words, when the location of the

distractor in the `prime' display and the location of

the target in the `probe' display do not overlap, there

is no NP effect.

There were three types of trial involving the

`prime'±`probe' display pairs: (1) ignored repetition

trials (IR) which represented the condition in which

the RTs to locate the target on the probe were

expected to be slowed; (2) control trials (C) in

which the target position on the probe display was

unrelated to the distractor position in the prime

display (Fig. 1b); and (3) neutral trials (N) character-

ized by the absence of a distractor in the prime

displays (not shown). N trials were utilized to assess

the simple RT to detect a visual target. Each subject

received 24 of each type of trial. The dependent

measure will be the reaction time to locate the target

on the probe trials. NP scores were calculated by

subtracting the IR probe RTs from the C probe RTs.

Thus, longer RTs in the IR trials compared with those

from the C trials resulted in more negative NP scores,

and indicated a greater NP effect (greater attentional

inhibition).

Subjects were seated at the computer and were

asked to read the instructions on the screen. They

were instructed to indicate the location of the target

(o) as accurately and quickly as possible while simul-

taneously ignoring the distractor (1). Subjects indi-

cated the location of the target by pressing a key on

the keyboard, which corresponded to the location of

the target on the screen. When ready, the subjects

pressed the spacebar to initiate a block of trials. A

trial began with a prime display which remained on

until a response was made. After a 1350 ms delay, the

probe display appeared and the subjects again had to

respond to the target location. This constituted one

trial, and a mask screen of at least 6.4 s separated

each trial. At this point, the subjects were asked if

they are ready to move on to the next trial, which

could be initiated by again hitting the space bar. The

6.4 s intertrial interval with the mask screen is neces-

sary because Tipper et al. (1991) showed that NP can

last up to about 7 s, thus any chance for residual

priming was minimized. Subjects received 24 of

each type of trial (IR, C, and N) in randomized order.

2.3. Spatial working memory

All stimuli were presented on a Macintosh com-

puter. The target was a small black dot (28 of visual

angle) appearing in one of eight possible positions,

each separated by 458, along the circumference of

an imaginary circle. The ®xation point was a small

black crosshair (0.58 of visual angle) appearing in the

center of the screen. The distance between the ®xation

point and any target location was 128 of visual angle.

Subjects sat 45 cm from the computer monitor. The

remembered target location was chosen utilizing a

computer mouse and the target locations were

presented in a completely random order.

After receiving instructions, subjects focused on the

®xation point in the middle of the screen. When ready,

the subjects clicked the mouse, and a black target

¯ashed in one of the eight locations for 200 ms.

After the target disappeared, subjects were presented

with an intervening task for 10 s in order to prevent

any rehearsal of the target location. This intervening

task involved reading a series of words on the com-

puter screen, deciding whether the words were in the
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same semantic category or not. After this delay

period, the eight possible target positions were

presented and the subjects touched the location

where the target had been presented. Subjects

performed three blocks of 16 trials, and were allowed

to rest between blocks. A sensory control task was

also administered. It was identical to the working

memory task except that the target remained on the

screen during the intervening task. Subjects

performed 16 trials of the control task. The per cent

correct was calculated for both the memory and

sensory tasks.

2.4. Olfactory identi®cation

Olfactory identi®cation was assessed using the

University of Pennsylvania Smell Identi®cation

Test (UPSIT) (Doty et al., 1984). The UPSIT is a

standardized multiple choice scratch-and-sniff test

consisting of four books of 10 items each. Subjects

were asked to scratch the scent-impregnated area with

a pencil and to identify the particular smell from the

four choices for each item. If the subjects could not

identify a particular smell, they were encouraged to

make the best possible guess. The dependent measure

was the number of correct choices out of 40 (%

correct).

2.5. Schizotypal personality questionnaire

All subjects were given the schizotypal personality

questionnaire (SPQ) developed by Raine (1991). The

SPQ consists of 74 yes/no questions with nine

subscales based on the features of schizotypal

personality in DSM-III-R (American Psychological

Association, 1987). The dependent measure was the

number of af®rmative answers chosen on the

questionnaire. Thus, higher scores indicate an

increased tendency toward schizotypy. There are

nine subscales in the SPQ corresponding to the nine

syndromes of schizotypal personality as speci®ed by

the DSM.

2.6. Data analysis

Groups were compared using the analysis of

variance (ANOVA) and Pearson product moment

correlation (level of signi®cance P , 0.05, two-tailed

unless otherwise noted).

3. Results

A summary of the results is presented in Table 1.

Fig. 2 shows the effects of the NP experiment for

the three groups. The accuracy in locating the

target was near 100% for almost all subjects, and

there was no difference in accuracy between the

groups. An ANOVA showed that the three groups
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Table 1

Data summary for per cent negative priming, mean RT (ms), work-

ing memory (% correct), UPSIT (% correct) and SPQ scores

THC users Past users Controls

NP scores 4.5 ^ 7.1 217.0 ^ 4.9 213.9 ^ 5.1

RT (ms) 402.0 ^ 10.9 461.0 ^ 8.9 464.6 ^ 18.1

Working memory 93.1 ^ 1.8 94.8 ^ 1.3 91.2 ^ 2.0

UPSIT (%) 94.5 ^ 1.3 95.5 ^ 0.9 92.3 ^ 2.0

SPQ scores 30.7 ^ 2.6 17.6 ^ 1.4 12.6 ^ 2.4

Suspiciousness 2.5 ^ 0.58 1.7 ^ 0.59 1.3 ^ 0.47

Magical thought 3.3 ^ 0.53 1.3 ^ 0.37 0.67 ^ 0.23

Perceptual distortion 2.9 ^ 0.55 1.6 ^ 0.31 1.1 ^ 0.27

Odd behavior 4.1 ^ 0.47 2.7 ^ 0.52 0.47 ^ 0.27

Odd speech 0.45 ^ 0.52 1.3 ^ 0.34 1.9 ^ 0.36

Reference 3.9 ^ 0.57 1.7 ^ 0.34 1.8 ^ 0.59

Anxiety 1.8 ^ 0.54 3.5 ^ 0.67 2.6 ^ 0.51

Constricted effect 2.1 ^ 0.5 1.8 ^ 0.47 1.7 ^ 0.5

No close friends 1.7 ^ 0.51 2.1 ^ 0.55 1.2 ^ 0.41

Fig. 2. Mean (SEM) % negative priming scores for the current

cannabis users (THC), past users, and controls. Only the THC

group shows abolition of negative priming as indicated by the posi-

tive score.



differed signi®cantly on the negative priming.

[F(2,37)� 3.72, P , 0.035]. As can be seen from

Fig. 2, the current cannabis group showed a more

positive NP score (disinhibition or absence of NP),

while the past cannabis group and control group

demonstrated negative NP scores (normal NP). No

sex differences were found. Focused comparisons

revealed that the current cannabis group demonstrated

more positive NP scores compared with both the past

cannabis group [F(1,23)� 3.64, P , 0.035, one-

tailed] and the control group [F(1,28)� 3.41,

P , 0.04, one-tailed]. There was no difference in the

NP scores between the past cannabis group and the

control group [F(1,23)� 0.17, P . 0.68]. There was

no signi®cant correlation between the NP scores and

the amount of marijuana consumed per week (as

indicated by self-report) in the cannabis using group

(r� 0.15, P . 0.42).

Fig. 3 shows the baseline RT data obtained from the

N trials (no distractor) in the NP experiment. There

was a difference among the three groups on the RT

[F(2,37)� 6.5, P , 0.004]. The current cannabis

group demonstrated faster reaction time compared

with the past cannabis group [F(1,23)� 15.0,

P , 0.001] and the control group [F(1,28)� 8.8,

P , 0.006]. There was no difference between the

past cannabis group and the control group in the RT

[F(1,23)� 0.023, P . 0.12], nor was there any corre-

lation between RT and the amount of marijuana

consumed per week (r� 0.03, P . 0.74). There was

no sex difference.

The results of the SPQ can be seen in Fig. 4. An

ANOVA revealed that the three groups differed

signi®cantly in total SPQ scores [F(2,37)� 16.5,

P , 0.0001]. Again, no sex differences were found.

Focused comparisons revealed that the current

cannabis group showed signi®cantly elevated SPQ

scores compared with the past cannabis group

[F(1,23)� 14.5, P , 0.0009] and the control

group [F(1,28)� 25.4, P , 0.0001]. There was no

signi®cant difference in SPQ scores between the

past cannabis and control groups, even though

the past group showed slightly higher scores than

the control group [F(1,23)� 2.4, P . 0.13]. There

was no correlation between the amount of marijuana

smoked and SPQ scores in the current cannabis group

(r� 0.078, P . 0.22). There were signi®cant differ-

ences between the three groups on the subscale scores

of magical thought [F(2,37)� 12.7, P , 0.0001],

perceptual distortion [F(2,37)� 5.9, P , 0.006],

ideas of reference [F(2,37)� 5.4, P , 0.009], odd

behavior [F(2,37)� 22.1, P , 0.0001], and odd

speech [F(2,37)� 15.7, P , 0.0001]. Magical

thought, perceptual distortion, ideas of reference are

the subscales that contribute to the positive syndrome.

The three groups did not differ on the subscales of

suspiciousness [F(2,37)� 1.6, P . 0.775], anxiety

[F(2,37)� 0.61, P . 0.452], constricted effect

[F(2,37)� 0.18, P . 0.165], or no close friends
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[F(2,37)� 0.82, P . 0.551]. These are the subscales

that contribute to the negative syndrome. A pro®le of

the individual subscale scores is represented in Fig. 5.

There was no correlation between the amount of

marijuana smoked and any of the SPQ subscale

scores; correlation coef®cients ranging from 20.18

to 0.15).

There was, however, a signi®cant correlation

between SPQ scores and NP scores (r� 0.34,

P , 0.017). In other words, those with more positive

NP scores (disinhibition or no NP) tend to exhibit

higher SPQ scores (Fig. 6). But there was no signi®-

cant correlation between NP scores and any of the

SPQ subscale scores. There was also no signi®cant

difference between any of the groups on the working

memory [F(2,37)� 0.91, P . 0.59] or olfactory

identi®cation tasks [F(2,37)� 0.98, P . 0.62].

4. Discussion

The results of the present study provide evidence

that current cannabis use can mimic the attentional

inhibition dysfunction seen in SZ. Speci®cally,
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typal personality questionnaire (SPQ) scores.



individuals currently using cannabis at least once per

week had increased NP scores (increased disinhibi-

tion) than did past users or controls. This effect did

not stem from an overall de®cit in visual attention,

since cannabis users actually had signi®cantly faster

RTs when they were performing a simple detection

task. Furthermore, we found that the current cannabis

users showed increased scores on the positive

syndrome of the SPQ but not on the negative

syndromes, suggesting that the cannabis may affect

behaviors related to the positive symptoms but not

the negative symptoms. This result is interesting in

the context of negative priming, because it has been

demonstrated that acutely psychotic but not chronic

SZ patients perform poorly on the spatial negative

priming task (Park et al., 1996). However, further

study is needed to test this hypothesis.

Schizophrenia patients show de®cits in working

memory and olfactory identi®cation tasks utilized in

the current experiment (Park and Holzman, 1992;

Pantelis and Brewer, 1995), but interestingly the

current cannabis smokers showed no de®cits. One

possible reason for the lack of any working memory

de®cits is that cannabis-induced memory changes

may occur only after years of chronic use. Given

that the sample population utilized in the current

study were all college-aged students, it is possible

that the period of cannabis use was too short to visibly

interrupt working memory systems. A second possi-

bility is that cannabis use impairs behavior associated

with the positive symptoms of schizophrenia but not

those related to negative symptoms. Working memory

and olfactory identi®cation are associated with

negative symptoms and prefrontal function (Carter

et al., 1996; Park et al., 1999; Pantelis and Brewer,

1995). It is also possible that THC may even improve

negative symptoms and prefrontal functions. In any

case, THC may not disrupt prefrontal function at low

doses. In the case of the olfactory identi®cation func-

tion, the key region for this task, the orbitofrontal

cortex (Potter and Butters, 1980; Jones-Gotman

and Zatorre, 1988), contains a lower density of

cannabinoid receptors compared with other structures

(Herkenham et al., 1990). Therefore cannabis use may

not greatly affect olfactory identi®cation function.

Given the plethora of past and present research

which has shown a link between cannabis use and

variables related to SZ, it seems a logical next step

to examine the possible points of crossover between

what is known about the neurobiology of SZ and the

recently discovered endocannabinoid system. For

example, there seems to be a close interaction

between the endocannabinoid system and the dopa-

minergic system (Chen et al., 1989, 1990; Ng Cheong

Ton and Gardner, 1986; Ng Cheong Ton et al., 1988;

Taylor et al., 1988; Souilhac et al., 1995; Sanudo-Pena

et al., 1996; Giuffrida et al., 1999). Additionally,

central cannabinoid (CB1) receptors appear to be

localized in such brain areas as prefrontal cortex,

basal ganglia, and hippocampus (Herkenham et al.,

1990), structures which have been repeatedly impli-

cated in the pathogenesis of SZ (Andreasen et al.,

1992; Frith, 1992; Funahashi et al., 1993; Gray et al.,

1991; Morice, 1990; Swerdlow et al., 1986;

Weinberger et al., 1986). Finally, it has been shown

that SZ patients demonstrate abnormal activity in

arachidonic acid (AA) metabolism (Yao et al.,

1996). Given that AA is the molecular precursor of

the endocannabinoid neurotransmitter anandamide

(Devane et al., 1992), it could be hypothesized that

SZ patients have an alteration in the normal levels of

this transmitter. Indeed, a recent study by Leweke et

al. (1999) has provided initial evidence that SZ

patients have elevated levels of anandamide in cere-

bral spinal ¯uid, thus providing the ®rst direct

evidence of a speci®c dysregulation of cannabinoid

dynamics in SZ.

Several other questions stemming from the current

study also need to be addressed. The lack of signi®-

cant correlations between the amount of marijuana

consumed and NP or SPQ scores is somewhat surpris-

ing. However, it is possible that no correlation was

found because of the differential potencies of cannabis

strains used by the participants. For example, one

individual may consume a less potent strain of canna-

bis 10 times per week, whereas another individual

may smoke a stronger strain but less often, making

the circulating levels of THC in these two individuals

near equal. Therefore, a dose- and strain-controlled

laboratory study is much needed. In addition, our

sample size may have been too small to detect weak

correlations. Hence, future studies need to be

performed using a larger sample size with actual

blood or urinary levels of THC assayed in order to

determine how these compounds affect cognition and

schizotypy.
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Finally, it would be interesting to examine whether

cannabis use may further exacerbate the neuro-

cognitive de®cits in SZ patients, and if this exacerba-

tion can be reversed with neuroleptic treatment. By

performing these and similar studies examining the

interaction of cannabis, the endocannabinoid system,

and SZ, much knowledge will be accrued with regard

to both one of the most debilitating mental disorders,

and the system that subserves one of the most

prevalent drugs of abuse.
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