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ABS1RACT 

This thesis investigates cognitive impairments associatoo with chronic use of cannabis in a 

series of brain event-related pocential (ERP) studies of selective attention. The first 

experiment found few differences between users and controls in a simple auditory 

discrimination paradigm. In experiment two, a complex auditory selective attention task 

showed that users differed significantly from controls in efficiency of information 

processing. Subjects attended to tones that varied in location, pitch and duration and 

responded to long duration tones of a particular location and pitch. Cannabis users' task 

performance was poorer than that of controls and users showed enhanced early 

processing negativity (PN) to stimuli of irrelevant pitch in the attendoo ear. This indicates 

that users engaged in unnecessary pitch processing and had difficulty in filtering out 

irmlevant info•••Nltion. P300 was reduced in the user group, suggesting a dysfunction in 

the allocation of attentional resoun:es and stimulus evaluation strategies. Experiment three 

replicated the finding of large PN to pitch irrelevant stimuli in a larger sample, and 

e1eamined the effects of frequency and dmation of cannabis use. The ability to focus 

attention and reject irmlevant inf or••>ation, measured by PN to irrelevant stimuli, was 

progressively impaired with the number of years of use but was unrelated to frequency of 

use. The speed of information processing, measured by P300 latency, was significantly 

delayed with increasing frequency of use but was unrelated to duration of use. These 

results suggest that a chronic b11ild up of cannabinoids produces both short and long term 

cognitive impairments. Experiment four assessed the reversibility of the PN effect in ex

cannabis users. The results showed that the large PN to irrelevant stimuli partially 

resolved following cessation of cannabis use. 1bere was still a significant relationship 

between PN and past duration of cannabis use, and ex-users' task perf01n1ance was 

poorer than that of controls. This suggests that past exposure to cannabis continues to 

affect elecbophysiology and cognition well after discontinuing use. The conclusion from 

this research is that long ·te1m cannabis use progressively impairs the ability to process 

infOJ•oation efficiently, and there is only partial recovery with cessation of use. 



" what hashish gives with one hand it takes away with the other: that is to say, it 

gives the power of imagination and takes away the ability to profit by it. " 

.. 
ll 

Charles Baudelaire (1860) Les Paradis Artificiel, Paris: Poulet-Malassis. 

" ... unquestionably there are modifications (I do not dare use the word "lesion") 

in the organ which is in charge of mental functions. But these modifications are not 

those one would generally expect They will always escape the investigations of the 

researchers seeking alleged or imagined structural changes. One must not look for 

partic1ilar, abn01,1,aJ changes in either the gross anatomical or the fme histological 

structure of the brain; but one must look for any alterations of its sensibility, that is to 

say, for an ilTegular, enhanced, diminished or distorted activity of the specific 

meclianisms upon which depends the perfm,oance of mental functions." 

Moreau de Tours, JJ. (1845) Du Haschisch et de l' Alienation Mentale: Etudes 

Psychologiques. Paris: Libraire de Fortin, Masson. 
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Chapter 1 1 

CHAPTER I 

INTRODUCTION 

Cannabis (rnari.juana) is the most widely used illicit substance in the western world 

(Goldstein and Kalant, 1990). It is the most popular and widespread of the illicit drugs 

in Australia, having been ttied by 30% of the population at some stage in their lives 

(Makkai and McAllister, 1993). Of those who reponed having tried cannabis in a major 

national survey, 14% of adults and 30% of adolescents had used within the week prior 

to the survey (Makkai and McAllis1er, 1993). Oearly, its use remains highly prevalent 

despite law enforcement efforts to inhibit its sale and consumption. 

Cannabis is a psychoactive substance with a long history in many eastern cultures, 

gaining popularity among young western users in the 1970s due to its mind altering 

properties. The "high" produced by ingestion of cannabis (aJDX>st always by smoking) 

is characterised by mild euphoria, relaxation, perceptual alterations including time 

distortion, and the intensification of ordinary sensory experiences such as listening to 

music and watching films.. When used in a social setting the high is often accompanied 

by infectious laughter and talkativeness. This state of altered awareness is also marked 

by a disruption of cognitive functions, enampassing a loosening of associations with 

impaired concentration and memm-y function, slowed reaction time and poor motor 

comlination. 



Cltapter 1 2 

Much ambiguity surrounds the psychological and health hazards attributed to the 

use of cannabis (Hollister, 1986). The drug is known to produce adverse effects when 

high doses are cons1111ed <r with continual regular and frequent use, and in some 

individuals adverse effects manifest even with the first exposure at low doses. These 

effects include anxiety and panic attacks, paranoid ideation, delusions, visual or auditory 

hallucinations, dyspboria and depression. The incidence of such effects, together with 

the cognitive impaj1me11ts associated with the state of intoxication provide cause for 

concern regarding the psychological well being of the user. Further, concerns are raised 

about the possible long te1m effects that exposure to such a substance may have. This 

thesis examines the long term effects of cannabis use upon a specific aspect of cognitive 

functioning: selective attention. 

The acute effects of cannabis upon human. behaviour and cognition are reasonably 

well documented. Numerous studies have reponed the acute effects of cannabis on 

psychomotor and cognitive perfo1,,aaoce, and these are briefly and selectively reviewed 

in Chapter 3. The most fiutuently affected functions are those of memory and attention; 

the results of many behaviomal studies attest that cannabis impairs short-telm memory 

and various kinds of attention whilst intoxicated, impairing also the ability to perf 01m 

complex functions requiring attention and mental coordination (Casswell and Marks, 

1973; Chait and Piem, 1992; MacAvoy and Marks, 1975; Miller and Branconnier, 

1983). The long te1m consequences of cannabis use on memory and attentional 

processes are unclear. Memory and attention are inextricably linked: effective memory 

function is dependent upon efficient attentional processes. Impaired attentional 

processing in the long tc1m would have serious implications given that such processes 

arc requiftd fm- successful work perfo1,11ance, learning, memory and everyday tasks 

such u driving a mour vehicle. 
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A logical starting point f<r examining the consequences of long tenn exposure to 

cannabis is to assess precisely those functions most consistently disrupted by acute 

intoxication. Relatively few studies have investigated cognitive functioning in chronic 

cannabis users, fewer still in any rig<roos way. Many were done more than a decade 

ago in response to wide COIJP•nmity concern following 1) the explosion of cannabis use 

in the west in the 1970s; 2) the appearance of reports in the clinical literature describing 

mental dctcri<X'Btion associated with chronic use of cannabis (eg. Kolansky and Moore, 

1971; 1972); 3) the publication of a 11-odic.a] report of CCJebral atrophy in young cannabis 

users (Campbell et al, 1971); and 4) the ooncw1ent sensationalist scaremongering of 

"brain damage" by the 11edia. Chapter 4 discusses the evidence pertaining to possible 

neurological darna8C as a result of exposure to cannabis. 

The studies of cognitive functioning in chronic users, reviewed in depth in Chapter 

5, produced essentially contradictory results, due in part to the gross measures used and 

to methodological difficulties. Researchers relied primarily upon the use of 

psychometric tests to assess the presence of dysfunction in fairly broad areas of 

cognition. Whilst some sbJdies did find significant differences between cannabis users 

and conttols on a number of cognitive tests, these could variously be attributed to acute 

intoxication (eg. Stcfanis, Dmnbush and Fink, 1977), lack of pre-standardization of test 

batteries for thermal subject pop11Jations used (eg. Rubin and Comitas, 1975), or the 

unrepresentative pop11Jations tested (eg. Soueif, 1976). Many studies were unable to 

replicate the fmdings (eg. Carlin and Trupin, 1977; Fehr and Kalant, 1983b). Positive 

results were often reported u n011specifically as "impairment of cognitive functions 

associated with long-teim heavy cannabis use" (eg. Mendhiratta et al, 1988). It is 

argued in Chapter 5 that the lack of specificity and sensitivity of assessment techniques 

led to equivocal results. It is also argued that the long term effects of cannabis, if they 

exist, are likely to be subtle rather than grossly debilitating. Following past research 
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efforts, the question as to whether chronic use of cannabis leads to any long term 

impairment remained unresolved and there remained considerable controversy over this 

issue. 

The disoovery and anatot,,ical loca]i7ation of a specific cannabinoid receptor in the 

brain (Bidaut-Russell et al, 1990; Devane et al, 1988; Gerard et al, 1991; Herkenham et 

al, 1990; Matsuda et al, 1990) and the RX:ent identification of an endogenous brain 

molecule, 0111-cd anandamidc, which binds to the ~ptor and mimics the action of 

cannabinoids (Devane et al, 1992), underscored the involvement of cannabinoids in the 

centtal nervous system. Cannabinoid RX:eptm are distributed throughout brain regions 

known to be involved in attention, with high densities in the cerebral cortex and 

hippocampus (Bidaut-Russell et al, 1990; Devane et al, 1988; Herkenham et al, 1990). 

The hippocampus plays a role in excluding extraneous stimuli during concentration of 

attention and it was suggested that canoabinoids may disiohibit septal-hippocampal 

inputs to the reticular activating system resulting in failure to habituate to irrelevant 

stimuli (Miller and Brancoonier, 1983). 

In this thesis, the integrity of attentional processes in long term cannabis users was 

assessed using a combination of perfmnance and event-related potential (ERP) 

measures, which together can provide insight into the nature of cognitive dysfunction 

(Want et al, 1991). Event-~lated potentials are scalp recorded electrical responses of the 

brain to a particular event or stimulus, usually n,corded during the perfo111u1nce of a 

cognitive task. ERP components are sensitive markers of specific stages of information 

processing, reflecting the nature, timing and duration of cognitive processes (Hillyard 

and Kotas, 1983; Nlldnen, 1990). In ERP studies of auditory selective attention, 

1eviewed in Chapter 6, ~g attention to a particular channel of information results in 

the onset of a negative shift of the ERP wavefo1m, which is referred to as processing 

negativity (PN) (Hansen andHillyanl, 1983; Niiiitiioen, 1982). Processing negativity is 
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evident in the auditory system as early as 60 to 80 ms post-stimulus, reflecting the 

selection of relevant from iJrclcvant sources of information. Ongoing negativity beyond 

600 ms in the ERP wavcfmm to anenden stimuli is referred to as late PN and reflects the 

maintenance and rehearsal of the attentional trace (NWitanen, 1982). The other 

component of interest is the P300, a large positive peak which is elicited by infrequent 

stimuli in the attended channel when a response is required (Donchin, 1981; Pritchard, 

1981 ). The lalency of the P300 component reflects the time taken to evaluate a ~timulus, 

while its amplitude reflects the nature of stimulus evaluation processes. It is these two 

components that ~ of particular interest in the series of studies reported in this thesis. 

In the first study, presented in Chapter 7, a small group of cannabis users was 

compared with a group of nonuser controls on a simple auditory oddball paradigm and 

then a complex selective attention task. The results of this study were then followed up 

by attempting a replication with a larger sample and assessing the effects of frequency 

and duration of cannabis use. This is presented in Chapter 8. Finally, the extent of 

reversibility of the impairments observed was assessed in a group of long term cannabis 

users who had given up (Chapter 9). Some descriptive and qualitative data over all 

samples is presented in Chapter 10. The thesis concludes with a discussion of the 

implications of its findings and recommendations for future research. 
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CHAPTER2 

CANNABIS THE DRUG 

Cannabis is the mallerial derived from the herbaceous plant Cannabis sativa which 

grows vigorously throughout many ~gions of the world. It occurs in ma)P, and female 

fmms with both sexes having large leaves which consist of 5 to 11 leaflets with se11ated 

margins. A sticky resin which covers the flowering tops and upper leaves is secreted 

most abundantly by the female plant and this resin ro11taios the active agents of the plant 

While the cannabis plant COl'tains •JDC than (JO cannabinoid compounds, such as 

cannabidiol and cannabinol, the primary psychoactive ronstituent is delta-9-

tetrahydrocannabinol <r 1HC (Gaoni and Mechoulam, 1964), the concentration of which 

largely determines the po1ency of the cannabis preparation. Most of the other 

cannabinoids are either inactive m- only weakly active, although they may increase or 

decrease po1ency by interacting with 1HC (Abood and Martin, 1992). 

Previously cannabis had been e11oi1e0usly classified as a narcotic, as a sedative 

and most ~ndy as a hallucinogen. While the cannabinoids do possess hallucinogenic 

properties, together with stimulant and sedative effects, they in fact represent a unique 

pharmacological class ex compounds~ Unlike many other drugs of abuse, cannabis acts 

upon specific ~tms in the brain and periphery. The recent discovery of the receptors 

and the naturally occuning substance, in the brain that bind to these receptors, is of great 

importance in that it signifie1 an en~ly new pathway system in the brain. 
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2.1 TIie cannabinoid receptor 

The desire to identify a specific biochemical pathway responsible for the 

expression of the psychoactive effects of cannabis has prompted a prodigious amount of 

cannabinoid researeh (Manin, 1986). Early studies found that radioactively labelled 

1HC would nonspccifically attacli to all neural surfaces, suggesting that it produced its 

effects by perturbing cell membranes (Manin, 1986). However, the work of Howlett 

and colleagues (Howlett et al, 1986; 1987; 1988) showed that cannabinoids inhibit the 

enzyme that synthesizes cyclic AMP in cultured nerve cells, and that the degree of 

inhibition was co11eJated with the potency of the canoabinoid Since many receptors 

relay their signals to the cell interim- by changing cellular cyclic AMP, this finding 

sttongly suggested that canoabinoids were not just dissolving nonspecifically in 

membranes. After eliminating all the known mceptors that act by inhibiting adenylate 

cyclase, it was concJudcd that · · acted tluough their own receptor. The 

determination and characlmsation of a specific cannabinoid receptor in brain followed 

soon after (Devane et al, 1988), paving the way for its distribution in brain to be mapped 

(Bidaut-Russell et al, 1990; Herkenharn et al, 1990). 

It is now accepted that cannabis acts on specific cannabinoid receptors in the brain, 

conclusive evidence being provided by the cloning of the gene for the cannabinoid 

receptor in rat brain (Matsuda et al, 1990). A cDNA which encodes the human 

cannabinoid receptor was also cloned (Gerard et al, 1991) and the human receptor was 

found to exhibit Dl<X'C than 97% identity with the rat receptor. Cannabinoid receptors 

have also been found in the nervous system of lower vertebrates, including chickens, 

turtles and trout (Howlett et al, 1990) and there is preliminary evidence that they exist in 

low concentration in fruit flies (Bonner quoted in Abbott, 1990; Howlett, Evans and 

Houston, 1992). This phylogenetic distribution suggests that the gene must have been 
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present early in evolution, and its conservation implies that the receptor serves an 

imponant biological function. 

8 

The localisation of cannabinoid receptors in brain has elucidated the pharmacology 

of the cannabinoids. Habobarn and colleagues (Herkenham, et al 1990; 199 la; 1991 b; 

1992) used autoradiography to l0atJise receptors in fresh cut brain sections of a number 

of species, including b11man" Dense binding was detected in the cerebral cortex, 

hippocampus, cerebellum and in outflow nuclei of the basal ganglia, particularly the 

substantia nigra pars reticuJata and globus pallidus. Few receptors were present in the 

brainstem and spinal cord. Bidaut-Russell and colleagues (Bidaut-Russell et al, 1990) 

located cannabinoid receptors in ~st abuodaoce in the rat conex, cerebellum, 

hippocampus and striatum, with smaJJcr but significant binding in the hypotbaJarous, 

brainstem and spinal cord. 

High densities of receptors in the hippocampus and cortex suggest roles for the 

cannabinoid rccepur in cognitive functions. This is consistent with evidence in humans 

that the dominant effects ex cannabis are cognitive: loosening of associations, 

fr.-.g, •.cntation of thought, and confusion on attempting to remember recent occurrences 

(Hollister, 1986; Miller and Branconnier, 1983). High densities of receptors in the basal 

ganglia and ce1cbellum suggested a role for the cannabinoid receptor in movement 

control, a finding which is also consistent with the ability of cannabinoids to interfere 

with coordinated movements. Recent research has also determined a role for the 

cerebellum in cognition (eg. Fiez et al, 1992; Petersen et al, 1989), and particularly in the 

switching of attention (Akshoomoff and Courchesne, 1992). The globus pallidus, rich 

in caonabinoid receptors, has also been shown to be activated in positron emission 

tomography (PET) studi~s of selective attention (Corbetta et al, 1991 ). 

Cannabis has a mild effect on cardiovascular and respiratory function in humans 
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(Hollister, 1986) which is consistent with the observation that the lower brainstem area 

has few cannabinoid receptors. The absence of sites in the lower brainstem may in fact 

explain why high doses of me are not lethal. Cannabinoid receptors do not appear to 

reside in the dopamincrgic neurons once thought to constitute the "reward" system of the 

brain. This was at first taken to imply that the euphoric effects of cannabinoids are 

pioduced by a different 11-ccbanisrn than the euphoria produced by cocaine and morphine 

that dbectly act on the dopamine ''rewanl" system. However, recent conceptualisations 

of the role of the mesolimbic dopamine neurons in drug-taking behaviour have changed 

from the view that these neurons are a substrate whose activation produces the euphoric 

<r hcdonic effects of a drug, to one in which the cells are thought to mediate incentive 

motivational processes or sensitimtion to drugs (Conigall, personal communication; 

Robinson and Berridge, 1993). The absence of cannabinoid receptors in the mesolimbic 

dopamine projection is thus of obvious speculative interest in terms of the dependence 

liability of cannabis. 

These mappings of receptors have been broadly confirmed in recent work by 

Matsuda and colleagues (1992, 1993) using a histochemistry technique to 

neuroanatomically localise cannabinoid recepur mRNA Labelling intensities were 

highest in f~brain regions (olfactory areas, caudate nucleus, hippocampus) and in the 

cerebellar cortex; the role of the cerebellum in cognition has been refe11ed to above. 

Clear labelling observed in the nt f01Cbrain suggests several potential sites in the human 

brain that could 11-:Xliate an impairtuent of memory function (Miller and Branconnier, 

1983), such as the hippocampus, ••redial septal complex, lateral nucleus of the mamillary 

body, and the mµygdaloid complex. Similarly, labelling was detected clearly in rat 

forebrain regions that cmrespond to those that could mediate cannabis-induced effects on 

human appetite and mood, namely, the hypotbalarous, amygdaloid complex, and anterior 

cingulatc cortex. Inte1cstingly, the anterior cingulate conex has been consistently 

implicated in human. PET studies of attention (Pardo et al, 1990; Posner et al, 1988; 
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Posner and Petersen, 1990; Petersen et al, 1989), partic11Jarly divided attention (Corbetta 

et al, 1991) and lesion data suggest that the anterior cingulate plays an imponant role in 

aspects of attention such as neglect (Mesulam, 1981). It should also be borne in mind 

that the mgions where cannabinoid receptors occur may have long projections to other 

areas, contributing to the multiplicity of effects of the cannabinoids. 

Since 1HC is not a naturally occumng substance within the brain, the existence of 

a cannabinoid receptm suggesled the existence of an endogenous cannabinoid-like 

substance. Devane and colleagues (1992) recently identified a brain molecule which 

binds to the receptor and mimics the action of cannabinoids. The molecule, 

arachidonylethanolanridc, which is fat soluble like 1HC, has been named "aruwdamide" 

from a Sanskrit word meaning ''bliss". Anandarnide has been found to act on cells that 

express the cannabinoid receptor, but has no effect on identical cells which lack the 

receptor. Research has established that anandaroide exhibits the essential criteria to be 

classified as a genuine neurotransmitter for the cannabinoid receptor (Felder et al, 1993; 

Vogel et al, 1993). Further research is necessary to determine which neurons are 

responsible for producing anandamide molecules and to determine their role. 

The unique psychoactivity of cannabinoids may be described as a composite of 

numemus effects which would not arise from a single biochemical alteration, but rather 

from multiple actions (Martin, 1986). Thus, the diverse pharmacological actions of the 

various cannabinoids implies the existence of receptor subtypes. Cannabinoid receptor 

cDNA can be used to search for other members of the hypothesised receptor family 

(Snyder, 1990). If the receptors with the potential for m:xliating the therapeutic uses of 

cannabis are different from those msponsible for their psychoactive effects, cannabinoid 

receptor cDNA cloning and new synthetic cannabinoids modelled on anandamide may 

help to uncover the receptor subtypes and develop drugs to target them, thus fulfilling 

the ancient promise of "marij11an11 as 11 niicine". However, if it were the case that there 
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was only one type of cannabinoid teeeptor, then the psychoactive and therapeutic effects 

would be inseparable. The evidence against this proposition mounts with the recent 

cloning of a ~ptor in spleen that does not exist in brain (Munro, Thomas and Abu

Shaar, 1993). 

2.2 Forms of cannabis 

The concentration m 1HC varies with the f01m; in which cannabis is prepared for 

ingestion, the most of which are marijuana, hashish and hash oil. Marijuana is 

prepared from the dried flowering tops and leaves of the harvested plant Its potency 

depends upon the growing conditions, the genetic characteristics of the plant and the 

propOitioos of plant matter. The flowering tops and bracts (known as "heads") are 

highest in 1HC concentration, with potency descending through the upper leaves, lower 

leaves, stems and seeds. Some varieties of the cannabis plant contain little or no THC, 

such as the hemp varieties used for making rope, while others have been specifically 

cultivated for their high 1HC conlent, such as "sinseroiJJa". 

Marijuana may range in colour from gICCil to grey or brown, depending on the 

variety and where it was grown, and in texture from a dry powder or finely divided tea

like su1'stance to a dry leafy mataial. The concentration of 1HC in a batch of marijuana 

containing mostly leaves and stem.1 may range from 0.5% to 5%, while the "sinsemilla" 

variety with ''heads" may msult in concentrations from 7% to 14%. The potency of 

maJijuana preparations being sold has probably increased in the past decade (Jones, 

1987), although the evidence f<r this has been contested (Mikuriya and Aldrich, 1988). 

Hashish or "hash" consists of dried cannabis resin and compressed flowers. It 

ranges in colom from light blonde/brown to almost black, and is usually sold in the form 
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of bud chunks or cubes. The concentration of 1HC in hashish generally ranges from 

2% to 8%, although it can be as high as 10% to 20%. Hash oil is a highly potent and 

viscous substance obtained by using an organic solvent to extract 1HC from hashish (or 

marijuana), concentrating the filteftd extract, and, in some cases, subjecting it to further 

purification. The colour may range from clear to pale yellow/gieen, through brown to 

black. The concentration of the 1HC in hash oil is generally between 15% and 50%, 

although samples as high as 70% have been detected. 

2.3 Routes of administration 

Almost all possible routes of administration have been used, but by far the most 

common method is smoking (inhaling). Marijuana is most often smoked as a hand

rolled '~oint", the sim of a ci&m'tte or larger and often thicker. Tobacco is often adde,d 

to marijuana to assist burning and "make it go further", and a filter may be inserted. 

Hashish may be mixed with tobacco and smoked as a joint, but is more often smoked 

through a pipe, either with or without tobacco. A water pipe known as "bong" is a 

popular implement f<r all cannabis JEparations because the water cools the hot smoke 

before it is inhaled and there is little loss of the drug through sidestream smoke. Hash 

oil is used sparingly because of its extremely high psychoactive potency; a few drops 

may be applied to a cigarette or a joint, to the mixture in the pipe, or the oil may be 

heated and the vapours inhaleda Whatever method is used, smokers inhale deeply and 

hold their breath for several seoonds in onler to ensure maximum absorption of 1HC by 

the lungs. 

Hashish or marijuana may also be bakrn in foods and eaten. When ingested orally 

the onset of the psychoactive effects is delayed by about an hour. In clinical and 

experimental research, 1HC has often been prepmed in gelatine capsules and 
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administeied m-ally. In India, a popular method of ingestion is in the fo1m of a tea-like 

blew of the leaves and stems, known as "bhang". The "high" is of lesser intensity but 

the duration of intoxication is longer by several hours. It is easier to titrate the dose and 

achieve the desired level of intoxication by smoking than ingestion since the effects are 

. a· more 1m11cwate. 

Crude aqueous extracts of cannabis have on very rare occasions been injected 

intravenously. 1HC is insoluble in water, and so little or no drug is actually present in 

these extracts, and the injection of tiny undissolved particles may cause severe pain and 

inflammation at the site of injection and a variety of toxic systemic effects. Injection of 

cannabis is ineffective as a route of cannabis administration, but has been used for 

administering 1HC extract in ~sea~h to investigate pharmacokinetics. 

Different routes of administration give rise to differing pharmacokinetics. For the 

remaindcl- of this thesis the leader may assume that the method of ingestion is by 

smoking unless explicitly stated otherwise. 

2.4 Dosage 

A typical joint contains between 0.5 and 1.0 g of cannabis plant matter, which 

varies in 1HC content between 5 and 150 mg (i.e. typically between 1 % and 15% 

1HC). Not all of the available 1HC is ingested; the actual amount of 1HC delivered in 

the smoke has been estimated at 20 to 70% of that in the cigarette (Hawks, 1982), with 

the ~st being lost through combustion or escaping in sidestream smoke. The 

bioavaiJability of 1HC from marijuana cigarettes (the fraction of 1HC in the cigarette 

which reaches the bloodstream) has been reported to range between 5% and 24% (mean 

18.6%) (Ohlsson et al, 1980). For all these ieasons, the actual dose of 1HC that is 
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ablorbed when cannabis is smoked is not easily estimated. 

In general, only a small amount of smoked cannabis (e.g. 2 to 3 mg of available 

1HC) is requited to produce a brief pleasurable high for the occasional user, and a single 

joint may be sufficient for two or thtec individ11als. A heavy smoker may consume five 

or more joints per day, while heavy users in Jamaica, for example, may consume up to 

420 mg 1HC per day (Gbodse, 1986). In clinical trials designed to assess the 

therapeutic potential of 1HC, single doses have ranged up to 20 mg in capsule fo1m. In 

h11rnan experimental research, 1HC doses of 10, 20 and 25 mg have been administered 

as low, 11;edium and high doses (Barnett et al 1985; Perez-Reyes et al 1982). 

Perez-Reyes et al (1974) determined the amount of1HC required to produce the 

desired effects by slow intravenous administration. They estimated that the threshold for 

perception of an effect was 1.5 mg (i.e. the dose delivered averaged 21 ng/kg), while a 

peak social "high" requited 2-3 mg 1HC (an average of 37 ng/kg). These levels did not 

differ between frequent and infrequent users so Pe1ez-Reyes et al concluded that 

tolerance or sensitivity to the perceived high does not develop. 

2.5 Patterns of Use 

Cannabis is the most widely used illicit drug in Australia, having been tried by a 

third of the adult populatioo, and by the majority of young adults between the ages of 18 

and 25 (Donnelly and Hall, 1993). 1be most common route of administration is by 

smoking, and the most widely used fo1m of the drug is marijuana. 

1be majority of cannabis use is "experimental". That is, most users use the drug 

on a small number of occasions. Most of those who have tried cannabis either 
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discontinue their use after a small number of occasions, or if they continue to use, do so 

intermittendy and episodically whenever the drug is available. Only a very small 

propo, tion of those who ever use cannabis become regular cannabis users. The best 

estimate from the available smvey data is that about 10% of those who ever use cannabis 

become daily users, and a further 20% to 30% use on a weekly basis (Queensland 

Criminal Justice Commission, 1993; Donnelly and Hall, 1993). Among those who 

continue to use cannabis, the majority discontinue their use in their mid to late 20s. 

Because of uncenaiotics about the dose of me contained in illicit marijuana, there 

is no infmmation on the amount of me ingested by regular Australian cannabis users. 

"Heavy" cannabis use is typically defined in te1ms of the frequency of use rather than 

average dose of TIie received. Daily or near daily use probably places users at greatest 

risk of experiencing negative long telm health and psychological conse-quences. Such 

users are more likely to be male and less well educated, and are more likely to regularly 

consume alcohol, and to have experimented with a variety of other illicit drugs, such as, 

amphetamines, hallucinogens, psychostionilants, sedatives and opioids. 

2.6 Metabolism of canaabinoids 

"Cannabinoi<k" is the collective te,m for a variety of compounds which can be 

extracted from the cannabis plant or are produced within the body after ingestion and 

metabolism of cannabis. Some of these compounds are psychoactive, that is, they have 

an effect upon the mind of the users; others are phar1••ac'llogically or biologically active, 

that is, have an effect upon cells or the function of other bodily tissues and organs but 

are not psychoactive. Animal and burnao experimentation indicates that delta-9-

tctrahydrocannabinol (TIIC) is the major psychoactive constituent of cannabis. 
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THC is rapidly and extensively metabolised in humans. Different methods of 

ingesting cannabis give rise to different patterns of absorption, metabolism and excretion 

of THC. Upon inhalation, 1HC is abs<rbed within minutes from the lungs into the 

bloodsuearnc Absorption of 1HC is much slower after oral administration, entering the 

bkxxutream within 1 to 3 hours, and delaying the onset of psychoactive effects. 

After smoking, the initial metabolism of 1HC takes place in the lungs, followed by 

more extensive metabolism by liver enzymes which transfo1m THC to a number of 

metabolites. The most rapidly produced metabolite is 9-carboxy-THC (or THC-COOH) 

which is detectable in blood within minutes of smoking cannabis. It is not psychoactive. 

Another major metabolite of 1HC is 11-hydroxy-1HC, which is approximately 20% 

more potent than rnc, and which penetrates the blood-brain barrier more rapidly than 

1HC. 11-hydroxy-1HC is only present at very low concentrations in the blood after 

smoking, but at high concenttations after the oral route (Hawks, 1982). THC and its 

hydroxylated metabolites account for most of the psychoactive effects of the 

cannabinoids. 

Peak blood levels of 1HC are reached very rapidly, usually within 10 minutes of 

smoking and before the joint is fully smoked, and decline rapidly to about 5% to 10% of 

their initial level within the fint hour. This initial rapid decline reflects the rapid 

conversion of 1HC to its metabolites, u well u the distribution of THC to lipid-rich 

tissues, including the brain (Fehr and Kalant, 1983; Jones, 1980; 1987). THC and its 

metabolites are highly fat soluble and may remain for long periods of time in the fatty 

tissues of the body from which they are slowly released back into the bloodstream. This 

phenomenon slows the elimination of cannabinoids from the body. 

The time miuired to clear half of the administered dose of THC from the body has 

been found to be st1oner for experienced or daily users (19 to 27 hours) than for 
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inexperienced users (50 to 57 hours) (Agmell, et al 1986; Hunt and Jones, 1980; 

Lcmberger et al, 1970; 1978; Ohlsson, et al, 1980). Recent research using more 

sensitive detection techniques suggests that the half-life in chronic users may be closer to 

3 to 5 days (Johansson et al, 1988). It is the i11111aediate and subsequent metabolism of 

me that occurs lll(R rapidly in experienced users (Blum, 1984). Given the slow 

clearance, repeated administration of cannabis results in the accumulation of me and its 

metabolites in the body. Because of its slow release from fatty tissues into the 

bloodstream. me and its metabolites may be detectable in blood for several days, and 

traces may persist for several weeks. 

While blood levels of me peak within a few minutes, 9-carboxy-mC levels 

peak approximateiy 20 minutes after co1101aencing smoking and then decline slowly. The 

elimination curve for me crosses the 9-carboxy-me curve around the time of the peak 

of the latter and subjective intoxication also peaks around this time (i.e. 20 to 30 minutes 

later than peak me blood levels), with acute effects persisting for approximately 2 to 3 

hours. 

2. 7 Detection of cannabinoidl in body ftuids 

Cannabinoid levels in the body, which depend on both the dose given and the 

smoking history of the individual, are subject to substantial individual variability. 

Plasma levels of mC in burnans may range between 0-500 ng/ml, depending on the 

potency of the cannabis ingested and the time since smoking. For example, blood levels 

of me may decline to 2 ng/ml one hour after smoking a low potency cannabis cigarette, 

a level that may be achieved only 9 hours after smoking a high potency cannabis 

cigarette. In habitual and chronic users such levels may persist for several days after use 

because of the slow mlease of accumulated me. 
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The detection of me in blood above 10-15 ng/ml provides presumptive evidence 

of "recent" consumption of cannabis but it is not possible to determine how recently it 

was comun <d. A somewhat more precise e~timate of the time of consumption may be 

obtained from the ratio of me to 9-carboxy-me: similar concentrations of each in 

blood could be an indication of use within the last 20 to 40 minutes, and would predict a 

high probability of the user being intoxicated. When the levels of 9-carboxy-THC are 

substantially higher than those of me, ingestion can be e$timated to have occurred 

more than half an hour ago (Hawks, 1982; Perez-Reyes et al, 1982). However, such an 

in~qnetariort is probably only applicable to the naive user who has resting levels of zero. 

Background levels of cannabinoids (particularly 9-carboxy- me) in habitual users make 

the estimation of time of ingestion almost impossible. Since it is very difficult to 

determine the time of ad,1.inisttation from blood concenttations of THC and its 

metabolites (even if the smoking habits of the individual and the exact dose consumed 

are known), the results of blood analyses indicate, at best, the "recent" use of cannabis. 

Urinary cannabinoid levels provide an even weaker indicator of cmrent cannabis 

intake. In general, the greater the level of cannabinoid metabolites in urine, the greater 

the possibility of recent use but again it is impossible to be precise about how "recent" 

use has been (Hawks, 1982). Only minute traces of me itself appear in the urine due 

to its extensive metabolism and most of the administered dose is excreted in the fo1m of 

metabolites in faece~ and mine (Hunt and Jones, 1980). 9-carboxy-THC is detectable in 

mine within 30 minutes of smoking. This and other metabolites may be present for 

several days in first time <r ilTegular cannabis users, while frequent users may continue 

to excrete metabolites for weeks m- months after last use because of the accumulation and 

slow elimination of these compounds (Dackis et al, 1982; Ellis et al, 1985). As with 

blood levels, there is substantial human variability in the metabolism of THC and no 
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simple relationship between urinary levels of 1HC metabolites and time of consumption. 

Hence, minalysis results cannot be used to distinguish between use within the last 24 

hours and use more than a month ago. 

Several studies have examined measures of cannabinoids in fat and saliva. 

Analyses of h11rnan. fat biopsies confirm an accumulation of the drug for at least 28 days 

(Johansson, et al, 1987). Detection of cannabinoids in saliva holds more promise for 

fomnsic pmposes, since it has the capacity to reduce the time frame of ''recent" use from 

days and weeks to hours (Hawks, 1982; Gross et al 1985; Thompson and Cone, 1987). 

Salivary 1HC levels have also been shown to co11elate with subjective intoxication and 

heart rate changes (Mcnkes, Howard, Spears and Cairns, 1991). · 

2.8 lntosication and levels of cannabinoids 

Ingestion of cannabis produces a dose related impairment on a wide range of 

cognitive and behaviomal functions. Since there is evidence that cannabis intoxication 

adversely affects skills required to drive a motor vehicle (see Chapter 3), it would be 

desirable to have a reliable measure of impairment due to cannabis intoxication that was 

comparable to the breath test of alcohol intoxication. 

While the degiec of impairment due to alcohol proved possible to determine from a 

single blood alcohol e~rirnate, a clear relationship between blood levels of 1HC or its 

metabolites and degiee of either impai1ment or subjective intoxication has not been 

demonstrated (Agurell et al, 1986). The estimation of the degroo of intoxication from a 

single value of blood 1HC level is difficult, not only because of the time delay between 

subjective high and blood 1HC, but also because of large individual variations in the 

effects experienced at the same blood levels. The difficulty is compounded by the 
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distribution of THC to body tissues, and its metabolism to other psychoactive 

compounds. 

20 

Blood levels of THC metabolites, such as 11-hydroxy-THC, co11elate temporally 

with subjective effects but ~ not madily detectable in blood after smoking cannabis, 

while blood levels of THC co11elate only modesdy with cannabis intoxication, in pan 

because of its lipid solubility (Barnett, Licko and Thomson, 1985; McBay 1988; 

Ohlsson et al 1980). The level of intoxication could only realistically be related to the 

total sum of all the psychoactive cannabinoids present in body fluids and in the brain and 

various tissues. 

Due to large human. variability, no realistic limit of cannabinoid levels in blood has 

been set which can be related to an undesirable level of intoxication. Tolerance also 

develops to many of the effects of cannabis. Hence, a given dose consumed by a naive 

individual may produce greater impairment on a task than the qme dose cons11med by a 

chronic heavy user. 1HC may also be active in the nervous system long after it is no 

longer detectable in the blood so there may be long term subde effects of cannabis on the 

cognitive functioning of chronic users even in the unintoxicated state. To date, there is 

no consistently demonstrated co11elation between blood levels of THC and its effect on 

human mind and perfon1wnce. Thus, no practical method has been developed as a 

forensic tool for determining levels of intoxication based on detectable cannabinoids. A 

consensus conference of forensic toxicologists has concluded that blood concentrations 

of THC which cause impairment have not been sufficiently established to provide a basis 

for legal testimony in cases concerning driving a motor vehicle while under the influence 

(Consensus Repon, 1985). 
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2.9 Passive inhalation 

In the United States, urine testing for drug traces and metabolites is increasingly 

used to identify illicit drug users in the wm-kpJac.e (Hayden, 1991). A technical concern 

raised by the opponents of this practice has been the possibility of a person having a 

mine positive for cannabinoids as the result of the passive inhalation of marijuana smoke 

at a social event im11,ooiately prier to the provision of the urine sample. A number of 

research studies have attempted to determine the relationship between passive inhalation 

of marijuana smoke and consequent production of minary cannabinoids (Hayden, 

1991). 

In one of the tint studies on passive inhalation, Perez-Reyes and colleagues 

(1983) found that nonsmokers who had been confined for over an hour in a very small 

unve11tilated space containing the smoke of at least 8 cannabis cigarettes over 3 

consecutive days had insignificant amounts of urinary cannabinoids. Law and 

colleagues (1984) and Mule et al (1988) also showed that passive inhalation produced 

urinary cannabinoid concenttations well below the detection limit of 20 ng/ml 9-carboxy-

1HC used in workplace drug screens. 

Morland et al (1985) produced urinary cannabinoid levels above 20 ng/ml in 

nonsmokcrs but the conditions were extreme, namely, confinement in a space the size of 

a packing box with exposure to the smoke of 6 cannabis cigarettes. The studies of Cone 

and colleagues (1986; 1987a, 1987b) confirmed the necessity to apply extreme 

experimental conditions which they claimed oonsmokers were unlikely to submit 

themselves to for the long periods of time required to produce urinary metabolites above 

20 ng/ml. They also showed that nonsmokers with significant amounts of cannabinoids 

in their urine experienced the subjective effects of intoxication. 



Cltapter 3 

CHAPTER3 

ACUTE EF'FECTS OF CANNABIS ON 

COGNI'I1VE FUNCTIONING 
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The acute effects of cannabis on cognitive functioning have been reasonably well 

~sean:hed. The litc1ature, though, is so vast that any attempt to summarise the findings 

will necessarily be an oversimplification. This review will selectively focus on those 

aspects of cognitive functioning that are of relevance to the research of this thesis. Toe 

substance of this thesis conccms the long tc1m cognitive effects of cannabis and 

accordingly the review of the chronic literature in Chapter 5 is very thorough. While the 

premise that knowledge of the acute effects of a drug may provide the basis for research 

into possible long te1m consequences of use is reasonable, the acute and chronic effects 

of a drug need not necessarily be the same (Block, Farinpour and Braverman, 1992; 

Block and Ghoneim, in press) and can in fact be markedly different (Pomara et al, 

1983). Also to be bmne in mind is the fact that many factors impinge upon the effects 

experienced by the user when acutely intoxicated. These include the dose, the mode of 

adrnioisttation, the user's prior experiences with the drug, any concurrent drug use, the 

"set and setting", that is, the complex of user's expectations, attitudes towards drug 

effects and mood state, and the social environment in which the drug is used (Jaffe, 

1985). A number of the effects of cannabis are also subject to the development of 

tolerance (Jones, 1983) and thus naive users may show a greater decrement in 

perfora111nce than experienced users .. 
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The acute intoxication 

The maj<r motive for the widespread 1cc.reational use of cannabis is the experience 

of a subjective "high", an altered state of consciousness which is characterised by 

emotional changes, such as mild euphoria and relaxation, and by perceptual alterations, 

such as rime distortion, and the intensification of ordinary sensory experiences, such as 

eating, watching, films, listening to music, and engaging in sex (Jaffe, 1985; Tart, 

1970). When used in a social setting, the high is often accompanied by infectious 

laughter, talkativeness and inaeased sociability. 

Not all the effects of cannabis intoxication are welcoDm by users, Some users 

report unpleasant psychological reactions, ranging fiom a feeling of anxiety to frank 

panic mactions, and depressed mood to a fear of going mad (Smith, 1968; Weil, 1970; 

Thomas, 1993). These effects are most often reported by naive users who are unfamiliar 

with the effects of cannabis, and by some patients given THC for therapeutic purposes. 

Mme experienced users may also n,port these effects on occasion, especially after the 

oral ingestion of cannabis when the effects may be more pronounced and of longer 

duration than those usually experienced after smoking cannabis. H such effects develop 

they can usually be managed by m15surance and support. 

Cognitive changes aJC usually rnarlced during acute intoxication. These include an 

impairal shon te1m rnemmy, and a loosening of associations, which make it possible for 

the user to become lost in pleasant reverie and fantasy, while making it difficult to 

sustain goal-directed mental activity. Motor skills, reaction time and motor coordination 

are also affected, so many f01ms of skilled psychomotor activity are impaired while the 

user is intoxicated (Jaffe, 1985). As with most recreational drugs, cannabis is valued for 

effects which remove the user from mundane concerns, produce relaxation, and enhance 

experiences which would nor,1)8lly interfere with concentration on a skilled task. 
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Perceptual abilides 

A multimde of studies have shown that cannabis disrupts performance on a variety 

of cognitive and psychomotor tasks- Various mecltanisms have been proposed to 

explain the effects of cannabis on such tasks, Alterations in all sensory modalities and 

the subjective distortion of space and time perception suggest that sensory and perceptual 

disturbances may underly many of the functions required to successfully perform 

complex neuropsychological tests and laboratory tasks used in research. For instance, 

the perceptual identification of simple geometric figures embedded within complex 

designs has been shown to be impailed by cannabis (eg. Carlin et al, 1972). Emrich et 

al (1991) demonstrated a strong caonahis-induced impairment of binocular depth 

inversion, suggesting that the central nervous system is unable to co11ect implausible 

perceptual information during acute intoxication. 

The perception of time has been studied using two methods: time production or 

time estimation. In time production tasks, the subject is asked to indicate when an 

interval of a duration specified by the experimenter has passed. In time estimation, the 

subject is uked to estimate the dmation of a cenain interval of time generated by the 

experimenter. Both methods have reliably produced significant effects of cannabis on 

the perception of time, with subjects overestimating the amo,mt of elapsed time in the 

estimation method (eg. Cappell and Pliner, 1973; Jones and Stone, 1970), and 

producing shorter than requested intervals with the production method (eg. Chait, 

Fischman and Schuster, 1985; Tinklenberg et al, 1972; Vachon, Sulkowski and Rich, 

1974; Webb et al, 1992; 1993). This indicates that subjects experience time as passing 

more quickly relative to real time, that is, cannabis increases the subjective time rate. 
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Attention and task accuracy 

1be subjective effects of cannabis might be expected to decrease performance in 

simations where both perceptual accuracy and attention are important. The Digit 

Symbol Substitution Test, a component of the Wechsler Adult Intelligence Scale, is a 

speed ba9M task of associative ability which requires subjects to copy symbols which 

c011espond to particular digits. This test has been shown to be consistently disrupted by 

acute cannabis intoxication (eg. Carlin et al, 1972; Heishman, Stitzer, and Bigelow, 

1989; Heishman, Stitzer and Yingling, 1989; Vachon, Sulkowski and Rich, 1974). The 

results of some studies suggested that heavy users may develop tolerance to the effects 

of the drug on this task (eg. Chait, Fischman and Schuster, 1985; Jones and Stone, 

1970). 

Few studies have systematically compared the effects of cannabis with other 

substances, such as alcohol. An exception is the study by Heishman, Stitzer and 

Bigelow (1989) who compared perfo1,,,aoce on the digit symbol substitution test 

following placebo, two different doses of smoked THC, and two different doses of 

alcohol. They found stronger dose-related impairment following alcohol than THC, but 

the two doses of THC were both relatively low (1.3% and 2.7%) and would be unlikely 

to be differentiated. 1be impairment due to both THC doses was equivalent to the low 

dose of alcohol (0.6 g/kg). 

The administration of the Stroop Colar Word Test, which measures aspects of 

attention and in particular the ability to inhibit an automatic response, has produced 

mixed results (eg. Carlin et al, 197'1:, Hooker and Jones, 1987; Miller, Drew and 

Kiplinger, 1972), although various versions of the task were employed and a variety of 
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Braff et al ( 1981) repmted that cannabis impaired the speed of visual information 

processing in a backwanl masking task of letter matching. The interval between the 

target and rnas" necessary for the conscious registration of the stimulus was longer 

following cannabis than placebo, and the auth<X"S inteJpreted this finding as a slowed 

speed of infOJ1narion proceuing firm labile iconic memory to more permanent 

tegistration and processing. 

Reaction time and motor control 

Whilst early in the phase of intoxication (and at low doses), cannabis produces a 

mild stimulant effect upon the central nervous system, this soon becomes a CNS 

depression (at moderate to high doses). This general depressant effect might contribute 

to slowed reaction ri.,,es, inability to maintain concentration and lapses in attention. This 

occun with other CNS depressants such as alcohol, but the large and reliable depressant 

effects of moderate doses of alcohol, and the relatively inconsistent effects obtained with 

moderate doses of cannabis suggest that this effect of cannabis is the not the primary 

,1iatiaur of performance changes. 

Fine motor control and maTiual dexterity are generally adversely affected, although 

simple reaction time may <r may not be (Chait and Pierri, 1993). Choice or complex 

reaction time is ~ likely to be affected, with reaction rime consistently (and sometimes 

e11or rate) increasing with the difficulty of the task (eg. Block and Wittenborn, 1984; 

1986; Low et al, 1973; Moskowitz, Shea and Bums, 1974). 

Sustained and divided attention 

Sustained attention, <r vigilance, refers to the ability to maintain concentration over 

an extended period of time, particularly on a task that is relatively simple and boring. 
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Cannabis has been shown to affect sustained attention on simple visual and auditory 

tasks of particularly long duration (in excess of 50 minutes), impairing accuracy by 

increasing the number of e11ors of omission and conu1,jssion (eg. Moskowitz and 

McGlothlin, 1974; Moskowitz, Sharma and McGlothlin, 1972; Sharma and Moskowitz, 

1974). No drug effects Wlft found in studies using short versions of less than 10 

minutes of the Continuous Perfultoance Test (CPT) (eg. Vachon, Sulkowski and Rich, 

1974). 

A number of studies have utilised dual or concmrent tasks, where one task 

requires almost continuous attention, typically tracking, and the other involves the 

detection of an infrequent stimulus from a variety of sporadically occurring stimuli, often 

presented in the periphery of vision. These tasks are often referred to as the central and 

peripheral wk respectively, and the paradigm referred to as a dual-task or divided 

attention paradigm. This paradigm has been one of the most widely studied in the field 

of research into acute effects of caMabis, possibly due to its presumed relevance to 

driving-related skills. Perf(X1D811CC on such tasks is almost always adversely affected by 

cannabis, although the effects on the component tasks are not consistent The number or 

proportion of peripheral targets missed (MacAvoy and Marks, 1975; Marks and 

MacAvoy, 1989; Casswell and Marks, 1973a; Moskowitz, Shanna and McGlothlin, 

1972), the propo1 tion of hits (Moskowitz, Sharma and McGlothlin, 1972), the number 

of false alarms (MacAvoy and Marks, 1975; Moskowitz and McGlothlin, 1974), 

reaction time to peripheral targets (Perez-Reyes et al, 1988; Moskowitz, Hulbert and 

McGlothlin, 1976) and tracking e1101s (Barnett, Licko and Thompson, 1985) have all 

been shown to reflect impaimd perfa,,,ance, but no intc1pretable pattern of decrements 

has consistently emerged. It seems to be the case that overall perf01,,aance on divided 

attention tasks is impaired during cannabis intoxication, and the differences between 

studies are merely task dependent There is no consistency either as to whether it is the 

perfo1,,wncc of the central <r peripbclal task that is mainly affected by cannabis. 
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Impairments are more likely to be seen in more complex or demanding tasks of divided 

attention, and complex or choice reaction time tasks~ 

Driving andflying 

A majm societal conce111 about cannabis intoxication is its potential to impair 

psycbomotm pcrf o, aa,ance in ways which may directly affect the well-being of nonusers 

of cannabis. The prototype outcome is an automobile accident caused by a cannabis user 

driving while intoxicated. It is well known that individuals who drive while intoxicated 

with alcohol are dangerous to others in proportion to their level of intoxication. Is there 

evidence that intoxication with cannabis produres impaired psychomotor performance of 

a nature and degree sufficient to warrant restrictions upon its use by automobile drivers? 

There is considerable evidence, as reviewed above, that cannabis intoxication has 

some negative effects upon perfo1oaance which become more pronounced with 

increasing task difficulty. Motor vehicle driving is a complex task, particularly in 

conditions of heavy traffic <r J)O(X' road or weather conditions, and as such, might be 

expected to be adversely affected by cannabis. Simulated driving tasks require skills 

which are similar to those involved in driving, which can be performed under controlled 

laboratmy conditions. Smiley (1986) critically reviewed the research on the effects of 

cannabis intoxication on sm,11laled driving. She reported that early studies found less 

impairment than more recent studies, but that this was due to the unrealistic car dynamics 

employed. Later studies demonstrated impairments of lane control after cannabis use, 

but also showed reductions in risk-taking as manifested in slower speeds, and the 

maintenance of a larger distance ftom the vehicle in front. 

Studies of actual on-road driving perfort•aaore have been relatively uncommon due 

to ethical and safety conce,ns. Generally, such studies have been carried out on a closed 
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course, although a few have actually been conducted in city traffic (eg. Klonoff, 1974). 

1be measures in such studies have generally been the number of lane-defining roarlcers 

hit, speed, manoeuvrability, observer ratings and various measures used in actual 

driving tests. Generally, cannabis has impaired performance more on closed courses 

than in md traffic, and the 11-echanism proposed for this phenomenon is an ability of 

users to compensate fm- the impairing effects of cannabis in more serious situations (eg. 

Robbe and O'Hanlon, 1993). Pmvious experimental evidence suggested also that 

cannabis users can voluntarily compensate for some of the impairing effects of the drug 

(eg. Cappell and Pliner, 1973). 

The effects of cannabis have also been found to be generally less impairing than 

those due to alcohol intoxication (Smiley, 1986); for example, cannabis users tend to 

drive more slowly, whereas those under the influence of alcohol tend to drive faster and 

more dangerously than 11010,al. However, the few studies that have tested the response 

of cannabis intoxicated drivers in situations that require emergency decision making have 

found that this is in fact impaired reganlless of the ability to compensate under more 

normal driving cireurnstances (Smiley, 1986). 

The relatively small impairment of driving skills associated with cannabis 

intoxication appears to be at odds with the pftdictions from results of laboratory divided 

attention tasks- While the combination of perfo11iU1Dre abilities which is tapped by the 

typical divided attention task, such as concm,ent pursuit tracking and visual 

discrimination, is plausibly ielated to driving, the tracking task is usually a much more 

difficult task than driving under raor,,,al conditions. Greater attentional resources must 

be allocated to the central task in most divided attention tests, for e,cample, leading to a 

substantial decrease in perfo1,,,ance when drugs such as cannabis are ingested. Thus, 

the findings of laboratory tasks me difficult to extrapolate to actual driving. 
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The tasks relevant to flying an aircraft have also been investigated in the laboratory 

using flight simulators, and have generally been found to be impure<! by cannabis 

(Janowsky et al, 1976; Leirer, Yesavage and Mo11ow, 1989; 1991; Y esavage et al, 

1985). The latter two studies found performance to be impaired in experienced pilots for 

as long as 24 hours after smoking without any subjective awareness of the drug's 

influence. The impairment in flight simulators appears to be greater than in motor 

vehicle driving. This may be due to the greater complexity involved in manoeuvring an 

aircraft, with a greater number of controls to be monitored. It may be that flight 

simulators are more similar to the laboratory tasks of dividoo attention. 

Memory and higher cognitive junctions 

"The single, most consistently repm1ed, behavioral effect of cannabinoids in 

humans is an alteration in meDD)' functioning" (Miller, 1984 ). Memory is one of the 

most frequently cited functions to be impaired by cannabis acutely, and numerous 

studies have investigated the processes of acquisition, storage and retrieval in a variety of 

tasks. State-dependent effects of cannabis on memory have been demonstrated (eg. 

Stillman et al, 1974). 

One of the simplest measures of shon term memory function is the digit span test, 

in which subjecu are required to reproduce increasingly longer strings of digits in the 

order presented or 1everscd. The effects of cannabis on this task have been inconsistent 

but impairment appears to be highly dose-dependent (eg. Casswell and Marks, 1973b; 

Heishman, Stitzer and Yingling, 1989; Hooker and Jones, 1987; Melges et al, 1970; 

Tinklenberg et al, 1970). 

Similarly, effecu on ~gnition memory have been inconsistent, but generally 

indicate a greater number of intrusion c1101s, seen as C1101s of commission (eg. Abel, 
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1971a; 1971b; Dombush, 1974; Miller et al, 1977; Miller and Branconnier, 1983). 

Almost all studies utilising m,e Rall tasks have demonsttated impairment following 

cannabis administration. These tasks usually involve the presentation of a list of words 

(or other items), which the subject must then recall (repeat or write down) either 

im11aediat.ely or following some delay. The number of items recalled is invariably fewer, 

and the next most consistent effect is an increase in the number of intrusion errors (eg. 

Cappell and Pliner, 1973; Chait, Fischman and Schuster, 1985; Dornbush, 1974; 

Dmnbush, Fink and Freed,1,an, 1971; Miller and Branconnier, 1983; Miller, Cornett and 

McFarland, 1978; Miller et al, 1977a; 1977b). Intrusion e11ors are items recalled by 

subjects which were not present in the criginal list Miller and Branconnier (1983) 

suggested that the 11uhanism behind the large number of intrusion e11ors generated by 

subjects acutely intoxicated with cannabis, may be due to a failure to habituate to 

irrelevant stimuli which n,sults in an inability to exclude extraneous information. 

Similarly, the effects of cannabis on the number of e11ors and out-of-sequence 

distortions in the recall of prose or narrative material were greater than the effects on the 

number of factual elements recalled (Hooker and Jones, 1987; Miller, Drew and 

Kiplinger, 1972). Remote memory of previously learned material does not appear to be 

affected by cannabis (Dombush, 1974; Hooker and Jones, 1987). The cumulative data 

from the studies reviewed above, suggests that particularly under conditions of 

distraction or interference, cannabis may affect the acquisition of infonnation by 

dysfunction in the processes of focussing attention and maintaining concentration. 

Further, cannabis may interfere with the transfer from short to long te1m memory 

storage. 

A number of other higher cognitive functions are affected by acute cannabis 

into1tication. Among these is the ability to perf 01m mental arithmetic. This has been 

examined in a number of studies demonstrating impairment in addition, subtraction, 

goal-directed serial alternation and numerous other variations (Casswell and Marlcs, 
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1973b; Chait and Pierri, 1993; Melges et al, 1970; Tinklenberg et al, 1972). Many of 

these tasks involve holding SOIDe info,,nation in memory while manipulating other 

info,.111tion. A number of studies have attempted to verify empirically the cJaim that 

cannabis can )JR'mote creative thought processes and enhance artistic creativity but the 

results have been equivocal (eg. Carlin et al, 1972). Block and Wittenborn (1984) 

mportcd that cannabis da:mlsed the vividness of visual imagery when instructed to use 

this in a paired-associate learning task, contrary to previous subjective reports that 

imagery is enhanced by cannabis. More recendy, Block, Farinpour and Braverman 

(1992) teponed that cannabis intoxication alte1ed associative processes, encouraging 

more uncommon associations. This study also compared the acute effects of cannabis 

on a test battery which assessed learning and memory, abstraction and psychomotor 

pcrfmmance, with the chronic effects of cannabis on the same test battery. The acute 

effects were far more pervasive, but there were some similarities between acute and 

chronic impai•medts. 

The possibility that cannabis detrimentally affects planning and organisational 

strategies and a multitude of frontal lobe functions is becoming increasingly apparent in 

clinical observations (see Chapter 5), but has not been investigated in any rigorous 

manner. 

Cannabis and alcohol 

Cannabis is often used in combination with alcohol. Alcohol and cannabis have a 

number of effects in co,,,,,on although the ,,-ccbanisms of these actions appear to be 

different, with the activity of caonabinoicb being receptor-1taiiated (see Cltapter 2). 

Low doses of cannabis and alcohol in combination are perceived to enhance the 

intoxication (Chesher et al, 1976), while large doses are reponed to be aversive (Chesher 

et al, 1986). Chesher and colleagues (1976; 1977; 1986) studied the effects of orally 
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administered 1HC and alcohol and their interaction on psychomotor perfo1oaance on a 

battery of tests. 1bey found that their combination is approximately additive, but at low 

doses there is a less than additive effect After approximately two hours, the effects of 

1HC alone were more detrimental than were those of 1HC plus alcohol, suggesting an 

antagonism of the effects of 1HC by alcohol (Chesher et al, 1977). A further study 

(Belgrave et al, 1979) found no antagonism when cannabis was administered an hour 

earlier than the alcohol , but demonstrated that perfmnance dec1ements of 1HC were 

slower in onset and lasted longer than those induced by alcohol. Perez-Reyes et al 

(1988) administered aloohol pri<r to smoked cannabis and found that the decrements due 

to alcohol in the perfar•x>ance of sldJJ8 necessary to drive a motor vehicle were 

significandy enhanced by cannabis in an additive and possibly synergistic manner. The 

prim administrarlon of aloohol did not affect subjective ratings of intoxication, heart rate 

acceleration <r THC plasma concentrations. 

Conclusions 

In summary, there is no doubt that cannabis adversely affects the performance of a 

number of cognitive and psychomotor tasks, and that the effects are dose-dependent, and 

larger, more consistent and persistent in complex and wi.familiar tasks. The acute effects 

on pcrfo11,1an.ce of doses of cannabis which are comparable to those subjects report 

using recreationally, are similar to, if smaller than, those of intoxicating doses of 

alcohol. 

Most of the studies ieviewed above reponed that the effects on cognition and 

psychomotor perf OJ 11J8n.ce pc1sisted no longer than four hours, although many did not 

measure perf011,,ance beyond this period. At least two studies have reported dysfunction 

to persist for longer, up to 24 hours after smoking in one instance (Barnett, Licko and 
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Thompson, 1985; Yesavage et al, 1985). Maximal impairment was generally reported to 

coincide with the peak level of intoxication, approximately 40 minutes after smoking 

(longer after oral administration of TI-IC). Memory impairment is the most consistently 

rcpmted effect associated with acute cannabis intoxication. However, the most robust 

increased competition by the intrusion of inelevant associations (Miller and Bmnconnier, 

1983). 

In recent years, ~ has been a shift away from further research into the acute 

effects of cannabis on cognitive functioning, since it is now reasonably well established 

that cannabis affects a wide range of psychomotm' and cognitive tasks at doses that 

produce moderate levels of intoxication. It has been considered of greater imponance to 

investigate possible long te,m effects of chronic cannabis use. Nevertheless, the acute 

effects of cannabis do have practical significance in te~ of impaired learning, driving 

and operating complex rnacbinery whilst into"icated, and further research might aim to 

elucidate the 11a:haoisms of impaitmeilt with greater specificity. It is beyond the scope 

of this thesis to evaluate the possible 11 a:haoisms of cognitive impairment associated 

with acute cannabis intoxication, particularly since the acute and chronic effects may be 

quite diffemnt 
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CHAPTER4 

EVIDENCE FOR BRAIN DAMAGE ASSOCIATED 

WITH THE LONG TERM USE OF CANNABIS 

35 

A major concern about the ia:reational use of cannabis has been whether it may 

lead to functional m- structural neurotoxicity, or "brain damage" in ordinary language. 

Fehr and Kalant (1983) defined ncurotoxicity as "functional aberrations qualitatively 

distinct from the characteristic usual pattern of reversible acute and chronic effects, and 

that may be caused by identified or ide11tifiable neuronal damage" (p. 27). On this 

definition an endming impairment of cognitive functioning may be inte1p1eted as a 

manifestation of nemotoxicity. This chapter, however, will concentrate on direct 

investigations of neurological function and sttuctural brain damage arising from 

exposure to cannabinoids. The review begins with an examination of the evidence for 

behavioural neurotoxicity from aoima] stucli,.,s. Neurochemical, electrophysiological and 

brain substrate investigations of functionality follow, and the chapter concludes with the 

findings of lll<X"C invasive eurninations of brain structure and morphology in animals, 

and of less invasive techniques for imaging the human brain. 

4.1 Belaavioural neurotoxicity in animals 

Animal research provides the ultimate dc;pee of control over extraneous variables; 

it is possible to eliminate factors known to influence research findings in humans, e.g. 

nutritional status, age, sex, previous drug history, and concurrent drug use. The results, 
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however, are often difficult to extrapolate to humans because of between-species 

differences in brain and behaviour and in drug dose, patterns of use, routes of 

administration and methods of asscssmenL 

36 

Animal re~h into the effects of cannabis on brain function has typically 

adrninis1e1ed known q1iaotities of cannabinoids to animals for an extended period of time 

and then examined perfme,woce on various tasks assessing brain function, before using 

histological and mmphomctric methods to study the brains of the exposed animals. In 

general, the results m studies with primates produce results that most closely resemble 

the likely effects in humans; the monkey is physiologically similar to humans, while rats, 

for e1'ample, metabolise drugs in a different way, and monkeys are able to perform 

complex behavioural tasks- Nevertheless, every animal species examined to date has 

been found to have cannabinoid n:ccptors in the brain. In animal models, non-targeted 

staring into space following administration of cannabinoids is suggestive of 

psychoactivity comparable to that in b11man.s. The most characteristic responses to 

cannabinoids in animals are mild behavioural abet1ations following small doses, and 

signs of gross neurotoxicity manifested by tremors and convulsions following 

excessively large doses. Where small doses are given for a prolonged period of time, 

evidence of behavioural neurotoxicity has emerged (see Rosenkrantz, 1983). Chronic 

exposure produces lethargy, sedation and depression in many species, and/or aggressive 

irritability in monkeys. 

A clear manifestation of neurotoxicity in rats, which has been called the "popcorn 

reaction" (Luthra, Rosenkrantz and Braude, 1CJ76), is a pattern of sudden vertical 

jumping in rats exposed to cannabinoids for 5 weeks or longer. It is also seen in young 

animals exposed to cannabinoi<b in utero and then given a small dose challenge at 30 

days of age. Several studies of prenatal exposure indicate that the offspring of cannabis 

treated animals show small delays in various stages of post-natal development, such as 
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eye opening, various reflexes and open field exploration, although after several weeks or 

months their developme11t is mdisringuishable ftom no1,oal (e.g. Fried and Charlebois, 

1979). 1bis means that either the developmental delay was not chronic, the remaining 

damage is too subtle to be detected by available measures, or the "plasticity of nervous 

system organisation in the newbo111 permitted adequate compensation for the loss of 

function of any damaged cells" (Fehr and Kalan~ 1983, p. 29). 

Behavioural tests in rodents have included conventional and radial arm mare 

learning, opc1aa1t behaviour involving time disaiminations, open field exploration and 

dependent on spatial mientation or on response inhibition, both of which are believed to 

depend heavily on intact hippocampal functioning. Some studies have found decreased 

learning ability on such tasks several months after long term treatme11t with cannabinoids 

(see Fehr and Kalant, 1983). Fm- e:xample, Stiglick and Kalant (1982a, 1982b) reponed 

altered learning behaviour in rats 1 to 6 months after a 3-month oral dosing regimen of 

marijuana extract or TIIC. 1bey clair;;al that the deficits were reminiscent of 

behavioural changes seen after damage to the hippocampus. Long lasting impairment of 

learning ability and hippocampal dysfunction suggests that long-lasting damage may 

result from exposure to cannabis. However, some studies have been carried out too 

soon after the final drug administration to exclude the possibility that the observed effects 

are residual effects, that is, due to the continued action of accumulated cannabinoids. 

Memmy function in monkeys bas often been assessed by delayed matching-to

sampl.e tasks., In a recent study (SJikket et al, 1992), rhesus monkeys were trained for 

one year to perfo1m 5 opcrant tasks before one year of chronic administration of 

cannabis commenced. One group was exposed daily to the smoke of one standard joint, 

another on weekends only and control groups received sham smoke exposure (N = 15 or 

16 per group). Performance on the tasks indicated the induction of an "amotivational 
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syndrome" during chronic exposme to cannabis as manifested in a decrease in 

motivation to respond, regardless of whether the monkeys were exposed daily or only 

on wBencb. This Jed the auth<n to suggest that motivational problems can occur at 

relatively low m- - levels of use (in fact, the effect was maximal with 

inteimittent exposure). Task performance was grossly impaired for more than a week 

following last exposme, although perfor,,mnce returned to baseline levels two to three 

months after cessation of use. Thus, the effects of chronic exposure were slowly 

reversible with no long term behavioural effects. The authors concluded that persistent 

exposure to compounds that are very slowly cleared fiom the brain could account for 

their results. This hypothesis is consistent with the long half life of me in the bcxly. 

One of the problems with stncti~s such as these is that animals are often only 

exposed f<r a relatively shmt period of time, for e"ample, one year or less. Slikker and 

colleagues acknowledge that it remains to be determined whether longer or greater 

exposures would cause more severe or additional behavioural effects. It may be that 

chronic dysfunction becomes manifest only after many years of exposure. Although it is 

of concern that behavioural impailmeats have been shown to last for several months after 

exposure, it is reassming that they have generally resolved over time. 

A funher difficulty with animal studies is a consequence of differences between 

animals and humans in route of cannabinoid administration. In humans, the most 

common route of exposlR to me is via the inhalation of marijuana smoke whereas 

most animals studies have relied upon the oral administration or injection of me 
because of the difficulty in efficiendy delivering smoke to animals and the concern about 

the complications introduced by carbon monoxide toxicity. While it may well be 

impossible to evaluate the pbarmaoological and toxicological consequences of exposure 

to the hundreds of compounds in cannabis simultaneously, it is arguably inappropriate to 

assess the long-·tenn consequences of human cannabis smoking by administering me 
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alone. Hundreds of additional compounds are produced by pyrolysis when marijuana is 

smoked, which may contribute either to acute effects or to long-term toxicity. Future 

studies need to a<Jdress these issues for comparability to b11man usage. Appropriate 

controls, inclwting those which mimic the carbon monoxide exposure experienced 

during the smoking of rnarijulD8 may be necessary. 

4.2 Neurocbemistry 

The disoovery of the cannabinoid recepur and its endogenous ligand anandamide 

revolutioniuxl previous conceptions of the mode of action of the cannabinoids. 

However, much further resean:h is 1a1Dm bef<re the interactions between ingested 

cannabis, anandamidc and the canoabinoid receptor are fully understood. Nor should 

the anandamide pathways be seen as responsible for all of the central effects of the 

psychoactive cannabinoids. There is good evidence that cannabinoids affect the 

concentration, turnover, or release of endogenous substances (Pertwee, 1988). Much 

resemch has been devoted to examining the interactions between cannabinoids and 

several neurotransmitter receptor systems (e.g. norepinephrine, dopamine, 5-

hydroxytryptamine, acetylcholine, garnma-aminobutyric acid (GABA), histamine, opioid 

peptides, and prostaglandins). The results suggest that all these substances have some 

role in the neuropharmacology of cannabinoids, although little is known about the 

precise nature of this involvement Cannabinoids may alter the activities of 

neurochernical systems in the central nervous system by altering the synaptic 

concentrations of these ,1-:diators through an effect on their synthesis, release, or 

metabolism, and/or by modulating 11;cdiatar-receptor interactions. There have been 

nu,oerous repmts of nemotransmitter penurbations in vitro and after short-teim 

administration (Martin, 1986; Pe1twee, 1988). 
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Domino (1981) demonstrated in cats that large doses of 1HC elevate brain 

acetylcholine and reduce its turnover by producing a decrease in acetylcholine release 

from the neocmtex. At large doses, 1HC may depress the brain stem activating system. 

With lower doses, brain acetylcholine utilisation was redured primarily only in the 

hippocampus. Some of the potential undesirable side effects of carmabinoids may be 

related to a dccreasc in acetylcholine release and tmnover. Domino also reported that 

1HC decreased EEG activation and induced slow wave activity: high voltage slow 

waves in neoconical EEG were produced in frontal regions and tended to be exaggerated 

by !lma)I doses but reduced by larger doses. These findings support the general 

observation made in a variety of studies, that low doses of 1HC stimulate while high 

doses depress the n<ndrencrgic and dopaminergic system. 

Bloom ( 1984) reported that cannabinoids increase the synthesis and tmnover of 

ooparnine and nompincphrine in rat and mouse brain while producing little or no change 

in endogenous levels of catecholamines. However, THC and other caooabinoids were 

reported to alter functional aspects of catechoJamipergic neurotransmission. 1HC was 

found to increase the utilisation of the catecholamine neurotransmitters, to alter the active 

uptake of biogenic amine neurotransmitteJs and their precursors into synaptosomes, and 

to alter transmitter release from synaptosomes. Funher, 1HC was reported to alter the 

activity of enzymes involved in the synthesis and degradation of the catecholamines. 

1HC and other cannabinoids can selectively alter the binding of ligands to several 

different membrane bound neurotransmitter receptors. 

Relatively few studies have examined whether long-term exposure to cannabinoids 

msults in lasting changes in brain neurotransmitter and neuromodulator levels. An early 

study examined cerebral and cerebellar neurochemical changes accompanying 

behavioural manifestations of neurotoxicity (involuntary vertical jumping) in rats 

exposed to marijuana smoke for up to 87 days (Lu~ Rosenkrantz and Braude, 1976). 
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Sex differences emerged in the neurochemical consequences of chronic exposure: in 

females, AChE showed a cyclic increase and cerebellar enzyme activity declined. For 

both sexes, cerebellar RNA increased, but at different times for each sex, and at 87 days 

mmained elevated only in fm>aJes. Some of these neurochemical changes persisted 

during a 20 day recovery period, but the auth<rs piedicted the return to nonnaJity after a 

much longer recovery period. Cannabinoids administered prenatally not only impaired 

developmental processes in rats but produced significant decrements in RNA, DNA and 

protein concentrations and mluctions in amine concentrations (dopamine, 

nompinepbrine) in mice, which could be impmtant in the role of protein and nucleic 

acids in learning and memory (see Fehr and Kalant, 1983). Bloom (1984) reported that 

chronic exposure to cannabinoids has been shown to lead to increased activity of 

tyrosine in rat brain. 

However, recent evidence suggests that there are few, if any, irreversible effects of 

1HC on known brain chemistry. Ali and colleagues (1989) administered various doses 

of 1HC to rats for 90 days and then assessed several brain neurotransmitter systems 24 

hours or 2 months after the last drug dose. Examination of dopamine, serotonin, 

acetylcholine, GABA, benmdiazepine and opioid neurotransmitter systems revealed that 

no significant changes occlllffii. A larger study with both rats and monkeys ex:amined 

receptor binding of the above neurotransmitters and the tissue levels of monoamines and 

their metabolites (Ali et al, 1991). No significant irreversible changes were 

demonstrated in the rats chronically treated with 1HC. Monkeys exposed to a chronic 

treab11ent of marijuana smoke for one year and then sacrificed after a 7 month recovery 

period were found to have no changes in neurotransmitter concentration in caudate, 

frontal conex, hypothalamu~, or brainstem regions. Toe authors concluded that there are 

no significant irreversible alterations in major neuromoduJator pathways in the rat and 

monkey brain following long-te1m exposure to the active compounds in marijuana. 
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SJikkcr et al (1992), reporting on the same series of studies, noted that there were 

virtually no differences between placebo, low dose or high dose groups of monkeys in 

blood chemistry values. The general health of the monkeys was unaffected but the 

exposure served as a chronic physiological stressor evidenced by increases in urinary 

cortisol levels which were not subject to tolerance (although plasma cortisol levels did 

not differ). Urinary conisol elevation has not been demonstrated in other studies with 

monkeys. Slikker et al ~poned a 50% reduction in circulating testosterone levels in the 

high dosed group with a nonsignificant iebound 1-4 weeks post cessation of treatment 

It is wmthy to note that these monkeys were 3 yean of age at the commencement of the 

study and would have experienaxl hormonal changes over the comse of entering 

adolescence during the study. 

A n,cent pilot study compaml monnamine levels in cerebrospinal fluid (CSF) in a 

~mall sample of h1m,an cannabis users and age and sex-matched n01inaJ controls 

(Musselman et al, 1993). The justification for the study was that THC administered to 

animals has been shown to produce increases in serotonin and decreases in dopamine 

activity. No differences were found between the user and nonuser groups in the CSF 

concentration of HV A, SHIAA, MHPG, ACIH and CRH. The authors proposed a 

number of explanations for these results: 1) cannabis use has no chronic effect on levels 

of brain monoamines; 2) those who use cannabis have abn01 ,,aal levels of brain 

monoamines which are 1101 •• aalised over long periods of time by cannabis use; or 3) 

those who use cannabis have 1101,1131 levels of brain monoamines which are transiently 

altered with cannabis use and then return to n01 11aal~ However, there is insufficient data 

in this study to permit a choice between these hypotheses to be made. The frequency 

and duration of cannabis use, and the time since last use in the user group could not be 

determined. All users had denied using cannabis, having been drawn from a larger 

normative sample and identified as cannabis users by the detection of substantial levels 

of cannabinoids in urine screens. Furthermore, the "1101a1ml" controls were assumed to 
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be nonusers on the basis of their drug free urines, a far from adequate source of evidence 

for or against cannabis use. Thus, the small umple size and faulty methodology 

pn,clude any conclusions to be drawn from this study about possible alterations in 

mo11namine levels in cannabis users. 

4.3 Electrophysioloaical effects 

Cannabis is clearly capable of causing marked changes in brain electrophysiology 

as determined by electroencephalographic (EEG) recordings. Long-tetm residual 

abn01 ••wJities in EEG tracings from cortex and hippocampus have been shown in cats 

(Barratt & Adams, 1972; 1973; l)o.1.ino, 1981; Hockman et al, 1971), rats (see Fehr and 

Kalant, 1983b) and monkeys (Adams and Barratt, 1975; Harper, Myers and Heath, 

1977; Heath et al, 1980) exposed to cannabinoids. Some sleep EEG abnm,a,a1ities, such 

as a decrease in slow wave sleep, were also observed. Stadnicki et al (1974) 

demonstrated increased EEG synchrony and high voltage slow wave activity in the 

occipital cortex, amygdaJa, septum and hippocampus of implanted rhesus monkeys 

following several days administration of ma! me, but tolerance developed to these 

EEG effects. Withdrawal effects are sometimes apparent in the EEG (Fehr and Kalant, 

1983b) with epileptifo1m and spike-like activity seen most often. 

Shannon and Fried (1972) n,lated EEG changes in rat to the distribution of bound 

and unbound radioactive me. Disposition of the ttacer was primarily in the extra

pyramidal motor system and some limbic structures and 0.8% of the total injected drug 

which was weakly bound in the brain accounted for the EEG changes. In monkeys, 

serious subcortical EEG anomalies were observed in monkeys exposed to marijuana 

smoke for 6 months (Heath et al, 1980). The septa! region, hippocampus and amygdaJa 

were most profoundly affected, showing bursts of high amplitude spindles and slow 
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wave activity. Such early studies often lacked critical quantitative analysis. The 

definition of abno1 111al spike-like wavefo,ms in EEG were not roade to rigorous criteria 

and EEG frequency was not assessed quantitatively. 

More recent snJdies have ~xamined the effects of 1HC on extracellular action 

potentials recorded from the dentate gyrus of the rat hippocampus (Campbell et al, 

1986a; 1986b ). 1HC produced a suppression of cell firing patterns and a decrease in the 

amplitude of sensory-evoked potePtiaJs, also impairing perfonoance on a tone 

discrimination task. The evoked-potential changes recovered rapidly (within 4 hours), 

but the spontaneous and tone-evoked cellular activity remained significantly depressed, 

indicating an abDOJ•JWJ state of hippocampaJ/limbic system operation. The authors 

proposed that such changes accounted for d~sed learning, memory function and 

general cognitive perfo,,,mnce following exposure to cannabis. The long-luting effects 

of prolonged cannabis administration on animal electrophysiology has not been 

investigated to any &pee of specificity. 

The waking or sleep EEG is increasingly recognised as a particularly sensitive tool 

for evaluating the effects of drugs in humans, especially drugs that affect the CNS, since 

EEG signals~ sensitive to variables affecting the brain's neurophysiological substrate. 

Toe recording of the EEG is one of the few reasonably direct, nonintrusive methods of 

monitoring CNS activity in roan .. However, alterations in EEG activity are difficult to 

intetpret in a functional sense. Struve and Straumanis (1990) provide a review of the 

human research dating from 1945 on the EEG and evoked potential studies of acute and 

chronic effects of cannabis use. While the data have often been contradictory, the most 

typical buman alterations in EEG patte11ia include an increase in alpha activity and a 

slowing of alpha waves with decreased. peak frequency of the alpha rhythm, and a 

decrease in beta activity (Fink, 1976a; Fink et al, 1976; Heath, 1972; Rodin, et al, 1970; 

Volavka et al, 1977). In general, this is consistent with a state of drowsiness. 
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Desynchronintion, variable changes in theta activity, abnor111aJ sleep EEG profiles and 

abno11,aal evoked responses have also been repmted (Fehr and Kalant, 1983). Cannabis 

hu been reponed to reduce the duration of REM sleep (Feinberg et al, 1976; Jones, 

1980), although this may only occur early in administration studies, followed by a 

resolution and then an increase in REM sleep above baseline levels as smoking continues 

(Kales et al, 1972). 

Campbell (1971) compared EEG abnoi,a.alities observed in chronic cannabis users 

who had developed psychotic reactions, to the EEG patterns of schizophrenics, 

neurological patients and nonproblematic cannabis users, and claimed that the incidence 

of EEG abnora1.alities was higher in the two groups of cannabis users than in either 

patient sample. These incJuded excess sharp and theta activity, severe dysrhythmia, and 

epileptifu1m spikes in frontal and tempmal regions. In contrast, Dombush et al (1972) 

reported increased EEG alpha activity in the intoxicated state, but no persistent changes 

following 21 day administration of cannabis to lluman volunteers. Koukkou and 

Lehman ( 1976; 1977) examined EEG frequency spectra during self reported me 
induced hallucinations and found slower alpha and more theta. Subjects with a high 

tendency toward cannabis indua,d experiences exhibited resting spectra both before and 

after me injection with higher modal alpha frequencies, reminiscent of subjects with 

high neuroticism scores, than subjects with a low tendency. Fink and colleagues 

suggested that the acute effects of cannabis on EEG are similar to those of 

anticholinetgics, but differ to those of opiates and hallucinogens. Jones (1975) reviews 

the data on EEG characteristics of over 200 marijuana users from a number of studies, 

mostly during acute intoxication and reports very few EEG abnor111alities being detected 

in those studies that were well oonttolled. 

Clinical ~ have associated cannabis with triggering seizures in epileptics 

(Feeney, 1979) and experimental studi~s have shown me to trigger abnormal spike 
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wavefo1ms in the hippocampus, whereas cannabidiol has an opposite effect. Yet there is 

suggestive evidence that cannabis may be useful in the treatment of convulsions. Feeney 

(1979) discusses these paradoxical effects. 

A Dumber of studies have investigated EEG in chronic cannabis users. The early 

cross-cultural studies w~ flawed in many ~spccts (see Chapter 5) and also failed to 

used quantitative techniques in analysing EEG spectra. No EEG abno1ttaalities were 

found in the resting EEG of chronic users from Greek, Jamaican or Costa Rican 

populations compared to controls (Karacan et al, 1976; Rubin and Comitas, 1975; 

Stefanis, 1976). In all of these studies, only subjects who were in good health and who 

were functioning adequately in the community were sele-cted, thereby systematically 

eliminating subjects who may have been adversely affected by cannabis use and who 

may therefore have shown residtiaJ EEG changes. 

The evidence from ma11y studies has been contradictory: users have been found to 

show either higher or lower percentages of alpha-components than nonusers, and to 

have higher or lower visual evoked response amplitudes (Cohen, 1976; Deliyannakis, 

Panagopoulos and Huott, 1970; Richmon et al, 1974). Subjects in a 94 day cannabis 

administration study (Cohen, 1976) showed lasting EEG changes. The abnormalities 

were m<re marked in subjects who had taken heavier doses, but it was observed that 

even in abstinence, cannabis users had more EEG irregularities than nonusing controls. 

It was not determined fer how long after cessation of use the EEG changes persisted. In 

general, most EEG studies produced equivocal results which may have been more 

consistent bad quantitative methods been employed (many early studies relied on visual 

inspection, but by the mid 1970s power specbal analyses were sometimes being 

perfo, • • ;cd). 

It has also been reported that chronic users develop tolerance to some of the acute 
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EEG changes caused by cannabis (Feinberg et al, 1976). Fried (1977) reviewed the 

literature pe1tii1ent to the developmcat of tolerance to EEG effects in animals and 

humans, which agajn produced many inconsistent effects. The question as to why 

chronic cannabis users can continue to display changes in EEG when tolerance is known 

to develop to such alterations ~majns unanswered. 

In a series of well controlled ongoing studies, Struve and colleagues ( 1991, 1993) 

have been using quantitative techniques to investigate persistent EEG changes in long

term cannabis users, characterised by a "hyperfrontality of alpha". Significant increases 

in absolute power, relative power and inte1l1emispheric coherence of EEG alpha activity 

over the bilateral frontal-central cortex in daily 1HC users compared to nonusers was 

demonstrated and replicated several times. The quantitative EEGs of subjects with very 

long cumulative 1HC exposures (> 15 years) appear to be characterised by increases in 

frontal-central theta activity in addition to the hyperfrontality of alpha found in 1HC 

users in general (or those with much shoner durations of use). These very long term 

users have shown significant elevations of theta absolute power over frontal-central 

cmtex compared to shon term users and controls, and significant elevations in relative 

power of frontal-central theta in comparison to shon tetm users. Over most cortical 

regions, ultra-long te1m users had significantly higher levels of theta interhemispheric 

coherence than short term users or controls. Thus, excessively long duration of 1HC 

exposure (15-30 years) appears to be associated with additional topographic quantitative 

EEG featums not seen with subjects using 1HC for short to moderately long time 

periods. 

These fiooings have led to the suspicion that there may be a gradient of quantitative 

EEG change associated with progtessive increases in the total cumulative exposure 

(duration in years) of daily 1HC use. Infrequent, sporadic or occasional 1HC use does 



Chapter 4 48 

not seem to be associated with penistent quantitative EEG change. As daily THC use 

begins and continues, the topographic quantitative EEG becomes characterised by the 

hyperfrontality of alpha. While it is not known at what point during cumulative 

exposure it occms, at some stage substantial durations of daily THC use become 

associated with a downwmd shift in maximal EEG spectral power from the mid alpha 

range to the upper theta/low alpha range. Excessively long dmation cumulative exposure 

of 15-30 years may be associated with increases of absolute power, relative power and 

oohelmce of theta activity over frontal-central cmtex. One conjecture is that the EEG 

shift towmd theta frequencies, if confirmed, may suggest organic change. These data 

are supplemented by neuropsychological test perfor,•iance features separating long-term 

users ftorn moderate users and nonusers (see Chapter 5), however the relationship 

between neuropsychological test perf01naance and EEG changes has not yet been 

investigated (Struve, personal con .. 11anication). 

While the EEG provides little inte1p1etable information about brain function, brain 

event-related potential measures are direct electrophysiological markers of cognitive 

processes. Relatively few smdies have utilised event-related potential measures in 

research into the chronic effects of cannabis. Studies by Heming and colleagues (1979) 

demonstrated that THC administc1cd orally to voluntce1s alters event-related potentials 

according to dose, duration of administration, and the complexity of the task. Event

related potential studies are reviewed in Cllapter 6. 

4.4 Cerebral blood Row studies 

Brain ce1cbral blood flow (CBF) is closely related to brain function. The use of 

CBF may help to identify brain regions responsible for the behavioural changes 

associated with drug intoxication. However, since psychoactive drugs may induce CBF 
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changes through 11aechanisms other than alteration in brain function (e.g. by increasing 

carbon monoxide levels, changing blood gases or vasoactive properties, affecting blood 

viscosity, autonomic activation or inhibition of intraparenchymal innervation, acting on 

va.108Ctive ncuropcptidcs), any conclusions drawn from drug-induced CBF changes 

must be treated with caution. 

Mathew and Wilson (1992) iepmt several studies of the effects of cannabis on 

cerebral blood flow. Acute cannabis intoxication in inexperienced users produced a 

global CBF decreasei whereas in experienced users CBF increased in both hemispheres 

but primarily at frontal and left temporal iegions. There was an inverse relationship 

between anxiety and CBF. The authors attributed the decrease in CBF in naive subjects 

to their increased anxiety after cannabis administration, while the increased CBF in 

experienced users was amibuted to the behavioural effects of cannabis. A funher study 

showed that the largest increases in CBF occurred 30 minutes after smoking. The 

authors concluded that cannabis causes a dose related increase in global CBF, but also 

appean to have regional effects, with a greater increase in the frontal region and in 

panicuJar in the right hemisphere. CBF increases were co11elated with the "high", 

plasma 1HC levels and pulse rate, loss of time sense, depersonalisation, anxiety and 

somatintion scores (positively with frontal flow and inversely with parietal flow). 

The authors claimed their iesults suggested that altered brain function was mainly, 

if not exclusively, iesponsible for the CBF changes. Carbon monoxide increased after 

both cannabis and placebo but did not co11elate with CBF. Cannabis induced "red eye" 

lasted for several hours, but the CBF increases declined significantly within 2 hours of 

smoking. Nevenheless, the possibility remains that the CBF changes reflected drug

induced vascular (ccrebral) change. Continued reduction in ce1ebral blood velocity was 

demonstraled following cannabis administration, and repons of dizziness but with 

0011,aal blood press~ suggested that cannabis may impair cerebral autoregulation. 
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The time course of CBF changes resembled that of mood changes more closely 

than plasma 1HC levels. Global CBF was closely related to levels of arousal mediated 

by the reticular activating system. High arousal states generally show CBF increases 

while low arousal states show CBF decreases. Of all cortical regions, the frontal lobe 

has the most intimate connections with the thalamus which IDMiates arousal, and CBF 

incmases after cannabis use were most pronounced in frontal lobe regions. The right 

hemisphere is generally associated with the IDMiation of emotions and the most marked 

changes after cannabis Weft seen there. Time sense and depersonalisation which are 

associated with the temporal lobe were severely affected but there were no significant 

C011elations between these SC<RS and tempmal flow. CBF techniques are probably not 

sensitive enough in terms of spatial msolution to detect such effects and may well be 

limited to superficial layers of cortex. The parietal lobes are associated with perception 

and cognition. Cannabis Jeduces pen:eptual acuity, but dming intoxication subjects 

repmt increased awareness of tactile, visual and auditory stimuli. It is possible that their 

altered time sense and depersonalisation is related to such altered awareness. 

There have been a few investigations of chronic effects of cannabis on CBF. 

Tunving et al, (1986) demonstrated globally reduced resting levels of CBF in chronic 

heavy users of 10 years compared to nonuser controls, but no regional flow differences 

were observed. CBF increased by 12% between 9 and 60 days later, indicating reduced 

CBF in heavy users i11nt ;aliately after cessation of cannabis use with a return to no, 111al 

levels with abstinence. This study was flawed in that some subjects were given 

benmdiampines, which 8IC known to lower CBF, prior to the first measurement. 

Mathew and colleagues (1986) assessed chronic users of at least 6 months (mean 83 

months) after two weeks of abstinence. No differences in CBF levels were found 

between users and non-user controls. The number of studies available on the effects of 

cannabis on CBF are relatively small. Use of techniques with better spatial resolution 
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and the ability to quantify subc<X"tical flow, such as p<>siuon emission tomography 

(PET), would yield more useful findings. 

4.5 Positron emission tomoarapby (PET) studies 

51 

Positton emission tomography (PET) is a nuclear imaging technique which allows 

the concentration of a positton-labelled tracer to be imaged in the human brain. PET can 

measure the regional distribution of positron-labelled comp<>unds in the living human 

brain, and to some extent their rime course. Some PET studies have labelled oxygen and 

measun:d blood flow, while rnaoy others have utilised an analog of glucose to measure 

regional brain glucose metabolism; nervous tissue uses glucose as its main somce of 

energy. Measurement of glucose metabolism reflects brain function since activation of a 

given brain area is indicaled by an increase in glucose consumption. PET may be used 

to assess the effects of acute drug administration by using regional brain glucose 

metabolism to determine the areas of the brain which are activated by a given drug. 

Assessment of brain glucose metabolism has been useful in identifying patterns of brain 

dysfunction in patients with psychiatric and neurological diseases. It is a direct and 

sensitive technique for identifying brain pathology since it can detect abnormaUties in the 

functioning of brain regions in the absence of structural changes, such as is likely to 

occur with the neurotoxic effects of chronic drug use. It is accordingly more sensitive 

than either computer-assisted tomography (CAT) scans or magnetic resonance imaging 

(MRI) in detecting early pathological changes in the brain. 

Only one study to date bas used the PET technique to investigate the effects of 

cannabis use. Volkow et al (1991) ieported preliminary data from an investigation 

crmparing the acute effects of cannabis in 3 control subjects ( who had used cannabis no 

more than once or twice per year) and in 3 chronic users (who had used at least twice a 
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week for at least ten years). The regions of interest were the prefrontal conex, the left 

and right dorsolateral, temporal, and somatosensory parietal cortices, the occipital 

cmte~ basal ganglia, thalamus and cerebellum. A measure of global brain metabolism 

was obtained using the ave1age f<r the 5 central brain slices, and relative measures for 

each region were obtained using the ratios of region/global brain metabolism. Due to the 

small number of subjects, descriptive rather than inferential statistical procedures were 

used for comparison. The relation between changes in metabolism due to cannabis and 

the subjective sense of intoxication was tested with a regression analysis. 

In the control subjects, administration of cannabis led to an increase in metabolic 

activity in the )Rftwlal tutex and cerebell11m; the largest relative increase was in the 

CeJebellum and the largest relative decrease was in the occipital cortex. The degree of 

incn,ase in metabolism in the caebellar cmtex was highly c011elated with the subjective 

sense of intoxication. The cannabis users repmted less subjective effects than the 

controls and showed less changes in regional brain metabolism, reflecting tolerance to 

the actions of cannabis. However, the authors did not report comparisons of baseline 

levels of activity in the users and controls, perhaps due to the limitations of the small 

sample siu. In a larger sample, such a comparison would enable an evaluation of the 

consequences of long term cannabis use on resting levels of glucose metabolism. The 

increases in regional metabolism in Volkow et al's study are in accord with the increases 

in cerebral blood flow reponed by Mathew and Wilson (1992). The regional pattern of 

response to cannabis in this study is consistent with the localisation of cannabinoid 

receptors in brain. A funher application of PET would be to label cannabinoids 

themselves: labelling of cannabis with a posibOD emitter has been achieved and 

JRliminary biodistribution studies have been carried out in mice and in the baboon 

(Charalambous et al, 1991; Marciniak et al, 1991). The use of PET in future human 

studies is promising. 
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4.6 Brain morpllolou 

4.6.1 Animal studies 

Early attempts to investigate the effects of chronic cannabinoid exposure on brain 

morphology in animals failed to demonstrate any effect on brain weight or histology 

under the light microscope. Elec1ron microscopic examination, however, has revealed 

alterations in septal, hippocampal and amygdaloid morphology in monkeys after chronic 

treatn1ent with 1HC or cannabis. A series of studies from the same laboratory (Harper et 

al, 1977; Myers and Heath, 1979; Heath et al, 1980 discussed below) reponed widening 

of the synaptic cleft, clumping of synaptic vesicles in axon terminals, and an increase in 

intranuclear inclusions in the septum, hippocampus and amygdala. These findings 

incited a gn2t deal of conttoversy and the smdies were aiticised for possible technical 

flaws (Institute of Medicine, 1982) with cJaims that such alterations are not easily 

quantifiable. 

Harper et al ( 1977) e,camined the brains of three rhesus monkeys 6 months after 

exposure to rnanjuana, 1HC or placebo, and two nonexposed conttol monkeys. In the 

treated group, one monkey was exposed to manjuana smoke 3 times each day, 5 days 

per week, another was injected with 1HC once each day, and the third was exposed to 

placebo smoke conditions. 1be latter two had electrode implants for EEG recording and 

had shown persistent EEG abnor,,,a]ities following their exposure to cannabis. 

Mmphological differences were not observed by light microscopy, but electron 

microscopy 1evealed a widening of the synaptic cleft in the rnanjuana and 1HC treated 

animals with no abnor,a,aJities detected in the placebo or control monkeys. Funher, 

"clumping" of synaptic vesicles was observed in pre- and post-synaptic regions in the 
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cannabinoid treated monkeys, and opaque granular material was present within the 

synaptic cleft. The authors concluded that chronic heavy use of cannabis alters the 

ulttastructure of the synapse and proposed that the observed EEG abnonnalities may 

have been related to these changes. 

Myers and Heath (1979) e:,camined the septal region of the same two cannabinoid 

treated monkeys and found the volume density of the organised rough endoplasmic 

reticulum to be significantly lower than that of the controls, and fragmentation and 

disorganisation of the rough endop]as111ic reticulum pattcn1s, fice ribosomal clusters in 

the cytoplnm, and swelling of the cistcmal membranes was observed. The authors 

noted that similar lesions have been observed following administration of various toxins 

or after axonal damage, reflecting disruptions in protein synthesis. 

Heath et al (1980) extended the above findings by examining a larger sample of 

rhesus monkeys (N = 21) to dete1a1rine the effects of mari.juana on brain function and 

ultrastrucnR. Some animals ~ exposed to smoke of active marijuana, some were 

injected with 1HC and M>mC were exposed to inactive marijuana smoke. After 2 to 3 

months of exposure, those monkeys that were given moderate or heavy exposure to 

marijuana smoke developed chronic EEG changes at deep brain sites, which were most 

marked in the septal, hippocampsil and amygdaloid regions. These changes persisted 

throughout the 6 to 8 month exposUIC period as well as the postexposure observation 

period of between 1 and 8 months. Brain ultrastructural alterations were characterised 

by changes at the synapse, destruction of rough endoplasmic reticulum and development 

of nuclear inclusion bodies. The brains of the placebo and control monkeys showed no 

ultrastructural changes. The authors claiolCd that at the doses used, which were 

compitnlhle to h11man usage, per•••81'ent alterations in brain function and ultrastructure 

w~ observed in these monkeys. 
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Brain atrophy is a major nonspe-cific organic alteration which must be preceded by 

more subtle cellular and molecular changes. Rumbaugh et al ( 1980) observed six human 

cases of cerebral atrophy in young male substance abusers of primarily alcohol and 

amphetamines. They then conducted an experimental study of six rhesus monkeys 

treated chronically with various doses of cannabis extracts orally for 8 months and 

compared them to groups that were treated with barbiturates or amphetamines or 

untreated. No signs of cerebral atrophy were demonstrated in the cannabis exposed 

group and light microscopy revealed no histological abDOJtnalit.ies in four of the animals, 

but "equivocal" results for the other two. Brains were not examined under the electron 

microscope. The amphetamine tmlted group showed the greatest histological, 

ce2brovascular and atrophic changes. 

M<re recently, McOahan et al ( 1984) used high resolution computerised 

tomography scans in thn,e groups of four rhesus monkeys. One was a control group, a 

second was given 2.4 mg/kg of oral me per day for 2-10 months and a third group 

received a similar daily dose over a five year period. The dosage was considered the 

equivalent of smoking one joint a day. The groups receiving me were studied one year 

after discontinuing the drug. There was a statistically significant enlargement of the 

frontal horns and the bicaudate distance in the brains of the five-year treated monkeys as 

compared to the control and shmt-teim me groups. This finding suggests that the head 

of the caudate nucleus and the frootal areas of the brain can atrophy after long-te1m 

administration of me in doses relevant to human exposure. 

A number of rat studies have found similar results to those in rhesus monkeys 

described above. Investigators have reported that after high dose cannabinoid 

administration there is a decrease in the mean volume of rat hippocampal neurons and 

their nuclei, and after low dose administration there is a shonening of hippocampal 

dendritic spines. Scallett and coworkers (1987) used quantitative neuropathological 
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techniques to e,ramine the brains of rats 7 to 8 months after 90 day oral administration of 

1HC. 1be anatomical integrity of the CA3 area of rat hippocampus was examined using 

light and electron microscopy. High doses of 1HC resulted in striking ultrastructural 

alterations, with a significant reduction in hippocampal neuronal and cytoplasmic 

volume, detached axodendritic elements, disrupted membranes, increased extracellular 

space and a reduction in the number of synapses per unit volume (i.e. decreased synaptic 

density). These structural changes were present up to seven months following 

tre.auaent Lower doses of 1HC produced a reduction in the dendritic length of 

hippocampal pyramidal nemons two months after the last dose, and a reduction in 

GABA n:cepur binding in the hippocampus although the ultrastructural appearance and 

synaptic density appeared DOl•!JA]s The auth<n suggested that such hip~ampa} 

changes may constimte a mo1pl1ological basis f<r the persistent behavioural effects 

demonstrated following chronic exposme to 1HC in rats, effects which resemble those 

of hippocampal brain lesions. These findings are in accord with those of Heath et al 

(1980) with rhesus monkeys and the doses administered co11espond to daily use of 

approximately 6 joints in humans. 

A study by Landfield et al (1988) showed that chronic exposure to 1HC reduced 

the number of nucleoli per unit length of the CAI pyramidaJ cell somal layer in the rat 

hippocampus. The brains of rats treated 5 times per week for 4 or 8 months with 4-10 

mg/kg injected subcutaneously were examined by light and electron microscopy. 

Significant 1HC-induced changes were found in bippocampal structure: pyramidal 

neuronal cell density decreased, and there was an increase in glial reactivity reflected by 

experimentally induced brain lesions. However, no effects were observed on 

ultrastructural variables such as synaptic density. Adrenal-pituitary activity increased 

resulting in elevations of ACTH and corticosterone during acute stress. Toe authors 

claimed that the observed hippocampal morphometric changes produced by 1HC 
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exposure were ~imilar to glucoco,tiooid-Oependent changes that develop in rat 

hippocampus during non,,al aging. They proposed that, given the chemical structural 

similarity between cannabinoids and steroids, chronic exposure to me may alter 

hippocampal anaUlmjcal structure by interacting with adrenal steroid activity. More 

recendy, Eldridge et al (1992) repmted that delta-8-1HC bound with the glucocorticoid 

receptors in the rat hippor.ampus and was displaced by corticosterone or delta-9-1HC. A 

glucocorticoid agonist action of delta-9-1HC injections was demonstrated. Injection of 

corticosterone increased hi~ampal cannabinoid receptor binding. These interactions 

suggest that cannabinoids may accelerate brain aging. 

It should be noted that whclc THC has been administered to monkeys for 6 

months, this represents only 2% of their life span and may not have been long enough to 

detect the gradual effects that could arise from interactions with steroid systems (and 

affect the aging process). In contrast, 8 months administration to rats represents 

approximately 30% of their life span. The differences in the ultrastructural findings of 

Landfield's and Scallett's studies may be due to the largely different doses administered; 

the 8 mg/kg of Landfield' s study was not sufficient to produce any marked behavioural 

effects. Funher, the two studies examined slighdy different hippocampal areas (CAI or 

CA3). 

Most m:ently, SJikkcr and colleagues (1992) reported the results of their 

neurohistochemical and electtonmicroscopic evaluation of the rhesus monkeys whose 

dosing regime, behavioural and histochemical data were reported above. They failed to 

replicate earlier findings: no effects of drug exposure were found on the total area of 

hippocampus, er any of its subfields; there were no differences in hippocampal volume, 

neuronal size, number, length or &giec of branching of CA3 pyramidal cell dendrites. 

N<r WCIC there effects on synaptic length or width, but there were trends toward 

increased synaptic density (the number of synapses per cubic mm), increased soma size, 
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and decreased basilar dendrite number in the CA3 region with roanjuana treatment. 

Slikker et al were able to demonstrate an effect of enriched environments upon 

neuroanatomy: daily performance of operant tasks increased the total area of 

hippocampus and panic11larly the CA3 stramm Oliens, producing longer, more highly 

branched dendrites and less synaptic density, while the reverse occurred in the animals 

deprived of the daily operant tasks,. The extent of drug interaction with these changes 

was not clear and may explain some of the inconsistencies between this study and those 

described above. Qearly, the question of whether prolonged exposure to cannabis 

results in structural brain damage has not been fully resolved. 

The development of tolerance following chronic administration of psychoactive 

compounds is often ,,. «liated by a down-regulation of receptors. Thus, chronic 

exposure to 1HC could result in a decreased number of cannabinoid receptors in the 

brain. Such receptor down- regulation and reduced binding has recently been 

demonstrated in rats (Oviedo, Glowa and Herkenbam, 1993). However, Westlake et al 

( 1991) repmted that cannabinoid tCCeptor properties were not irreversibly altered in rat 

brain <,() days following 90 day administtation of 1HC, nor in monkey brain 7 months 

after 1 year of exposure to marijuana smoke. It was argued that these recovery periods 

were sufficient to allow the full recovery of any receptors that would have been lost 

during treatment. Nevertheless, studies have not yet confirmed the parameters of any 

alterations in cannabinoid receptor oumhet and function that may result from chronic 

exposure to cannabinoids, and the extent of reversibility following longer exposures has 

not been determined. 

4.6.2 Human studies 

There is very little evidence tiom human. studie~ of sttuctural brain damage. In 

their conttoversial paper Olmpbell et al (1971) were the tint to present evidence 
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suggestive of structural/morphological brain damage associated with cannabis use in 

humans. They used. air encephalography to measure ce1ebral ventricular size, and 

cJainKd to have demonstrated evidence of ceiebral atrophy in ten young males who had 

used cannabis for 3 to 11 years, and who complained of neurological symptoms, 

including headaches, memory dysfunction and other cognitive impairment. Compared to 

controls, the cannabis users showed significantly enlarged lateral and third ventricular 

areas. Although this study was widely publicised in the mwia because of its serious 

implications, it was heavily criticised on methodological grounds. Most subjects had 

also used significant quantities of LSD and amphetamines, and the measurement 

technique was cJai11;ed to be inaccurate, particularly since there were great difficulties in 

assessing ventricular size and volume to any degace of accuracy (eg. Bull, 1971; Susser, 

1972; Brewer, 1972). Moreover, the findings could not be replicated. Stefanis (1976) 

reported that echoencephalographic meuurements of the thinl ventricle in 14 chronic 

hashish users and 21 nonusers did not suppon C'.ampbell et al's 

pneumoencephalographic findings of ventricular dilation. 

The introduction of more accurate and noninvasive techniques, in the form of 

computerised tomographic (CT) scans, (also known as computer-assisted tomographic 

(CAT) scans), permitted better studies of possible cerebral atrophy in chronic cannabis 

users (Co et al, 1977; Kuehnle et al, 1977). Co et al (1977), for example, compared 12 

cannabis users recruited from the general con1i1nmity, with 34 non-drug using controls, 

all within the ages of 20 to 30. The cannabis users had used cannabis for at least five 

years at the level of at least 5 joints per day, and most had also consumed significant 

quantities of a variety of other drugs, particularly LSD. Kuehnle et al's (1977) subjects 

were 19 heavy users aged 21 to 27 years, also recruited from the general community 

who had used on average between ~ and 62 joints per month in the preceding year, 

although their duration of use was not reported. CT scans were obtained presumahly at 
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the end of a 31 day study, which included 21 days of ad libitum smoking of marijuana 

(generally 5 joints per day), and were crmpaml against a separate normative sample. 

No evidence f<r cerebral atrophy in terms of ventricular sim and subarachnoid space was 

found in either study. Although these studies could also be criticised for their research 

design (e.g. inappropriate control groups, and the fact that cannabis users had used 

other drugs), these flaws would only have biased the studies in the direction of detecting 

significant differences between groups, yet none were found The results were 

inte,p,eted as a refutation of Campbell's findings, and supporting the absence of cortical 

atrophy demonstrated by Rumbaugh et al' s (1980) CAT scans of monkeys. A further 

study (Hannerz and Hindmarsh, 1983) investigated 12 subjects who had smoked on 

average 1 gram of cannabis daily for between 6 and 20 years by thorough clinical 

neurological eJCamin.ation and CT scans. As in the studies above, no cannabis related 

abnonoaJities were found on any assessment measure. 

4. 7 Conclusions 

Surprisingly few studies of neurotoxicity have been published and the results have 

been equivocal. There is convincing evidence that chronic administration of large doses 

of TIIC leD to residual changes in rodent behaviours which are believed to depend 

upon hippocampal function. There is evidence for long term changes in hippocampal 

ultrastru~ and mmphology in rodents and monkeys. Animal neurobehavioural 

toxicity is characterised by residua] impairment in learning, EEG and biochemical 

alterations, impaired motivation and impaired ability to exhibit appropriate adaptive 

behaviour. Although extrapolation to roan is not possible, the results of these 

experimental studies have demonstrated cannabinoid toxicity at doses comparable to 

those consntt-00 by bumans using cannabis several time~ a day. There is sufficient 
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evidence flom h11rna11 research to suggest that the cannabinoids act on the hippocampal 

region, producing behavioural changes similar to those caused by traumatic injury to that 
• region. 

The cognitive, behavioural and functional responses to long-te1m cannabis 

consumption in animals and man appear to be the most consistent manifestation of its 

potential nemotoxicity. 1be extent of damage appears to be more pronounced at two 

critical stages of central nervous system development: in neonates when exposed to 

cannabis during intrauterine life; and in adolescence, during puberty when 

neuroendocrine, cognitive and affective functions and structures of the brain are in the 

process of integration. As discussed in Chapter 5 with regard to cognitive functioning, 

research needs to investigate the possibility that more severe consequences may occur in 

adolescents exposed to cannabinoids. Human research has defined a pattern of acute 

CNS changes following cannabis administration. lbere is convincing evidence for 

long-lasting changes in brain function after long-term heavy use. Whether or not these 

changes are permanent has not been established. 

Human studies of brain morphology have yielded generally negative results, 

failing to find gross signs of "brain damage" after chronic exposure to cannabis. 

Nevenheless, the results of many human studies are indicative of more subtle brain 

dysfunction. It may be that existing methods of brain imaging are not sensitive enough 

to establish subcellular alterations produced in the CNS. Many psychoactive substances 

exert their action through molecular biochemical mechanisms which do not distort gross 

cell architecture. The most convincing evidence on brain damage would come from 

postmortem studies but this type of information has not been available. 

In 1983, Fehr and Ka]ao~ concluded that "'lbe state of the evidence at the present 

time does not pe1mit one either to conclude that cannabis produces structural brain 
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damage or to rule it out" (p. 602). In 1984, Nahas wrote "The brain is the organ of the 

mind. 0m one repetitively disturb the mental function without impairing brain 

mechanisms? The brain, like all other organs of the human body, has very large 

functional reserves which allow it to resist and adapt to stressful abno1a1,al demands. It 

seems that chronic use of cannabis derivatives slowly erodes these reserves" (p. 299). 

In 1986, Wen and Raulin (1986) proposed, that on the available evidence "there are no 

gross structural or neurological deficits in marijuana-using subjects, although subtle 

neurological features may be present However, the type of deficit most likely to occur 

would be a subtle, functional deficit which could be assessed more easily with either 

psychological or neuropsychological assessment techniques." (p. 624). In 1993, little 

further evidence has emerged to challenge or refute these earlier conclusions. This 

conclusion wu anticipated as early as 1845 by the Parisien physician Moreau when he 

wrote of his observations of chronic hashish smokers (see Frontispiece). 
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CHAPTERS 

CHRONIC EFFECTS OF CANNABIS ON 

COGNfflVE FUNCTIONING 

63 

One of the well-known acute effects of cannabis is to impair cognitive processes, 

so it has long been suspected that cognitive dysfunction may persist well beyond the 

period of acute intoxication, and that chronic cannabis use may cause lasting cognitive 

impai11Dellts. Although considerable research has been conducted into the acute 

cognitive effects of cannabis theJe is a paucity of well controlled studies of the chronic 

effects of cannabis use on cognitive function. This chapter reviews the literature from 

each of several methodological approaches that have been used to investigate the chronic 

effects of cannabis on burnan cognitive functioning. Clinical observations will only be 

covered very briefly, with discussion restricted to either key papers or recent research. 

The pri<rity in this chapter will be given to those burnan studies which made some 

attempts to scientif1C1Jly control for extraneous variables. 

A n•imher of terms which have been used interchangeably throughout the literature 

require definition and clarification at the outset The term "residual", is defined by the 

Concise Oxford Dictionary as '~maining, left over, left as residue or residuum, still 

unaccounted for or not eliminated"; the tc1m "chronic", is defined as "lingering, lasting, 

constant''. While the difference between residual and chronic effects may appear subtle it 

is an impmtant distinction. 

Residual effects are those due to cannabinoid residues which are still present 

within the body, and causing the effect Thus, residual effects may also be classified as 
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subacute effects, (defined by the Oxford Dictionary as "between acute and chronic"), 

which encompass "hangover" effects. 1be implication is that once the residue has been 

eliminatrd from the body, the effects should disappear. 

Chronic effects, on the other hand, while not necessarily permanent, persist 

beyond the phase of elimination of cannabinoids from the body, and hence are not 

attributable to a direct action of cannabinoids. Chronic effects are the result of secondary 

changes induced by cumulative exposure to cannabinoids. Chronic effects, therefore, 

may be relatively enduring deficits in behaviour which presumably reflect changes in 

brain function. Actual structural changes may or may not be observed (see Chapter 4 ). 

This chapter will focus largely on neuropsychological assessments of brain function in 

chronic cannabis users. 

A caveat must be boi11 in mind whilst critically assessing the literature; it is difficult 

to assess the long-tetm consequences of the use of any psychoactive drug. Many factors 

other than drug use must be controlled in <rder to confidently attribute any effects to the 

drug in question. In the case of assessing the effects of drugs on cognitive function, 

these difficulties include: differentiating cognitive impairment that preceded drug use 

from that which may have been drug-induced; accurately determining the duration and 

mQuency of past drug use; and taking acrount of the cognitive effects of multiple drug 

use. All these issues contribute to uncertainty in the attribution of any observed 

impairment to the use of a partic11lar drug (Carlin, 1986). 

5.1 Clinical observations 

C.Onccms about the possibility that chronic cannabis use affected mental processes 

that were promptrd by the acute effects of cannabis were reinforced by early clinical 
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rcpm15 of mental deteri<ntion in long te1m cannabis users. Fehr and Kalant ( 1983b) 

provide a historical review of early clinical observations. In general, the clinical 

literatme suggests that cognitive dysfunction is most often observed in persons who 

have used heavily (at least daily) f<r more tbao one year (Fehr and Kalant, 1983b, p. 

506). 

The most widely cited evidence for clinically significant impairment due to 

cannabis is the work of Kolansky and Mme (1971, 1972). These authors initially 

reported 38 cases of psychiattic symptomatology ranging ftwJ mild apathy through 

pasooality disturbance to psychosis which was observed in adolescents and young 

adults (aged 13 to 24) who had used ma"juana at least twice per week. They later 

presented 13 case teJXX1S of adult psycbiattic patients (aged 20 to 41) who had used 

marijuana m hashish 3-10 times per week or more fm between 16 months and 6 years. 

The clinical picture was one of "very pooc social judgement, poor attention span, 

poor concentration, confusion, anxiety, depression, apathy, passivity, indifference and 

often slowed and slum:d speech" (Kolansky and Moore, lCTJl). Various cognitive 

symptoms begun with cannabis use and disappeared within 3-24 months after cessation 

of drug use. These included: apathetic and sluggish mental and physical responses, 

emotional lethargy, mental confusion, difficulties with recent memory, incapability of 

completing thoughts during verbal communication, loss of interest in life, and 

goalessness. 

The course and reo1ission of symptoms appeared to be c011elated with past 

frequency and duration of caooabis smoking. Those with a history of less intensive use 

showed cm,pletc remission of S)'mptoms within 6 months; those with more intensive 

use took between 6 and 9 months to mcover; while those with chronic intensive use were 

still symptomatic 9 months after discontinuation of drug use. Symptoms were also more 
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rnar1'cd in users of hashish than in marijuana smokers. 

Tennant and Groesbeck (1972) monitored the n;cdical and psychiatric 

consultations of 720 hashish smoking US soldiers in West Germany. Just over half of 

the ,ample wt= occasional users who con~u11;ai between Oto 12 g hashish per month. 

This group only complained of iespiratory ailments. The heavy using group (N = 110) 

who consunial between 50 and <,00 g hashish per month, were described u "chronically 

intoxicared", generally apathetic and displaying impaired memory, judgement and 

concentration. Tennant and Groesbeck followed up nine heavily using patients after 

periods of abstinence, providing one of the few prospective studies to date. Six of the 

nine repmted improvew11ent in me11ny, alertness and concentration following 

discontinuation of use, while the other duce complained of confusion and impaired 

memory for many months after ceasing use of the drug. 

Both Kolansky and Moore, and Tennant and Groesbeck, emphasised the ~imilarity 

between the symptoms they observed in long tc1m heavy cannabis users and those of 

organic brain damage. Kolansky and Moore hypothesised that the use of cannabis: 

"adversely affects ~bral functioning on a biochemical basis. In the mildest 

cases there appears to be a temp<nry toxic reaction when ~mall amounts of cannabis are 

consn1.;ai over a short period of time. However, in those individuals who demonstrate 

stereotyped symptomatology after prolonged and intensive cannabis use, the possibility 

of structural changes in the cerebral cmtex must be raised" (1972, p.41). 

They called fm- investigabOO to assess structural and functional alterations in the 

brains of chronic cannabis users. 

These clinical repons, together with a report of cerebral atrophy in young cannabis 
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users which appeared around the same time (Campbell, 1971), incited substantial 

controversy. Critics were quick to fault the experimental designs and to raise objections 

to the conclusions and extrapolations b&wxi on the evidence. Among these were the lack 

ex objective measures of impairment and the biased sampling from psychiatric patient 

populations. The clinical observations, however, have been largely unchallenged, and 

the consistency of symptoms across repons and cultures is particularly striking. For 

examp'-c, the clinical descriptions of chronic users in India have matched those from the 

West (Olopra, 1971; 1973; Chopra and Smith, 1974; Chopra and Jandu, 1976). 

While clinical observations may raise concerns, they do not provide definitive 

evidence of causality beca11se they are unable to rule out alternative explanations of an 

app~nt association between drug use and symptoms. AJtman and Evenson (Altman, 

1CJ73), for example, examined 158 psycbiattic patients and found 38 cases in which 

cannabis use had preceded such symptoms as confusion, depression, poor judgement, 

anxiety and apathy. In an expl<ntion of possible relationships between other factors and 

psychiattic problems, they found ten other events (such as use of tobacco and beer, 

sexual intercourse, etc) which p1ca:ded the onset of psychiatric symptoms more 

bqucndy than did cannabis use. The authors criticised Kolansky and Moore's failure to 

include from their sample individuals who had used cannabis and did not develop 

psychiattic symptoms. They warned of the scientifically unsound practice of using the 

case history technique to test hypotheses about causal relationships. 

The clinical observations in the early 1970s above were not new. Reports of 

adverse mental effects of cannabis use have appeared throughout history (see Fehr and 

Kalant, 1983a; Nahas, 1984). While the bquency of clinical reports of cognitive 

dysfunction has diminished in the past dec*t this may reflect a decline in their novelty 

and 001ewonhiness rather than any n:ductioo in the incidence of clinical disorders 

~suiting from the chronic use of cannabis. In recent years, clinicians have sought to 
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characterise the specific deficits they observe with chronic cannabis users by integrating 

these into cognitive theory and evidence fnxn empirical research (e.g. Lundqvist, 1991; 

Lundqvist and Ericsson, unpublished manuscript). 

T~tmcnt piograrn1 fer chronic cannabis users have been established which focus 

upon specific meas of cognitive dysfunction, such as verbal and logical-analytic abilities, 

abstraction, psychomotility and memory (Lundqvist and Ericsson, unpublished 

manuscript). There is also converging evidence that the symptom pattern observed is 

very similar to the ~frontal syndrome, which is difficult to measure due to its complex 

effects on h1nnan behaviour (Stoss, 1986). The clinical reports which appeared in the 

early 1970s served to alert the eot1u1umity at large to the possible risks involved in using 

cannabis at a time when the substance was becoming increasingly popular among the 

young in We!iten1 countries, and prompted field studies and better controlled empirical 

research. 

5.2 Cross-cultural studies 

A logical starting point for the investigation of cognitive function in chronic 

cannabis users is to assess pop•JJations of users in countries where the chronic daily 

cannabis use has been an integral part of the culture for many decades, if not centuries. 

This kind of research was pioneered by Soueif (1971) in the largest scale study to date of 

850 Egyptian hashish smokers and 839 controls. In response to public anxiety about the 

epidemic increase in marijuana use in the late 1960s, the National Institute on Drug 

Abuse (NIDA) cornn,issioncd three cross-cultural smdies in countries with longer 

histories of cannabis use than the West, oamcly, Jamaica, Greece and Costa Rica. These 

studies are the most widely quoted and often considered to be definitive and 

~hensivc. This is not so rnucb due to their sample sizes, which were quite small, 
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and therefore limit the conclusions that can be drawn, but mainly because each study was 

multidisciplinary, investigating not only cognitive function, but also medical

physiological status. These studies will each be reviewed in depth, together with other 

studies of non-Western cultures. 

5.2.1 Egypt 

Soueif's Egyptian sample was &un a rna]e prison population which was poorly 

educated, largely illiterate and of lower soci~omic status and hence unrepresentative 

of the general cannabis using populations in the West. Nonetheless, the study provided 

some evidence pertaining to possible long-telm changes in brain function. Significant 

differences were found between users and conttols on ten out of sixteen measures of 

perceptual speed and accuracy, distance and time estimation, imniooiate memory (digit 

span backwank), reaction time and visual-mour abilities, incJuding the Trail Making 

Test (Part A) and the Bender Gestalt test (Soueif, 1971; 1975; 1976a; 1976b). These 

differences in perfo1,,,ance were more marked in the youngest ( < 25 years) and best 

educated urban users than the older, illiterate and rural subjects. 

Soueif concluded that prolonged cannabis use produces subtle deficits in the 

cmtical level of arousal (Soueif, 1976a). He argued that high cortical levels of arousal 

arc associated with high levels of proficiency, and "the lower the non-drug level of 

proficiency on tests of cognitive and psychomotor performance the smaller the si:re of 

function deficit associated with drug taking" (Soueif, 1976b). Soueif called for cross

validation studies, examining women as well as men and cannabis smokers from other 

cultures (e.g. North American). He proposed that the arousal hypothesis reconciled 

various apparently contradictory observations of cannabis-induced effects in the literature 

(Soueif, 1976a). Soueif (1976b) later used the arousal hypothesis to explain the 
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apparendy contradictory research findings of the acute effe-cts of cannabis (e.g. Melges 

et al, 1970a and Tinklenberg et al, 1 '172). 

Soueif's Egyptian study was subsequently criticised for methodological reasons 

(Fletcher and Satz, 1 '177). A major criticism was that the groups differed on a number 

of variables that were relevant to cognitive perf01n>ance, namely, education (with literate 

nonusers being better educated than literate users) and higher rates of opiate and alcohol 

use among the cannabis users. The apparent decrease in differences between users and 

nonuser groups with increasing age was questioned since the oldest subjects bad been 

con,11min.g cannabis f cr the longest period. Additional criticisms were that: the 

experimenter was not blind to the cannabis use history of the subjects; that the large 

sample size biased the results towanls rejection of the null hypothesis making very small 

group differences appear to be "significant". The question was also raised whether a 

"floor effect" had masked potential differences between user and nonusers groups with 

low ability. Fletcher and Satz (1977) also observed that Soueifs results were not 

replicated in the Jamaican, Gieck or Costa Rican studies (which are described below). 

Soueif ( 1977) replied to these criticisms. He attributed the apparent fail me to 

replicate to the use of different measures of performance in the Greek, Jamaican and 

Costa Rican studies. He reported that differences between users and nonusers were not 

related to education, that polydrug use did not worsen test scores, and that floor effects 

and experimenter bias ~ not relevant to measures of speed of perfor,,wnce. In a re

analysis of the data, the distribution and variance of scores indicated that a floor effect 

did not occur, and levels of significance far greater than 0.01 suggested that it wu 

unlikely that the results were artefacts of the large sample size (Soueif, 1977). The main 

findings of Soueif's study were that long term use of cannabis may lead to deficits in 

speed of psychomotor perfo,,aaanc:e, distance and time estimation, immediate memory 

and visuomotor coordination, particularly in young, educated and urban users. 
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However, the validity of these findings remain. under doubt because some of the tests 

used by Soueif do not have established ncuropsychological validity (Carlin, 1986). 

5 .2.2 Jamaica 

Bowman and Pihl (1973) conducted two field studies of chronic cannabis use in 

Jamaica, one with a small sample of 16 users and 10 controls from rural and semi-rural 

amas, and the other with a small urban slum sample of 14 users and controls. Users had 

been vecy heavy daily consunaers of cannabis for a minimum of 10 years (cmrent use of 

about 23 high potency joints/day), while controls had no previous experience with 

cannabis. Tests were selected on the basis of having previously been shown to be 

sensitive to impairment following chronic heavy alcohol use (or other chemical insult). 

They were generally described as "~s of the efficiency of concept farn;ation and 

memory" (Bowman and Pihl, 1973). The groups were matched for age, sex, social 

class, alcohol use, education and "intelligence", but most subjects were illiterate or semi

literate, with an average age of 30. No differences were found between the users and 

nonusers of either study, nor when the rural and urban samples were combined. 

Soucif (l'T/6b) later argued that such a null result would be expected from his 

hypothesis cannabis-induced impai,mcnts were a function of age, urbanism and literacy. 

Bowman and Pihl replied that the controls were sufficiently advantaged in terms of 

literacy to enable any impai1ment in the users to maoi{esL M01eover, their study 

requited only a minimum of 4 hours abstinence prior to testing, which meant that some 

subjects were still intoxicated at the rime of testing. This possibility would only have 

funber biased the test results in favour of finding lower perfo11reance among the users. 

Bowman and Pihl's conclusion was not that long term heavy use does not result in 

cognitive impairment, but that cultmal expectations and test specificity may be important 
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intervening variables. 

A mme extensive study of (j() lower working class males in Jamaica (Rubin and 

Comitas, 1975) came to be regarded u the main Jamaican project (NIDA funded). It 

wu hailed as a major breakthrough in cross-cultural drug research because it used a 

combination of field-based social-scientific evaluation and hospital-based clinical 

evaluation (Rubin and Comitas, 1975). The neuropsychological and personality 

assessments were much more extensive than those conducted in Egypt or Greece. It 

compared 30 users and 30 nonusers matched on age, socioeconomic status and 

residence. The user group which was aged between 23 and 53 years with a mean age of 

34 years, had used cannabis for an average of 17.5 years (range 7 - 37 years) at around 

7 joints per day (range 1 - 24), e,timated to contain 60 mg of 1HC. They had not used 

any substances other than alcohol and tobacco. While it was stated that no control had 

used cannabis heavily in recent years, it is not known whether there had been heavy use 

in the put. At least nine of the controls were cm1cat "occasional" users of cannabis and 

all but 12 of the controls had some experience with cannabis. 

The aim of the study was to determine the long-term effects of cannabis use on 

higher brain function from neurological, neuropsychological, psychiatric and personality 

assessments. A battery of 19 psychological tests were administered, generally after 3 

days of abstinence, as pan of a 6 day inpatient drug-free hospitalisation period during 

which many other clinical and physiological exarnioalions were perfonned. No 

significant physical abno,enaJities were found that could be linked to the use of cannabis. 

Significandy more users than nonusers (8 vs 2 n,spectively) had positive family histories 

of mental illness, but only one subject in each group had a personal history of 

schirophrenif01m psychosis. Further psychiatric assessment found no significant 

differences between groups in disturbances of mood, thought processes or behaviour, 

on extraversion or ncuroticism, criminality or in the incidence of alcoholism. The resting 
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EEG pa11e111 and number of EEG ab1101 o,alities did not differ between groups (see also 

Beaubrun and Knight, 1973). 

The psychological battery of tests employed in this Jamaican srudy, included one 

personality test (Lowenfekl Mosaic Test), three tests of intellecrual and verbal abilities 

(WAIS, Annnons Full-Range Picture Vocabulary Test and the Reitan Modification of the 

Aphasia Screening Test), and 15 neuropsychological tests measming abilities previously 

shown to be affected by acute cannabis intoxication, such as motor strength, speed and 

coordination, short-teim memory, and the ability to maintain attention. Simple and 

complex motor functions were tested by dynamometer, fmger tapping, mare steadiness, 

graduated holes and pegboard. Sensory perception was assessed by tests of tactile and 

auditory stimulation, and tactile f01m and finger-tip writing recognition. Memory and 

attention were measured by the Tactual Pclfmnance Test (child's version), the Time

Sense-Memmy Test and the Seashore Rhythm Test The Indiana-Reitan Category Test 

(child's version) assessed concept formation. Portions of the WAIS, such as the 

Information, Vocabulary and Picture Anangement subtests, were omitted as they were 

judged to be culturally inappropriate. 

Comparisons of the users and nonusers on 47 subtest variables failed to reveal any 

consistently significant differences. There were three statistically significant results 

which were not easily inte,preted and were considered chance findings. There was no 

strong suggestion of diffemices that failed to be detected because of a small sample size 

since the user group scomd better than the nonuser group on 29 variables, albeit 

nonsignificandy. The audas considered their results to be consistent with Bowman and 

Pihl' s Jamaican study, and concluded that "in a wide variety of human abilities, there is 

no evidence that long-tetm use of cannabis is related to chronic impairment" (Rubin and 

Comitas, 1975, p.119). 
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The inteJpretation of these null results as evidence of an absence of effect of 

cannabis on cognitive functioning is complicated by a number off actors that may have 

attenuated differences between users and nonusers. First, the tests used were not 

standardised f<r use in Jamaica. The authors' justification of this was that any cultural 

bias would be the same for both users and controls and therefore would not obscure any 

group differences (Rubin and Comitas, 1975, p.111). However, their attempts to cope 

with cross-cultural differences within the protocol of the study, such as the omission of 

subtests of the WAIS due to subjects' unfamiliarity with the required knowledge and 

skills, serves to weaken the inte1pretation of their results. The authors acknowledged the 

questionable relevance of other subtests but included them in an effon to have some 

metric of comparison of users and nonuscrs. 

Second, there are problems with the inte1pretation of test scores. The lack of 

significance on WAIS subtests, for e,:ample, may be due to a floor effect, reflecting the 

inappropriate nature of test items, which meant that groups had little room to differ. 

Conversely, the use of the children's version of two of the most sensitive tests of higher 

level cognitive functioning (Odcgmy and Tactual Perforcoance Test) might have created 

an artiflCial ceiling that obscumi any drug effects. That is, if tests were either too easy 

or too difficult for both groups, group differences may have been masked by these 

ancf acts. These hypotheses are difficult to evaluate since test score means were not 

published. 

Thild, the inclusion of cannabis users in the control group may have further 

contributed to the lack of significant group differences. Any such effect may have been 

detected had multivariate statistical methods been employed to assess the effect of 

duration and intensity of cannabis use on cognitive perfOicoan.ce. However, no attempt 

was rnade to evaluatc the long-te1m neuropsycbological effects within the user group as a 

function of frequency or duration of use. 
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Fourth, a number of other cultural differences may have confounded the results of 

this study. Jamaican society at the time had a tradition of cannabis use within which 

many viewed the drug as 11iaJicioaJ, benign or even as a work enhancer. This is in 

marked contrut to the Western held beliefs of cannabis users as amotivated "drop outs" 

fnm society because heavy cannabis use precluded work. The cannabis users of this 

Jamaican sample were mainly fa1me1s, fishermen and artisans from rural areas or casual 

urban labourers, who claiucd to increase their work output by using cannabis to relieve 

the monotony of d11ll, repetitive, and laborious work. H only the higher cognitive 

functions are affected by cannabis, the w<X"k perf01,1,ance of rural or manual labourers 

would not necessarily be affected. However, this does not exclude the possibility that 

the long te1m use of cannabis may impair the performance of workers who have more 

complex tasks or those who come from higher socio-e-eonomic groups, for whom mental 

operations may predominate (Fink, 1976b). This sample was poorly educated, with a 

mean of 4.5 years of schooling (equivalent to third grade) so that if Soueif (1976a) is 

correct, there would only be small functional deficits associated with cannabis use. 

5.2.3 Greece 

The Grtek NIDA study (Stefanis et al 1977) e1eamined a sample of 47 chronic 

hashish users and 40 controls matched for age, sex, education, demographic region, 

socioeconomic status and alcohol consumption. The subjects were mostly refugees from 

Asia Minor, residing in a low income, working class area of Athens. The average 

duration of use was 23 years of an estimated daily use of 200 mg per day, and most 

users had smoked hashish on the day before testing, and some had smoked several 

hours before the test session. Controls were slightly better educated than users. 
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Noting that where adverse effects have been reported it has been on those tasks 

requiring concentration and manual dexterity, these researchers administered the WAIS 

and Raven's Progressive Matrices to assess general intelligence and mental functioning 

(Kokkevi and Dombush, 1977). Subtests of the WAIS were used to evaluate the 

possibility of impairme,1t in specific cognitive and perceptual functions. While the 

WAIS was not standani~sed on a Orcck population it had been used by the authors in a 

translated f01m for many years. The Raven's test was considered to be a more culture

free assessment of intelligence and was used for reliability and validity purposes. The 

groups did not differ in global IQ score on either the WAIS or Raven's Progressive 

Matrices, but nonusers obtained a higher verbal IQ score than users. The users' 

perfor •••nee was worse than controls on all but one of the subtests of the WAIS (Digit 

Span), even if not significantly so. Significant differences in performance between the 

two groups were obtained in three subtests of the WAIS: Comprehension, Similarities, 

and Digit Symbol Substitution. Impaired perfo11,aance in the Comprehension and 

Similarities subtests indicates a possible defect in verbal comprehension and expression, 

verbal memory, absttaction and associative thinking. A low score on Digit Symbol 

Substitution (consistently shown to be affected by cannabis acutely) indicates a possible 

defect in visual-motor axrdination and memorising capacity. A trend toward inferior 

perfmmance in the Picture Arrangement test may indicate a dysfunction in logical 

sequential thought 

The inteipretation of these results was complicated by the Jack of a requirement that 

subjects abstain from hashish prior to testing. Consequently, it was not clear whether 

the impairment found on these subtests was related to long-term use of hashish, or 

whether it was due to the pc1slstence of an acute drug effect at the time of testing. The 

poorer pcrfo11,,ance by users was assur1cd to ''reflect their recent use of hashish, as the 

test was given within two hours of smoking hashish by some users" (Kokkevi and 
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Dombush, 1977), an interval that coincided with increased pulse rates, a reliable sign of 
• • • acute mtoxicanon. 

Because the differences between verbal and perforo,ance IQ were similar in both 

groups the authors argued that there was no evidence of deterioration in mental abilities 

in the hashish users. The impaired functioning on tests of judgement and abstract 

thinking (Comprehension and Similarities) were inteipieted as signs of 

psychopathology, even though a cmnparison of subgroups of "mentally ill" and 

"001011]" within the user group tevealed no difference in performance in these subtests. 

The authors attributed the J)O(B'Cr perf01,•1ance by users to "acculturational and 

adaptational processes" rather than to ''logical reasoning abilities". The authors concede 

that "it is possible that the detection of subde intellectual dysfunctions in groups with 

initially low levels of mental functioning are less easily observed" (Kokkevi and 

Dombush, 1977), as occurred in the Jamaican sample and portions of the Egyptian 

sample. 

A subsample of 20 of the G1eek chronic users were administered a brief 

psychometric battery after smoking a given dose of cannabis (Dombush and Kokkevi, 

1976). These subjects had smoked for over 25 years and were assessed on simple tests 

of perceptual-motor ability. This study demonstrated the acute response of chronic users 

to be similar to that of short term users in the United States: psychological test 

perf0Ja1u11'ces were adversely affected by cannabis in a way similar to that observed in 

naive subjects or short tc,m users under acute intoxication. The adverse effects on 

mental functioning were short lived, persisting fm- approximately 70 minutes after 

commencing smoking. Thus, no evidence was provided for tolerance or withdrawal 

effects. The only effect to be infe11ed was that practice effects, although not abolished 

by the con~umption of marijuana, were less than those observed under placebo 

conditions. 



Chapter 5 78 

The authors concluded that long-te1m use does not qualitatively change the general 

response patter11 to acute cannabis administration. Further, no differences were found in 

the EEG changes produced by an acute dose of cannabis in this Greek sample and a 

group of A 11acrican voluntcus; nor were there diffeiences between the two samples in 

resting EEG patterns. 

5.2.4 Costa Rica 

The NIDA study of chronic heavy cannabis users in Costa Rica was modelled 

upon the Jamaican project but with greater sensitivity to aoss-cultural issues. It 

involved an intensive physiological, psychological, sociological and anthropological 

study of matched-pairs of users and nonusers (Carter, 1980). Satz, Fletcher and Sutker 

(1976) rcp<X'led the results of comparing 41 male long-telm heavy cannabis users (on 

average 9.6 joints per day for 17 years) with matched controls on an extensive test 

battery designed to assess the impact of chronic cannabis use on nemopsychological, 

intellectual and personality variables. The educational level of the Costa Rican sample 

wu slightly higher than that of either the Greek or the Jamaican populations, although 

more than half of the user group had not completed primary school, and both users and 

nonusers had co111111enced employment at 12 years of age on average. The users were 

wm-king class, mostly tradesmen with lower than average income, who reponed that 

they often used cannabis augment their work perf011oance in a similar fashion to the 

Jamaican sample. 

The tests included Finger Localisation and Finger Oscillation (tapping) Tests, the 

Tactual Perfor,,,ance Tes~ the Rey-Davis test of nonverbal memory and learning and the 

Wont Leaming and Delayed Recall tests fiom the Williams Memory Battery, Logical 
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Memory from the Wechsler Memory Scale, the Milner Facial Recognition Memory Test, 

the Benton Visual Retention Test, and a shon fmm of the WAIS. These tests were 

ttanslated into Spanish and standardised on a separate sample of the Costa Rican 

population. They were found to be flee of cultural bias, and no floor or ceiling effects 

were demonstrated. Personality was assessed by fmm E of the 16-PF Personality 

Factm Questionnm and an Incomplete Sentence Test All data were subjected to 

appropriate multivariate statistical analyses. 

Despite their long duration and heavy use, the Costa Rican users did not differ 

significantly from controls on any test. Users scored consistently lower, if not 

significantly so, than nonusers on eleven of sixteen variables in the neuropsychological 

test battery. These included the Wmt Leaming, Delayed Recall and the Rey-Davis 

subtests of the Williams Memory Battery, the l.Dgical Memory test of the Wechsler 

Memmy Scale and the Facial Recognition MeDO'y Test Although users' perforoaance 

was poorer, particularl.y in the mean number of e1101s made, learning curves were 

similar for both groups. The authors concluded that there was insufficient evidence for 

significant impainnent of memory function in the chronic cannabis users. 

A multivariate analysis of the 14 variables comprising the WAIS also revealed no 

significant differences between groups. Users perfo,med slightly better on 6 of the 11 

subtests and had a slightly higher verbal and full-scale IQ. A multivariate analysis of the 

16 personality factors and 8 second-order factors of the 16-PF test also revealed no 

significant intergroup differences. An attempt to co11elate test results with level of 

marijuana use yielded no consistent findings. The authors concluded that there was no 

evidence for irreversible brain damage, personality disturbance or cognitive impairment 

due to the chronic use of cannabis. 

A ten year follow-up of the Costa Rican sample was conducted by Page, Fletcher 
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and True (1988). By the time of follow-up, the users had an average 30 years 

experience with cannabis, but the sample size had dropped to 27 of the 41 original users 

and 30 of the 41 controls. The test protocol included some of the original tests as well as 

a number of additional tests which measured shon-te1m memory and attention which 

were selected for their sensitivity in detecting subtle changes in cognitive functioning. 

The new tests included~ the Rey-Oste11ieth Complex-Figure Test, Buschke's Verbal 

Selective Reminding Test, the Self-Paced Continuous Perfata,mnce and Underlining 

Tests, ~sand Trail Making Test Patt A, and the MMPI as a measure of personality. 

No differences were detected on any of the original tests, but three tests from the 

new bat1ery yielded significant differences between users and controls. In Buschke's 

Selective Reminding Test, the user group rettieved significantly fewer words from long

tclm storage than the nonuser group, although the groups did not differ on a measure of 

storage. Users perf011nai more slowly tbaP nonusers in the Underlining Test, with 

panicuJar\y poor perfo1a11ance in the most complex subtest. Differences between groups 

were not a function of practice or purely motor speed. The Continuous Perf01n,ance 

Test also revealed users to be slower than controls on measures requiring sustained 

attention and effortful processing, although there were no differences in co11ect hits nor 

false alarm rates. 

Page et al intetpreted their results as providing evidence that long-term 

consumption of cannabis is associated with difficulties in sustained attention and short

temi memory. 1bey hypothesised that such tests require more mental effort than the 

tests used in the original study, and, as such, the results imply that long-term users of 

cannabis experience greater difficulties with effortful processing. They provided 

anthropological data to further suppmt their hypotheses: users exhibited lower levels of 

mental cffon at w<X'k job than nonusers, although this was confounded by the choice of 

job. Usen tended to w<X'k as labouren, street vendors or in the service industry, while 
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nonusers tended to be craftsmen, store tenders or office managers. Page et al claimed 

that if users "found it difficult to concentrate, especially on tasks that require attention to 

detail", they might be expected to choose jobs that are less demanding in mental 

perfma111nce than the jobs chosen by nonusers. 

This study differs from previous cross-cultural investigations which have failed to 

demonstrate consistent deficits in cognitive functioning of long-term users of cannabis in 

that it found consistent differences between users and nonusers in tests of information 

processing, sustained attention and shon tc1m memory. Nevertheless, Page et al 

emphasised that the diffen,nces they found were "quite subtle" and "subclinical". Only a 

~mall 11urnbcr of subjects were classified as clinically impaired. Because the differences 

are so small and subtle it is difficult to exclude several other alternative explanations 

before concluding that they reflect the longer dmation of use by the sample, or the 

greater sensitivity and specificity of tests used. These alternative possibilities include: 

that the differences were due to the inclusion of the few clinically impaired subjects 

within the sample; and that some of the differences were due to acute intoxication or 

recent use, since 24 hour abstinence was requested, but was not verified. 

5.2.5 India 

Studies of long-telm cannabis use in India commenced with Agarwal et al's (1975) 

examination of chronic bhang drinkers. Bhang is a tea-like infusion of cannabis leaves 

and stems which is drunk, sometimes for m:dicinal purposes. The forty subjects had 

used bhang daily for about 5 years, were less than 45 years of age, reasonably well 

educated with 65% having completed high school and none illiterate. There was no 

control group so scores were compared to normative data on the tests used. By 

comparison with these no1ms, 18% of the bhang users had memory impairment on the 
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Wechsler Memory Scale, 28% showed mild intellectual impairment on the Bhatia Battery 

of Intelligence (IQs less than 90), and 20% showed substantial cognitive disturbances on 

the Bender-Gestalt Visuo-Motor Test. The authors concluded that bhang may cause mild 

impairment in cognitive functions. 

Wig and Vanna (1977) administered a test battery to 23 long-term male users of 

cannabis (comprised of both daily charas smokers and bhang drinkers of at least 5 

years). Eleven of these were matched to a nonusing control group with respect to sex, 

education, income, marital status and occupation. The entire ~ample was compared to 

the eleven conttols on scmes from Raven's Progressive Mattices, Malin's Intelligence 

Scale for Indian Children (adapted from the WAIS), POi Memmy Scale (adapted from 

the WMS), Bender-Gestalt, speed and 'H' marking tests from the General Aptitude Test 

Battery, a colour cancellation test and a time perception test. Users scored significantly 

lower on the tests of intelligence, memory, spaxl and accuracy, replicating Agarwal et 

al's findings, and pointing to problems in memory and concentration associated with 

long-term cannabis use. 

The results of these studies are limited by either the absence of controls or the use 

of poorly matched controls, inadequate consideration of pre-morbid variables, unreliable 

measurement of the duration and severity of cannabis and other drug use, and the use of 

culturally inappropriate psychometric tests or tests that had not been adequately validated 

in the sample pop11Jation. Nonetheless, many of the subjects in these studies were 

extremely heavy users, and the differences in cognitive perfo1ioance could not always be 

explained by the uncontrolled confounding variables. 

Mcndhiratta, Wig and Ve1ma (1978) compared 50 heavy cannabis users (half 

bhang drinkers, half charas smokers of at least 25 days per month for a mean of 10 

years) with matched controls. The entire sample was of low socioeconomic status. 
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Tests were administered after 12 hours abstinence which was verified by overnight 

admission to a hospital ward. The tests included digit span, a recognition test, pencil 

tapping tes~ speed and accuracy tests, a time perception tes~ a reaction time test, a size 

estimation test (most of which were not standardised for the population studied), and the 

Bender-Gestalt and Maudsley Personality Inventory. 

The cannabis users reacted more slowly, and perf01,oed more poorly in 

concenttation and time e~timation. The charas smokers were the poorest performers, 

showing impaiftd memm-y function, lowered psychomotor activity and poor size 

e~tirnation. The fact that the-smokers- were most impaired may be indicative of the 

importance of metabolites f01,,IOO in the production -of cognitive impairment Nine to ten 

years later, Mendhiratta et al (1988) followed up 11 of the original bhang drinkers, 19 

charas smokers and 15 controls. Repeat administration of the original tests showed 

significant deterioration on digit span, speed and accuracy tests, reaction time and 

Bender-Gestalt 

Ray et al (1978) assessed the cognitive functioning of 30 chronic cannabis users 

(aged 25-46) who had used bhang, ganga or charas for a minimum of 11 times/month 

for at leut 5 years, comparing their perfOJa•iaore to that of 50 randomly selected nonuser 

controls of similar age, occupation, socioeconomic status and educational background. 

Few differences w~ found on tests of attention (e.g. digits backwards, serial 

addition/subtraction), visuo-motor coordination (e.g. the Minnesota Perceptuo

Diagnostic Test) or memmy (the PGI Memory Scale). Cannabis users perf01naan,ce was 

impaired on one of the subtests of the memory scale. However, the matching of subjects 

was not rigorous and the fact that all subjects were illiterate may have produced a floor 

effect masking differences between groups. As Fehr and Kalant (1983) noted, the raw 

POi memory scale scores for both users and controls in this study were as poor as those 

of the cannabis user group in the study of Wig and Varma (1977). 
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Varma et al (1988) administered thineen psychological tests selected to assess 

intelligence, memory and other cognitive functions, to 26 heavy marijuana smokers and 

26 controls matched on age, education and occupation. The average daily intake of the 

cannabis users was estimated as 150 mg 1HC, with a frequency of at least 20 times per 

month, and a mean duration of use 6.8 years (minimum 5 yrs). Twelve hours 

abstinence was ensured by overnight hospitalisation. The tests included a pencil 

tapping, rime perception, reaction time, s~ e~timation, Trail Making (Fo1m A), Bender

Gcstalt, Nabor and Benson visuo-spatial reproduction, Standard Progressive Matrices, 

W AIS-R Verbal Scale, Bhatia's Shon Scale (measure of IQ), POi Memory Scale, Hindi 

Psychoticism, Extraversioo and Neuroticism Scale, and a disability assessment 

schedule. Varma et al reported that the POi MellD")' Scale was a locally developed and 

validated adaptation of the Wechsler Memmy Scale which assessed memory function in 

10 different domains. 

Cannabis users were found to react more slowly on perceptuomotor tasks such as 

the pencil tapping and reaction time tests, but did not differ from controls on the tests of 

intelligence. When the scmes of all the memory tests were combined, there was no 

difference between the total scmes of cannabis users and controls, although cannabis 

users sco1ed significantly more poorly on a subtest of recent memory. There were 

trends towani poorer perfo1t•l81'CC on subtests of remote memory, immediate and 

delayed recall, retention and recognition. Users suffered disability in personal, social 

and vocational areas and indicated somewhat higher psychoticism and neuroticism 

SC<X"es. The authors concluded that impairment of cognitive functions associated with 

long-tetm heavy use of cannabis was more apparent in perceptuomotor tasks than in tests 

of intelligence or memory. Nevenheless, the perceptuo-motor tests employed in this 

study were of questionable validity, with particularly poor measures of reaction time and 

speed of responding, while the measures of memory function may have reached 
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significance had a larger sample been tested. This suggests that any cognitive deficits 

due to cannabis may be specific to particular aspects of short-term memory. 

5.2.6 Summary 

The results of the cross-cultural studies of long-term heavy cannabis users served 

to allay concerns about the consequences of cannabis use since overt signs of "brain 

damage" as measured by psychological tests were not found among heavy long-term 

cannabis users. 1bere was equivocal evidence for an association between cannabis use 

and more subtle long tetm cognitive impairments. 

Given that cognitive impairments are most likely to be found in subjects with a 

long history of heavy use, it is reassuring that most such studies have found few and 

small differences. It is unlikely that the negative results of these studies can be attributed 

to an insufficient dmation or intensity of cannabis use within the samples studied. For 

example, the duration of cannabis use averaged 17 .5 years and the daily 1HC level 

conslan-od ranged from an estimated 20-90 mg daily in Rubin and Comitas's Jamaican 

study; 23 years and 120-200 mg daily in the Greek sample; and 16.9 years and 20-160 

mg daily in the initial Costa Rican study. 

The absence of differences is all the more unexpected since a number of factors 

may have biased these studies towanl finding poorer performance among cannabis 

users. These include: higher rates of polydrug use, poor nutrition, poor medical care, 

illiteracy among users; and the failure in many studies to ensure that subjects were not 

intoxicated at the time of testing, which would have increased the likelihood of detecting 

impairment The use of a laboratmy test to detect recent marijuana ingestion in studies 

with positive results would have been helpful in ruling out acute effects as the cause of 
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the apparent impaimd perf mnance among usen. Given the generally positive biases in 

these st1xlies it has been argued that if cannabis use did produce cognitive impairment, a 

larger number of these studies should have shown positive results (Wert and Raulin, 

1986b). 

The force of this argwnent is weakened, however, by the fact that most of these 

studies suffered from nu11aero11S other methodological difficulties which.may have 

operated against finding a difference. First, the instruments most often used for 

assessment have been developed and standanlised on Western populations. Second, 

many of these studies were based on small samples of questionable representativeness 

and subject to sampling bias, since only subjects who could be reached and were willing 

to participate were included in the studies while others possibly not equally resistant to 

drug-induced impairments might have been missed. Third, a number of studies failed to 

include a control group while othen used inappropriate conttols. Founh, generalisation 

of the results of these studies to usen in the West or other cultures is difficult in given 

the predominance of illiterate, rural, older and less intelligent or less educated subjects in 

these studies. Fifth, the studies were limited by their investigative instrumentation which 

may only be capable of detecting gross deficits at a group level. Sixth, few attempts 

were made to examine relationships between neuropsychological test performance and 

frequency and duration of cannabis use. Such an evaluation would rule out possible 

within-group differences in chronic users. 

In terms of the specific deficits reported, slower psychomotor performance, poorer 

perceptual motor coordination, and memory dysfunction were the most consistently 

rcponed deficits. Of the studies that specifically included tests of memory function, four 

detected pc1sistent shmt-term mcmmy and attentional deficits in chronic cannabis users 

(Page, 1988; Soueif, 1976a; Vanna, 1988; Wig, 1977), while three detected no such 

deficits (Bowman, 1973; Satz, 1976; Mendhiratta, 1978). Impairments were most 
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frequently found on such tests as the Wechsler Memory Scale, the Bender-Gestalt test, 

Buschke's Selective Reminding Test and the Continuous Performance Test of 

Buchsbaum and Sostek. The measures of short-term memory were often inadequate, 

failing to determine which processes may be im~ (eg. acquisition, storage, 

encoding, retrieval) and often with an exclusion of higher mental loads and conditions of 

distraction. A proper evaluation of the complexity of effects of long te1m cannabis use 

on higher cognitive functions requires greater specificity in the selection of assessment 

methock as well as the use of more sensitive tests. 

5.3 Studies of Young Western Users 

A number of empirical studies have been conducted on the cognitive perfo111aance 

of Anlerican or Canadian cannabis users. Most of the subjects in these studies have been 

young and well educated college studerits with relatively short-term exposure to cannabis 

in comparison to the long use history among chronic users in the cross-cultural studies. 

In 1970 Hochman and Brill (1973) smveyed a large sample of college students 

(N=l400). The umple comprised nonusers (65.5%), occasional users (26%), and 

chronic users (8.5%) defined as those who had used three times/week for three years or 

had used daily for two years. They fowid no evidence of an "amotivational syndrome" 

in terms of lethargy or social and personal deterioration, but did demonstrate significant 

psychosocial differences between users and nonusers. Marijuana users were more 

rebellious, reckless, questioning and anti-authoritarian. Chronic users were less certain 

of long-term life plans than nonusers, although there wu no relationship between either 

frequency or duration of use and academic achievemenL About 1 % of marijuana users 

were estimated to suffer from impaired ability to function due to their use, but such loss 
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of ability was subject to large individual differences and variability. 

In a follow-up of the original sample over two consecutive years (1971: N=l 133; 

1972: N=901), Brill and Christie (1974) assessed nonusers, occasional users(< 2 / 

week), frequent (2-4 / week), and regular users ( ~ 5 / week) by a self-report 

questionnaire. The majority of users pereeived no effect of cannabis use on most areas 

of psychosocial adjusn,ea1t. A ~mall proportion (12.3%) reponed that their academic 

performance had declined and they were more likely to reduce their frequency of use or 

to quit There were no significant differences found between users, nonusers or f01mer 

users in grade point average. Cannabis users were more likely to drop out of college and 

had greater difficulty fo1mulating life and career goals; fewer users planned to seek 

advanced academic degices and more considered themselves to have poorer academic 

adjustment. Whether these attributes preceded cannabis use or were caused by it, is 

impossible to determine. It may be argued that such differences do not necessarily 

reflect impairment nor are they harmful. Indeed, the authors concluded that in a 

"functioning, intelligent undergraduate university population", few deleterious effects 

could be attributed to the use of the drug. 

Entin and Goldzung (1973) conducted two studies of the residual impact of 

cannabis use on memory processes. In the first study, verbal memory was assessed by 

the use of paired-associate nonsense syllable (CVC) learning lists. Twenty six cannabis 

users (defmed as daily for at least 6 months, but the range of use not reponed) were 

compared to 37 nonusers drawn from a student population. Cannabis users scored 

significantly more poorly on both fice recall (the number of words recalled after a delay) 

and on acquisition, measured as improvement in recall over repeated trials. 

In the second study, verbal and numerical memory were tested by the presentation 

of wmi lists, interspersed with Wendt three step arithmetic problems prior to recall. 
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Cannabis users (N=37) recalled significantly fewer words than nonusers (N=37), but 

did not differ from controls on arithmetic test scores. The lack of an effect on the 

arithmetic tests was interpreted as a function of the short length of time during which 

nu111Cric information must be stored for further manipulation, rather than being due to 

any numerical memory functions per se. That is, the verbal memory tasks required 

longer-te1m storage of information prior to retrieval. 

These findings were intc1preted as residual impairment of both the acquisition and 

~all phasc1 of long-term memory pocesses. 1be authors attributed the impairments to 

either an enduring residual pharmacological effect on the nervous system, or to an altered 

learning or attention patte111 due to repeated exposure to cannabis. No details were 

provided with regard to the length of abstinence prior to testing, however. The authors 

stated that subjects were as~111,Kd "not to be under the influence of marihuana or any 

other drug during the testing situation. Any who were suspected were asked to return at 

another time for testing" (p.171 ). 

Grant et al (1973) smdied the effects of cannabis use on test performance on 8 

differences between 29 cannabis users (of median 4 year duration and frequency 

3/month) and 29 age and intelligence matched nonusers on 7 of the 8 measures. Users 

perf01•oed more poorly on the localisation subtest of the Tacmal Perfo1naance Test. 

These subjects were very select in that they were only light users, and as medical 

students were obviously functioning well. The failure to find any difference in sensory

motor integration or im,,; nliate sensory memory was later replicated by Rochford, Grant 

and La Vigne (1977) in a comparison of 25 users (of at least 50 times over a mean 3.7 

years) and 26 controls matched on sex, age and scholastic aptitude scores. By limiting 

their samples to populations of successful students, these studies are flawed in the 

reverse direction to the reports of Kolansky and Moore (1971; 1972). 
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Weckowicz and Janssen (1973) compared eleven maJe college students who 

smoked cannabis 3-5 times/week for at least 3 years with nonusers who were matched 

on age, education and socioeconomic and cultural backgrounds. They were assessed on 

a variety of tasks designed to measure field dependence, personality traits, social 

attitudes and values, as well as cognitive function. Users performed better than controls 

on 8 of the 11 cognitive tests but performed more poorly on the Guilford Number 

Facility, suggesting that chronic use may affect sequential information processing. 

Otherwise, there was no evidence of organic brain damage or gross impairment of 

cognitive functioning. Weckowicz and Janssen followed Stefanis's group by 

inteip1eting their findings in terms of social deviance, lack of confo1mity, rebelliousness 

and alienation. 

In a cross-validation of their previous findings, Weckowicz, Collier and Spreng 

(1977) compared 24 heavy smokers (at least daily for three years) belonging to the 

"hippie subculture" with nonuser conttols matched for age (mean 22.5), education (mean 

13.5 years), and social background. Cognitive functioning, personality traits and social 

values were assessed using the same test battery as used previously, with addition of the 

selective listening task (Tteisman, 1964b), Wechsler Memory Scale, Miller Analogies 

Test, Utility Test, Word Association Test and Association Test. Cannabis users once 

again perfor,,-:d better on tests of "originality and cognitive ability", and scored 

significantly better on the selective listening task, leading the authors to interpret this as 

users having "better oonttol of attention processes" and showing no signs of cognitive 

impai•ment The measures analysed in the selective listening task were not reponed. 

The cannabis users were also more likely to be current polydrug users, and to have used 

LSD, psilocybin, cocaine, amphetamines and heroin. 

Culver and King ( 197 4) used the Halstead-Reitan Battery, the WAIS, the Trail 
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Making Test, the Laterality Discrimination Test, 3 tests of spatial-perceptual abilities and 

the MMPI, to examine the neuropsychological perforn,ance of three groups of 

undergraduates (N=14) from classes in two successive years. These were: marijuana 

usen (of at least twice/month for 12 months), marijuana plus LSD users (LSD use of at 

least once/month fm 12 months), and non-drug users. Significant differences appeared, 

disappeared and reappeared among the groups and classes in different years. The only 

consistent difference was on the Trail Making Test, on which the cannabis group 

perforo-00 significantly better than the cannabis plus LSD group, who also used more 

cannabis, but cannabis users did not differ from nonusers. 

Gianutsos and Litwack (l'T16) compared the verbal memory perforn,ance of 25 

cannabis smokers who had used fm- 2-6 years and at least twice/week for the last 3 

months, with 25 nonsmokers who had never smoked cannabis. Subjects were drawn 

from an undergraduate university smdent population and were matched on age, sex, year 

at university, major and grade average. Cannabis users were "asked not to smoke before 

the experiment" and gave verbal report that they had not "smoked recently" prior to the 

time of testing, although the length of abstinence was not reported. 

The task was a 01odification of the Peterson-Peterson paradigm which allows 

examination of short- versus long-te1m storage of verbal information. In the original 

version of the task, arithmetic manipulations intervened between word presentation and 

recall. The modified task substituted further word reading for the arithmetic, arguing 

that such an interference task would prevent rehearsal of words and displace the to-be

~aJJed words from short- to long-term storage. In interference tasks of this kind, the 

number of words recalled is a function of the number of postlist interference task words. 

Subjects were required to recall the first three words from a list of 5, 9 or 13 words read 

aloud, and the forced reading of 2, 6 or 10 words constituted the postlist reading task. 
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Cannabis users recalled significantly fewer words overall than nonusers, and the 

difference in perfo1,11Bnce increased as a function of the number of postlist words. 

Users also generated significantly more intrusion e11ors than nonusers. The authors 

concluded that the chronic use of cannabis interfered with the transfer of information 

from shmt- to long-te1m storage. 

Carlin and Trupin (1977) assessed ten no,,1,al subjects who smoked marijuana 

daily for at least 2 years (range 2.5 - 8, mean 5; mean age 24; mean years education 

14.6) and who denied other drug use. They administered the Halstead 

Neuropsychological Test Battery after 24 hours abstinence. No significant impairment 

was found by comparison with nonsmoking subjects matched for age, education and full 

scale IQ. Cannabis users perf01,-ial faster on the Trailrnaking Test Part B, a test 

sensitive to frontal damage. Carlin and Trupin concluded that ''relatively long-term 

chronic marijuana use does not impair an individual's ability to solve complex cognitive 

tasks iequiring recurrent observations of subtle stimulus characteristics, to manipulate 

complex visual motor problems, to answer questions dependent on prior learning, and to 

be accurate in identifying sensory stimulations, both unilateral and bilateral" (p. 622). 

They acknowledged, however, that their sample was ~mall and that perhaps less bright 

individuals may be at greater risk of developing impairments. 

In 1981, Schaeffer et al (1981) reponed no impairment of cognitive function in one 

of the first studies of a prolonged heavy cannabis using population in the United States. 

They assessed ten long-term heavy users of ganga, aged between 25 and 36 years, all of 

whom were Caucuian, and had been born, raised and educated in the USA (mean years 

of education 13.5). All had smoked between 30 and 60 gms of cannabis (> 8% 1HC) 

per day for a mean of 7 .4 years for religious reasons and were active members of a 

ieligious sect They had not com111\i00 alcohol or other psychoactive substances. While 

this sample contained cannabis users who had not used any other substances, it is not 
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known what other confounding variables may have been inttoduced as a result of the 

pecuJianties of belonging to a religious sect. Such a sample may not be representative of 

the general cannabis using population of Western cultures. 

This study was also one of the first to use a laboratory test to assess levels of 

bodily cannabinoids. Schaeffer et al reported that at the time of testing, all subjects had 

at least 50 ng/ml cannabinoids in their urines but they also stated that subjects smoked 

continuously, even during the testing session. Qearly, heavy users such as these would 

have developed tolerance to many of the effects of cannabis. The tests which were 

selected to assess intellectual function included the WAIS, the Benton Visual Retention 

Test, the Rey Auditory-Verbal l.aming Test, Symbol-Digits ModaJities Test, Hooper 

Visual Organi7ation Test, Raven's Progressive Matrices and Trail Making (Parts A and 

B). Since there was no control group, the data was compared with the standardised

normative information available for each test An attempt was also made to obtain a 

measure of premmbid intellectual functioning. The authors obtained IQ measures from 

school assessments f<r two of the subjects, which were virtually identical to those 

measured in the study. Overall, WAIS IQ scores were in the superior to very superior 

rmge, and the scores of all other tests were within no1,,,al limits for age. 

Despite the heavy and prolonged use of cannabis, there was no evidence of 

impairment in the cognitive functions assessed, 11amely, language function, non

language function, auditory and visual remote, recent and immediate memory, or 

complex multi.modal learning. The authors suggested that tolerance may develop to one 

or more of the constituents of cannabis, explaining the lack of impairment. Further, it is 

possible that the superior to very superior intellect of these subjects may have allowed 

them to compensate for the effects of cannabis, and perhaps they would have performed 

not only within no1a,,a] limits, but at a superior level had they not smoked cannabis. 
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5.3.1 Summary 

The results of these empirical studies served to allay fears that cannabis smoking 

caused gross impairment of cognition and cerebral function. The lack of consistent 

findings failed to support Kolansky and Moore's (1'171, 1972) clinical repons of an 

organic-like impairment. However, some critics (e.g. Cohen, 1982) have argued that 

the lack of evidence f<r impairment in these studies may be a function of their small 

sample sizes and potentially biased sampling techniques. By focussing on college 

students, it is suggested, these studies have sampled from a population unlikely to 

contain rnany impaired persons. The samples of younger, brighter and "successful" 

users may reflect the survivors whereas Kolansky and Moore reponed on the casualties. 

However, such hypotheses conflict with the explanations provided for the lack of 

evidence of impairment in the cross cultural studies. Soueif's proposition, for example, 

was that the lower the nondrug level of proficiency, the smaller the si~ of functional 

deficit associated with drug usage. This would imply maximal differences at the high 

end of cognitive ability. Perhaps the argument could be rephrased in terms of 

maximising the possibility of detecting impairment by sampling from a broader range of 

ability, minimising the possibility of sampling bias and floor and ceiling effects. In any 

case, Soueif's claim that the greatest drug-induced impairment would occur in users with 

the highest levels of arousal, i.e. those for whom mental operations predominate (Fink, 

1976b), was not supponed by these studies of college students. 

A more pertinent explanation for the lack of impairment is that the duration of 

cannabis use in these samples was quite brief, generally less than 5 years. It has been 

argued that at the time, cannabis smoking in Westctn countries had not existed long 
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enough for impairments to emerge. Further, when psychometric testing was used as a 

metric of cognitive function as opposed to self-repon questionnaires, sample sizes were 

often too small to permit the detection of any but very large differences between groups. 

However, not all studies found negative results. A small number of studies did 

find significant impairments in their cannabis using populations. What distinguished 

those studies that found differences between users and nonusers from those that did not? 

The answer may lie in the specificity of assessment methods. Rather than administering 

a standanl psychometric test battery or tests of general intelligence, the studies that found 

differences selected tests to assess a specific cognitive function (memory), and attempted 

to determine the specific stages of processing where dysfunction occurred. Entin and 

Goldzung ( 1973 ), for example, found that users were impaired on both verbal recall and 

acquisition of long-term surage memory tasks, but not on arithmetic manipulations 

which ~uire shon term storage of information. Gianutsos and Litwack ( 197 6) used an 

interference condition in the verbal recall memory paradigm, thereby increasing the 

complexity of the task Impairments became more apparent in the users as the 

interference increased, suggesting that cannabis use may affect the transfer of 

information from shon to long telm storage. 

Given the lack of self-awareness of such deficits, self-reJX)rt questionnaires would 

not be able to detect such an impairment In the other studies, the only assessment of 

memory function was the inherent components of memory, alertness and concentration 

throughout all tests of the Halstead-Reitan Battery. Reitan himself acknowledged that 

their test battery "is probably not as specifically represented in terms of the memory 

factor as it might be" and that "it might be of value to include supplementary tests of 

memory" for proper evaluation (1986, p. 10). 
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5.4 Controlled laboratory studies 

A different approach to the investigation of the cognitive consequences of chronic 

cannabis use is taken in laboratory studies of the effects daily cannabis use over periods 

of weeks to months. These studies have attempted to control for variation in quantity, 

frequency and duration of use, as well as other confounding factors such as nutrition and 

other drug use, by having select samples of subjects reside in a hospital ward while 

receiving known quantities of cannabis. All of these studies employed pre- and post

drug observation periods, and could be thought of as a short f01m of longitudinal 

research. Because of the expense of such studies, ~ample sizes have generally been 

were ~mall and the duration of cannabis administration has ranged from 21 to 64 

consecutive days. 

Dombush et al (1972) administe!OO 1 g of marijuana containing 14 mg THC to 5 

regular smokers (all healthy young students) for 21 consecutive days. The subjects were 

tested i11unediately before and 60 minutes after drug administration. Data were collected 

on subjective ratings of mood, clinical observations, short-term memory and digit 

symbol substitution tests, and physiological signal recordings. Four subjects 

demonsttated partial tolerance to the euphoric effects of cannabis after the first week. 

Perfo1,i1ance on the short-term memory test decreased on the first day of drug 

administration but gradually improved until by the last day of the study perfo1111an.ce had 

returned to baseline levels. On the post-experimental day baseline performance was 

surpassed. Perfo1,nance on the digit symbol substitution test was unaffected by drug 

administration and also i11q,roved with time, suggesting a practice effect. There was 

evidence of a cumulative effect of THC on behaviour and no withdrawal symptoms were 

observed after the end of administration. The authors interpreted their results as 

showing "the apparent safety of smoking 14 mg/day 1HC for 3 weeks". 
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Mendelson, Rossi and Meyer (1974) reponed a 31 day cannabis administration 

study in which 20 healthy, young male subjects (10 casual and 10 heavy users, mean 

age 23) were confined in a research ward and allowed 21 days of ad libitum marijuana 

smoking. A multidisciplinary battery of tests (psychiatric, psychological, physiological, 

biochemical and sociological) were administered during: a 5 day drug-free baseline 

phase, the 21 day smoking period, and a 5 day drug flee recovery phase. Acute and 

repeat dose effects of marijuana on cognitive function were studied with a battery of 

psychological tests known to be sensitive to organic brain dysfunction (WAIS, Halstead 

Category Test, Tactual Perf0111aance Test, Seashore Rhythm Test, Finger Tapping Test, 

Trail Making Test). 

Overall, there was no oven impairment of perfo, ,oaTicc prior to or following 

cannabis smoking nor was there any difference between the perfo1oaance of the heavy 

and the casual users. Short teim memory function, as assessed by digit span forwards 

and backwards, was impaired whilst intoxicated and there was a relationship between 

performance and time elapsed since smoking. An interesting fmding was that subjects 

pcrf01,oed better when they were aware that the effects of cannabis smoking on memory 

were being assessed, than when they were not. This was interpreted as evidence that 

the: 

"acute deleterious effect of marihuana on ability to perform on a memory task may 

not be a reflection of direct impairment of neuronal systems subserving memory, but 

rather a reflection of what a person chooses to attend to while under the influence of the 

drug" (p. 180). 

Reed ( 1CJ74) reponed that two of the subjects in each group showed "unequivocal 

evidence of impairment" in some aspect of cognitive or motor functioning. Two of the 

heavy users perfo,,-!00 quite poorly on the Trail Making Test, and they and two casual 
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users showed no consistent patterns of improvement on other tests. Their scores were 

lower than would have been predicted on the basis of their IQ scores and educational 

background. The probability of detecting such impairment in the nonnal population of 

healthy young adults would be low but it was not possible to find any relationship to 

prior history of cannabis use. The authors claimed that tolerance did not develop to the 

impairing effect of cannabis over the 21 day period, and that there were no indications 

that cannabis interfered with the ability of subjects to improve their performance with 

practice, which could be interpreted as a result of the development of tolerance. 

Rossi and O'Brien (1974) assessed memory and time estimation in the same 

sample of subjects. They wanted to explore the possible mechanisms of the observation 

that marijuana produces a subjective impression that time is passing slowly. One 

hypothesis is that of a direct pharmacological action on neuronal systems serving as a 

"biological clock". Another possibility is that altered time perception is incidental to the 

effects of cannabis on perception, memory and organization of thought, with a loosening 

of associations and the rapid flow of ideas speeding up the subjective sense of time. A 

funher possibility is that short-term memory impairment may intetfere with a sense of 

temporal continuity which is an essential element in time perception. 

The msults of the study suggested that the effect on time perception was mediated 

directly through the action of 1HC on the central nervous system. They found a short 

term acute effect on time perception (speeding up of the internal clock), and a longer

lasting compensatory effect (slowing of the internal clock) which parallelled the 

stimulatory and depressant effects of the drug. Tolerance to the acute effect on time 

perception developed during the 21 day period. 

Similar failures to detect cognitive effects have been reported by three other groups 

of investigators. Frank et al (1976) assessed short te1m memory and goal directed serial 
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alternation and computation in healthy young males over 28 days of cannabis 

administration. Harshman et al (1976) and Cohen (1976) conducted a 94 day cannabis 

study in which thiny healthy moderate to heavy male cannabis users, aged 21-35, were 

administered on average 5.2 joints per day (mean 103 mg me, range 35-198 mg) for 

64 days and were assessed on brain hemisphere dominance before, during and after 

cannabis administration. Psychometric testing was not employed, but subjects were 

given two work assignments with financial incentive; a "psychomotor" task involving 

the addition of two columns of figures on a calculator, and a "cognitive task" of learning 

a foreign language. No long term impairments were detected with these somewhat 

inadequate assessment materials. 

5.4.1 Summary 

The experimental studies of daily cannabis usage for periods of up to 3 months in 

young adult male voluntee1s have consistently failed to demonstrate a relationship 

between marijuana use and neuropsychological dysfunction. This is not surprising 

given the shon periods of exposure to the drug in these studies. Furthermore, since 

subjects served as their own controls, and had all used cannabis for at least one year 

prior to the study, it would be surprising if an additional few months of cannabis 

produced any significant decrements in perfo1eoance. It may take many years for subtle 

impairments to be detected. 
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5.5 Recent research 

The equivocal results of the early investigations into long term effects of cannabis 

on cognitive function, together with the problem of relatively shon exposure in Western 

cultures, led to something of a hiatus in research on the cognitive effects of cannabis in 

the 1980s. Although the acc11mulated evidence indicated that cannabis did not severely 

affect intellectual functioning, uncertainty remained about more subtle impairments. 

Their study required advances in methodology and assessment techniques. Repons of 

mental deterioration and impaired cognitive functioning in cannabis users continued to be 

reponed in the clinical literature (eg. NIDA, 1982) and anecdotally. 

In the meantime, considerable advances were made in the field of cognitive 

psychology and neuropsychology. There were substantial theoretical developments in 

the fields of cognition, memory function and information processing, and more sensitive 

measures of cognitive processes were developed. Moreover, by the late 1980s, it was 

no longer the case that the use of cannabis was a relatively recent occU1TCnce in Western 

societies. Indeed, cannabis use had become so widespread, and was being used at a 

progressively younger age, to revive interest in the issue. 

Research from the late 1980s through the 1990s improved upon the design and 

methodology of previous studies in a number of ways. It ensured the use of adequate 

conttol groups, attempted to verify abstinence flom cannabis prior to testing, and 

attempted to precisely quantify the levels of cannabis use. In addition, there has to some 

extent been a narrowing of focus on the cognitive functions assessed, with greater 

attention to investigating specific cognitive processes and relating impairments in them to 

the quantity, frequency and duration of cannabis use. 
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The greater specificity in focus has been made possible by accumulating evidence 

fiom previous research, and advances in pharmacology and biochemistry, which 

suggests that cannabis primarily exens its effect upon those areas of the brain 

responsible for attentional and memory functioning. Miller and Branconnier (1983), for 

example, reviewed the literature and concluded that the effects of cannabis on human 

memory is the single most consistently reported psychological deficit produced by 

cannabinoids acutely, and the most consistently detected impairment in studies of long

telDl cannabis use. They proposed that the observed deficits in attention, memory 

consolidation and sequential-integration behaviours were JJYdiated by the cholinergic 

limbic system, particularly in the septal-hippocampal pathway. 

This proposal was supponed by an earlier study which reported the similarity 

between cannabis-induced impairments of memory and those due to hippocampal 

damage (Drew et al, 1980). Performance of hippocampally lesioned patients on a battery 

of psychometric tests thought to assess various aspects of auditory and visual recent 

memory and mental set shifting, were compared to retrospective data from cannabis 

intoxicated subjects. Tests for comparison included the Babcock Story Recall, digit 

span, paired-associate learning, and the Benton Visual Retention Test (for patients) or 

the similar Army Designs task (for marijuana intoxicated subjects). When compared to 

controls, the two groups exhibited similar impairments of memory function, although the 

cannabis intoxicated subjects produced significantly more intrusion e11ors. 

Intrusion e11ors are one of the most robust phenomena of cannabis-induced 

memory deficits in tasks of both recall and recognition (Miller and Branconnier, 1983). 

Such e11ors involve the introduction of extraneous items, word associations or new 

material during fiee recall of words, or the identification of false or previously unseen 

items in recognition. Miller and Branoonnier conjectured that the mechanism causing 

intrusion CIIOi~ was the failure to exclude irrelevant associations or extraneous stimuli 
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during concenttation of attention, a process in which the hippocampus plays a major 

role. The fmding of high densities of the cannabinoid receptor in the cerebral conex and 

hippocampus (Herkenham et al, 1990) supports the hypothesis that cannabinoids are 

involved in attentional and memory processes. Past studies of long-term effects of 

cannabis have not used sufficiently specific nor sensitive measures of such processes. 

It is also imp<X1ant to note that most past studies have been conducted on adults, 

while the effects of long-term cannabis use on the young have not been adequately 

addressed. With an increase in the prevalence of cannabis use among adolescents and 

young adults in Westc111 society, there has been a growing concern about its possible 

impact on the psychological development of young people. This is imponant because of 

the possibly deleterious effects of such a psychoactive substance upon psychosocial 

adaptation and maturation dming their formative years, and the effects on cognition, 

learning and scholastic achievement 

In the fmt study of its kind with adolescents, Schwartz et al ( 1989) reported the 

results of a sma11 but carefully controlled pilot study of persistent short-term memory 

impairment in 10 cannabis-dependent adolescents (aged 14-16 years). Schwartz's 

clinical observations of adolescents in a drug-abuse treatment program suggested that 

memory deficits were a major problem, which according to the adolescents persisted for 

at least 3 to 4 weeks after cessation of cannabis use. His sample was middle-class, 

Nonh American, matched for age, IQ and absence of any previous learning disabilities 

with 17 controls, 8 of whom were drug abusers who had not been long-term users of 

cannabis, and another 9 had never abused any drug. The cannabis users consumed 

approximately 18 g per week, smoking at a frequency of at least 4 days per week (mean 

5.9) for at least 4 consecutive months (mean 7.6 months but the range was not reported). 

Subjects with a history of excessive alcohol or phencyclidine use were excluded from the 

study. Cannabinoids were detected in the urines of 8 of the 10 users over 2 to 9 days. 
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Users were initially tested between 2 and 5 days after entry to the treatment 

program, this length of time allowing for dissipation of any obvious short-term effects of 

cannabis intoxication on cognition and memory. Subjects were assessed by a 

neuropsychological battery which included the Wechsler Intelligence Scale for Children, 

and six tests "to measure auditory/verbal and visuaVspatial immooiate and short term 

(delayed) memory and praxis (construction ability)" (p. 1215). These were the 

Peterson-Peterson Short-Tam Memory Paradigm, Buschke's Selective Remembering 

Test, the Benton Visual Retention Test, Wechsler Memory Scale Prose Passages, Rey

Ostc11ieth or Taylor's Complex Figure Drawing, and a Paired Associate Leaming Test 

After six weeks of supervised abstinence with bi-weekly urine screens for drugs of 

abuse, they were administered a parallel test battery. 

On the initial testing, there were statistically significant differences between groups 

on two tests: cannabis users were selectively impaired on the Benton Visual Retention 

Test and the Wechsler Memory Scale Prose Passages. The differences were smaller but 

were still detectable 6 weeks later. Analysis of test measures showed cannabis users to 

commit significantly more e11ors than conttols initially on the Benton Visual Retention 

Test for both immediate and delayed conditions, but differences in the 6-week post-test 

were not significant Users scored lower than controls on both immediate and delayed 

recall in the Wechsler Memory Prose Passages Test in both test sessions. The authors 

concluded that "cannabis-dependent adolescents have selective short-term memory 

deficits that continue for at least 6 weeks after the last use of marijuana". Funher testing 

beyond 6 weeks, while not possible in this study, would have provided useful 

inf01,,aation on the n,covcry of function. The fact that there was a trend toward 

improvement in the scores of cannabis users suggests that the deficits observed were 

mlated to their past cannabis use and that functioning may return to no1 111al following a 

longer period of abstinence. 
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The authors discussed the clinical implications of their results in te1ms of the need 

to develop tteatment strategies which address the possible long-lasting cognitive deficits 

which affect both perf mmance of complex tasks and the ability to learn. They referred to 

investigations which suggest that adolescents with learning disabilities are at high risk of 

cannabis abuse. Their own results heighten concerns about the effects of long-term 

cannabis use on learning-impaired adolescents. For such individuals, regular use of 

cannabis, even to a lesser degree than that used by Schwartz's ~ample, may significantly 

contribute to worsening school perforomTice. Funher, they suggest that individuals with 

learning disabilities and those who have a b<rderline <r low IQ might be even more 

susceptible to cannabis-induced deficits of short-te1m or recent memory. 

Schwartz's study was the first well conttolled study to demonstrate cognitive 

dysfunction in cannabis using adolescents with a brief mean duration of use. The 

implications of these results are that young people may be more vulnerable to any 

impairments resulting from cannabis use. Unfortunately, like many of its predecessors, 

Schwartz's team made little effort to inte1pret the significance of the selectivity of their 

results. There was nothing to suggest which specific elements of memory formation or 

retrieval were disrupted. The two tasks represented two different types of information 

processing. The Benton requires the retention of visual information in iconic or 

unprocessed f01m over very brief periods, whereas the Wechsler task requires the 

extraction of abstractions from stories, encoding these abstractions, retrieving 

information and complex responding. The authors acknowledged that their "data 

provide little guidance on which to fu1mlllate hypotheses concerning the neurologic 

substrates of the observed results" and suggested that the "isolation of the location and 

types of disruptions that account for the c·w1e,1t results should therefore be one goal of 

future research in this area''. 
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One crucial requirement for evaluating the perf01,raance of chronic marijuana users 

is comparison with an appropriately matched group of nonusing subjects. Although the 

studies described have made substantial progress in this regard, one concern remains that 

some of these impairmenb may have been present in the cannabis users prior to their 

cannabis use. Shon of an expensive longitudinal study that follows children over many 

years, the most desirable procedure is to match groups of users and nonusers on some 

measure of intellectual functioning obtained before the onset of drug use. 

Block et al ( 1990) have conducted a study in which they used scores on the Iowa 

Tests of Basic Skills collected in the fourth grade of grammar school. These are 

standardised ability tests that have been administered to almost all grammar school 

children in Iowa for several decades. Block et al used these scores to establish that their 

user and nonuser samples were comparable in intellectual functioning before they began 

using marijuana. 1be study's aim was to determine whether chronic marijuana use 

produced specific cognitive impairments, and if so, whether these impairments depend 

on the frequency of use. Block and colleagues assessed: 144 cannabis users, 64 of 

whom were light users (1-4/week for 5.5 years) and 80 heavy users(~ 5/week for 6.0 

years) (range 2-lo+ years use), and compared them with 72 controls. Subjects were 

aged 18-42, but mean age was not reported and subjects did not appear to be matched on 

sex. Twenty-four hours of abstinence was required prior to testing. 

Subjects participated in two sessions. In the fll'St session they completed the 12th 

grade version of the Iowa Tests of Educational Development, which emphasise basic, 

general intellectual abilities and academic skills and effective utilisation of previously 

acquired information in verbal and mathematical areas (subtests include Vocabulary, 

Cor1ecness and Appiopriateness of Expression, Ability to do Quantitative Thinking and 

Ability to Inte1p1et Literary Materials plus a Short Test of Educational Ability). In the 

second session subjects were administered computerised tests that emphasise learning 
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and remembering new information, associative processes and semantic memory retrieval 

(eg.f1ce and constrained associations, paired-associate learning, text learning, Buschke's 

Selective Reminding Task), concept formation and psychomotor performance (eg. 

discriminant reaction time and aitical flicker fusion). The tasks selected had been 

previously shown to be sensitive to the acute effects of cannabis, or (from the limited 

data available) the effects of chronic use. They were also relevant to the skills required 

in school and work perfort11an.ce. 

The results showed that while users and nonusers were matched on 4th grade Iowa 

scores, heavy users showed impairment on two tests of verbal expression and 

mathematical skills when tested on the 12th grade Iowa test The results of the 

computerised tests, reponed several years later (Block and Ghoneim, in press) showed 

that heavy, chronic marijuana use of at least 7 times/week did not produce overall 

impainnents in Buschke's Test but selectively impaired the retrieval of words that were 

easy to visualise. Only two tests showed overall impairment (Correcbless and 

Appropriateness of Expression, and Ability to Do Quantitative Thinking), while one 

showed superior perfo1taaance in a partic11Jar test condition (Concept Formation, fuzzy 

concepts) in users of moderate frequency (5-6/week). The authors were also able to 

show reasonable, albeit i.1q,e1fect, apcedlent between acute and chronic effects of 

marijuana on cognition by comparison with the results of another study examining the 

acute effects of cannabis in the same battery of tests (Block, Farinpour and Braverman, 

1992). The impairments associated with heavy, chronic use were much less pervasive 

than the immediate effects of marijuana smoking. Two tests showing a large degree of 

impairment acutely (Ability to Intc1p1et Literary Materials, and Text Leaming) showed 

no long term adverse effect This research bas been among the first to directly compare 

the acute and chronic effects of cannabis upon the same test battery, and the authors 

point out that while acute and chronic effects of drugs are sometimes similar, they can 

also be markedly different 
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Leon-Canion ( 1990) compared a group of 23 male chronic cannabis users (aged 

18-27, 2.5 joints/per day for 4.5 years) to a matched control group on the subscales of 

the WAIS. The cannabis users had significantly lower scores than controls on six of the 

eleven subscales: Comprehension, Similarities, Vocabulary, Block Design, Picture 

Arrangement and Object Assembly. Overall, the cannabis users scores were lower than 

would be expected for their age. Their Full Scale IQ, and both Verbal and Performance 

IQ, were lower than controls. These results suggest that the cannabis users may well 

have diffe1ed in ability from controls pri<X" to their having commenced using cannabis, 

even though the author argues against this on the basis of socioeconomic, cultural and 

educational status. A vocabulary score alone is perhaps the single best indicator of 

<riginal intellectual endowment, being the the most resilient to insult Nevertheless, the 

author's intt;q,retation of the results is in accord with many other observations: users 

were most impaired in their ability to learn flom experience, their capacity for 

compromise, elaboration of adequate judgements and situational adaptation, and 

organinttional, verbal and co,1111nmication skills. Many of these abilities are thought to 

be under the control of the frontal lobes. 

It appears that the same group of subjects were assessed on an 8 hour long version 

of the Trail Making Test to investigate cognitive styles and relations between both 

cerebral hemispheres (Leon-Canion and Vela-Bueno, 1991). Cannabis users exhibited 

great fluctuation between cognitive styles and weaker dominance-subdominance 

hemispheric alternation which was clearly maintained over time in controls. The authors 

inte1preted these findings to suggest that chronic consumption of cannabis "can affect 

cognitive styles and the brain, altering the Basic Rest Activity Cycle between the 

hemispheres" (p. 948). The significance of these fmdings is open to intelpfetation, 

although the tests may be tapping some aspect of frontal lobe function. 
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A very different approach to assessing the long-term consequences of exposure to 

cannabis has been take11 in an exceptionally well conttollea longitudinal study of children 

who had been prenatally exposed to cannabis in utero (the Ottawa Prenatal Prospective 

Study (OPPS)). A summary of the results to date is presented by Fried (1993). For the 

purposes of this paper, only assessments of the cognitive and central nervous system 

development of the children, and only those effects which remained statistically 

significant after controlling f<r many potentially confounding variables, such as birth 

weight, other drug use, socioeconomic status and nutrition, will be discussed. 

The levels of exposure to cannabis in the sample were approximately as follows: 

60% of the mothers used cannabis ilregularly, 10% teparted smoking 2-5 joints per 

week, and 30% smoked a greater amount during each trimester of pregnancy. Prenatal 

exposure to cannabis was associated with high pitched cries, disturbed sleep cycles, 

increased tremors and exaggerated stanles in response to minimal stimulation in newborn 

to 30 day old babies. The babies showed poorer habituation to visual stimuli, consistent 

with the sensitivity of the visual system to the teratogenic effects of cannabis 

demonstrated in rhesus monkeys and rats. Fried's inte1pretation of these findings was 

that exposure to cannabis may affect the rate of development of the central nervous 

system, with particularly slow rate of maturation of the visual system. This hypothesis 

was supported by visual evoked potential studies of the children at 4 years of age. 

Children who had been exposed to cannabis in utero showed greater variability and 

longer latency of the evoked potential components, indicating immaturity in the system. 

From 1 to 3 years of age, no adverse effects of prenatal exposure were found At 

2 years it appeared that the children were impaired on tests of language comprehension, 

but this effect did not persist after controlling for other factors such as ratings of home 

environment. At 4 years of age, however, the children of cannabis using mothers were 

significantly inferior to controls on tests of verbal ability and memory. The explanation 
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fm- the gap in detecting impairments in the preceding age range, was that the degree and 

types of deficits observed may only be identifiable when cognitive development has 

proceeded to a cenain level of maturity. It has been suggested that it is around this age 

that the frontal lobes begin to function. 

At 5 and 6 years of age, the children were not impaired on global tests of cognition 

and language. By age 6, however, there was a deficit in sustained attention on a task 

that differentiated between impulsivity and vigilance. Fried proposed that "instruments 

that provide a general desaiption of cognitive abilities may be incapable of identifying 

nuances in neurobehavim- that may discriminate between the marijuana-exposed and 

non-marijuana exposed children" (p. 332). He suggested the need for tests which 

examine specific cognitive characteristics and strategies, such as the test of sustained 

attention. Fried warned that his sample came from a middle class, low risk population 

and that his findings should therefore be intetpieted as somewhat conservative estimates 

of the potential risk. In accordance with the results of many of the studies reviewed 

here, he concludes that cannabis "may affect a number of neonatal behaviours and facets 

of cognitive behavior under conditions in which complex demands are placed on nervous 

system functions". 

Converging evidence for frontal lobe dysfunction is also available from the results 

of an ongoing NIDA funded project (principal investigator F. Struve) to investigate 

persistent central nervous system sequelae of chronic cannabis exposure. This research 

which has focussed upon quantitative EEG techniques, has found significant increases in 

absolute power, relative power and interhemispheric coherence of EEG alpha and theta 

activity, primarily in frontal-central conex, in daily cannabis users of up to 30 years 

duration compared to shon term users and nonusers (eg. Struve et al, 1993). Toe results 

suggest that there may be a gradient of quantitative EEG change associated with 

progressive increases in the total cumulative exposure (duration in years) of daily 
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cannabis use which may indicate organic change. One major limitation of this research, 

however, is that changes in frequency of EEG spectra have not been related to cognitive 

operations, unlike event-related potentials (ERPs) which as their name implies have 

identified components reflecting specific cognitive events. Therefore, the EEG results, 

intetpreted u a basic measure of brain function and discussed in Chapter 4, will not be 

discussed any further here. One study from this group did use cognitive event-related 

potential measures (Stnlurnanis et al, 1992) and is discussed in Chapter 6. The 

remainder of the discussion of research from this group concentrates on the assessment 

of cognitive functioning by neuropsychological tests. 

Complete results of these investigations have not yet been published, but 

pmliminary analyses of the ncmopsychological test data have been presented at 

conferences (eg. Leavitt et al, 1991; 1992; 1993). These investigations have been 

exceptionally well conttolled. Subjects were extensively sc1cened for current or past 

psychiatric or medical disease or CNS injury, and underwent extensive drug history 

assessments with 8 weeks of twice weekly drug screens. Groups were matched for age 

and sex. Daily cannabis users who had at least 3 years to 6 years of use were compared 

to a group who had used for 6-14 years, a special interest group who had used on a daily 

basis for 15 years or more, and a nonuser control group. Sample sizes varied from 

study to study, but averaged approximately 15 per group. 

An extensive battery of psychological tests included measures of simple and 

complex JCaetion time (using Ster11berg's procedure), attention and memory span (eg. 

digits forward and backward, continuous perfo111,ance task, Trail Making, serial 

addition/subtraction, divided attention (paced auditory serial addition test), Stroop 

interference task), language and comprehension tasks, construction (complex Rey 

figure), verbal and visual learning/memory (Wechsler Memory Scale and California 

Verbal Laming Test (CVL 1)) and "higher" mental abilities/concept formation/logical 
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reasoning (W AIS-R, Category Test and Conceptual Level Analogies Test (CLAT)). The 

effects of age and education were addressed through a multiple regression procedure 

which removed expected values computed using only age and education from all 

outcome variables. Only nonusers were used to e~tirnate regression weights and these 

were "jackknifed". 

Pleliminary analyses have shown test scores in general to show a gradation, with 

the best perfo.t11iance characterising nonuser controls, followed by the daily cannabis 

users and the worst mean scores occmring for the ultra long-term special interest group 

~avitt et al, 1991; 1992; 1993; Leavitt, personal communication). Neuropsychological 

measures which would not be expected to be affected by cannabis use (eg. Information 

and Vocabulary subtests of the W AIS-R) were not significantly different between 

groups. Selected W AIS-R subtcsts did show significant differences between groups, 

with, in each case, the daily cannabis users performing more poorly than controls and 

the greatest level of impai• iDCnt being found in the ultra long-term group. Select 

subscales of the Revised Wechsler Memmy Scale showed similar trends. Long duration 

users perfo,m~ more poorly than short ·te1m users and controls, and there were few 

differences between the latter two groups, on complex reaction time, verbal 

learning/recall (CVL T), complex reasoning/conceptual abilities (Category, CLA T) and 

short term memmy (verbal, visual, delayed Wechsler Memory Scale subtests). There 

was a ttend toward poorer performance on the complex mental tracking task (paced serial 

addition test). 1be authors cJai,uoo that dmation of use was related to impaired 

performance, but did not 1eport any correlations. Tests sensitive to mild cortical 

dysfunction were those most affected in the long-term user groups. The results attest to 

the impmance of taking cumulative dumtion of exposure to cannabis into account when 

studying the cognitive functioning of chronic cannabis users. 
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One of the robust sequelae of acute intoxication is altered time sense and the 

UfKlt;rproduction of time estimations has been demonstrated and replicated in many 

studies. A further study from this group has investigated time production in chronic 

users after 24 hours abstinence (Webb et al, 1992; 1993). In one study (Webb et al, 

1992), 28 daily users~ 7 joints/week for~ 3 years) displayed greater time 

underproduction than 32 controls, suggesting that time distortion may persist beyond the 

acute phase of intoxication. Additional analyses suggested that time distortions were 

greater for long-te1m than shon-term users. A further study verified these observations 

with 21 long duration users of noe than 15 years who were compared with 13 moderate 

users of 3-7 years, who in tum did not differ from 44 controls (Webb et al, 1993). The 

major differences occurred in a condition which involved incorporating feedback, and 

the authors concluded that the ability to benefit from feedback was compromised by long 

duration exposure to cannabis. 

This series of studies made an imponant advance in terms of its rigorous 

methodology, extensive range of neuropsychological assessment tests, and the analyses 

and interpretations of the results. The authors acknowledge that small sample sizes 

dictate caution and that there were no data available to assess the premorbid cognitive 

capacity of these subjects. Nevettbeless, the results allowed the following conclusions 

to be drawn (Leavitt, personal communication): 

1) while basic attentional processes appear to be intact, long-term cannabis users 

are less efficient when performing complex cognitive tasks or attempting to resist 

distraction; 

2) long-te,m users' ability to efficiently process info1n,ation declines more rapidly 

under a moderate cognitive load when compared with controls or short duration users; 
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3) while remote memory appears unaffected, long-term users are inefficient at 

learning and recaJling information over the short-term, especially when the task is 

unfamiliar or complex; they show increased susceptibility to retroactive interference, 

whereby new info11••ation interferes with the rettieval of old information (which is 

consistent with difficulty in resisting distraction); 
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4) long-te,m users me inefficient at perfooning complex tasks that require 

cognitive flexibility, recognition of unproductive planning strategies, and learning from 

experience, functions that have been clinically associated with the frontal area; 

5) because language and verbal intellectual abilities appear unaffected, long-term 

cannabis users may cope reasonably well with routine tasks of everyday life, but they 

may have difficulties with verbal tasks that are novel and/or which cannot be solved by 

automatic application of previous knowledge. 

Overall, the results suggested that long duration users seem to process some kinds 

of information more slowly as compared to nonusers, and that the effects of long-term 

cannabis use are most likely to surface under conditions of moderately heavy cognitive 

load. The authors recommend further specific assessments to fully explore the scope 

and nature of deficits in long duration user populations (Leavitt et al, personal 

communication). 

5.6 Conclusions 

The weight of evidence suggests that the long term use of cannabis does not result 

in any severe or grossly debilitating impairment of cognitive function. However, there is 
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sufficient evidence from the studies reviewed above, that the long term use of cannabis 

leads to a more subtle and selective impairment of cognitive functioning. Impairments 

appear to be specific to higher cognitive functions, which include the organization and 

integration of complex infor111arion involving various mechanisms of attention and 

memory processes. The evidence suggests that prolonged heavy use may lead to 

progressively greater impaitme11t It is not known to what extent such impairment may 

~ver with prolonged abstinence. 

Our understanding of the long term cognitive effects of cannabis is far from 

complete. Researchers in the field have continued to recommend that these effects be 

examined with greater sensitivity and specificity. It is is the aim of this thesis to do 

precisely that Selective attention was selected as a specific aspect of cognitive 

functioning for assessment, on the grounds that attentional mechanisms underly most of 

the functions where impairments have been detected. The particular susceptibility to 

distraction, the loosening of associations and the intrusion errors seen in memory tasks 

all point to a problem with distractibility, perhaps an inability to maintain a focus of 

attention. It is clear that any deficit will only manifest under a moderate cognitive load, 

in a complex task. Event-related potentials (ERPs) were selected as a sensitive measure 

of the processes of selective attention, an as yet under-utilised tool in the cannabis 

research arena. The combination of a complex task with a sound normative base, and 

careful experimental design provide the opportunity to explore with validity, reliability 

and greater specificity the long leim cognitive effects of cannabis. 
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CHAPTER6 

SELECTIVE A'I*I'ENTION AND EVENT-RELATED 

POTENTIALS (ERPs) 

6.1 Selective attention 
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Selective attention is one of a 11umber of processes which collectively comprise the 

state of attending to the environmenL William James described the essence of this 

process mme than a century ago: 

"Everyone knows what attention is. It is the taking possession by the mind, in 

clear and vivid f01 m, of one out of what seem several simultaneously impossible objects 

or trains of thought. Focalization, concentration of consciousness are of its essence. It 

implies withdrawal from some things in order to deal effectively with others" (James, 

1890). 

Thus, selective attention could simply be defined as those processes which allow 

some stimuli to be processed more rapidly and effectively than others, or "the 

predisposition of an <rganism to process selectively relevant, as compared to irrelevant, 

environmental information" (Harter and Aine, 1984). An adequate model of selective 

attention has not yet been fotm'1Jated. Selective attention may be viewed as a facilitatory 

mechanism that enhances the processing of relevant stimuli, or it may be viewed as a 

filtering mechanism protecting a limited capacity central processor from overload by 

irrelevant sources of information. 
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Early behaviomal research and theorising in the area was initiated by Broadbent 

(eg. 1958). The aim of continuing research has been to elucidate the processes involved 

in the selection of relevant from irrelevant infoixx,ation, to determine where how and 

when differential processing occun, and to establish the fate of the inelevant information 

or to what extent it is processed. The main models of selective attention have been based 

on "early" versus "late" selection theories. Early selection theories propose that the 

selection of the to-be-attended ~timulus occurs at a very early stage of processing and is 

based on the physical feature differences between the to-be-attended and the to-be

ignoral stimuli. Late selection theories propose that all incoming information is fully 

analysed before selection of the tt>-be-attended stimulus occurs, and selection is based on 

the representation of an appropriate ~timulus in a short-term memory store. Each theory 

has variously been supported or disaedited by experimental evidence. 

Much of the discrepancy from behavioural data may have arisen from the fact that 

there were two types of dichotic listening tasks generally used in selective attention 

experiments which were assur1-ed to invoke the same processes. In the fU"St, subjects are 

required to shadow information presented in the relevant channel (eg. an attended ear) 

while ignoring competing prose or words in the irrelevant channel (eg. the other, 

unattended ear). The degice of interference and intrusions from the inelevant channel 

provide a rneasme of the processing of the inelevant stimuli and their distractibility 

value. In the second type of paradigm subjects are required to attend to a particular 

channel and respond to a piedetermined stimulus or class of stimuli. Measures of 

reaction time were thought to indicate the amount of processing required for correct 

selection of targets in the presence of competing distractors. Kahnernan and Treisrnan 

(1984) pointed out that these paradigms may not necessarily tap the same underlying 

processes. 
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Broadbent's (1958) "early selection" theory proposed that selection is achieved by 

a filter which screens irrelevant input based on differences between physical features of 

the to-be-attended and the to-be-ign01cd stimuli at a very early stage, before conscious 

perceptual analysis has even take~ plare.. One problem with this model was that while it 

allowed fer switching between channels, it did not allow for simultaneous processing of 

more than one channel, such as in divided attention tasks, yet various dichotic listening 

studies established that deeper processing of stimuli from the to-be-ignored channel did 

occur (eg. Treisman, 1964a; evidence also came the Stroop effect). Broadbent argued 

that irrelevant stimuli were completely eliminated ft001 the infm,,,ation processing 

system, while Treisrnan p1oposed that unselected messages were merely attenuated. 

Acconling to "late selection" models (eg. Deutsch and Deutsch, 1963) all incoming 

information is processed in parallel and fully analysed before selection of the to-be

attended stimulus occun. Selection is based on a comparison of incoming information 

with a repiesentation of the physical characteristics of a stimulus in a short term memory 

stmc. The late selection models, however, were unable to explain why a seman.tic 

change, for example, would be mme difficult to detect than a physical change. Johnston 

and Dark (1982) cited many e1'amples of experimental evidence which did not fit either 

early or late selection theories. A number of in~muUate models were developed to 

account for the seemingly discrepant findings of behavioural research. 

Broadbent (1971), for e~ample, modified his original all-or-none theory in 

proposing two different processes: "stimulus set" or ftltering in which relevant stimuli 

are distinguished from irrelevant stimuli at an early stage on the basis of a simple 

physical feature (eg. colour); and "response set" when the difference between relevant 

and irrelevant stimuli is less discriminable (eg. semantic) and relevant stimuli are 

distinguished by a common set of responses. With further revision, these terms were 

dispensed with and replaced by a model of early filtering, which was passive, and 
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occurred in the pre-attentive stage, a later, active attentional phase of verification, termed 

"pigeonholing", and a third phase of "categorizing" complex stimulus configurations 

(Broadl,ent, 1977; 1982). All of these modifications nevenheless assumed discrete, 

limited capacity stages of infor11aation processing of limited speed. Early selection of a 

single channel achieved by a filter was a tequirement in order to not overload the system. 

Neither early nor late selection theories were able to adequately explain the intrusion of 

inelevant information at cenain rimes and not others. 

Kahneman (1973) proposed an allocation model of selective attention in which 

attentional processing resomces from a limited capacity pool are flexibly distributed 

amongst competing tasks. The amount allocated depended on the nature of the task and 

may facilitate the processing of some !ttimuli at the expense of others; "spare" capacity 

resources may be allocated to the processing of irrelevant stimuli. Little spare resources 

arc available for irrelevant stimuli in complex and demanding tasks. This model allowed 

for concuncnt performance of a number of tasks, with flexible allocation of resources 

according to task demands, which may change (or the perception of which may change) 

momentarily. Only if the combined processing demands of the tasks exceeded the 

limited capacity available, was perfmmance on one or the other or both tasks impaired. 

The variation in cognitive processing tequirements implied that some processes 

must occur automatically and can hence occur in parallel while others entail controlled, 

conscious and effortful processing, drawing upon the limited resources (eg. Schneider 

and Shiffrin, 1977; Shiffrin and Schneider, 1977). However, these distinctions could 

not adequately explain how attentional resources are selectively allocated nor the fate of 

irrelevant information. 1be extent of automaticity of information processing was 

contentious also between the early and late selection models: late models assumed far 

tmre automaticity. The issue of automaticity is central to the debate concerning the 

processes of selective attention, for the more that can be explained by automatic 
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processing, the less that l'eeds to be attributed to attentional mechanisms (Naatiinen, 

1988). 
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A different school of thought described selective attention in terms of encoding, 

schema theory and priming effects (eg. Hochberg, 1978; Neisser, 197 6). In this 

facilitatory conceptualisation, cenain information is primed for processing whereas 

irrelevant stimuli are neither filtered, inhibited <r attenuated, but are simply not analysed 

further because they fail to match the schema. Tipper and Cranston ( 1985) proposed that 

active inhibition of distractors, as opposed to passive decay, may be one mechanism of 

s~ssful selective attention; initially targets and distractors are processed in parallel up 

to categmical levels of representation, from which point targets receive further 

processing but distractors are actively inhibited. Cowan (1988) proposed a habituation 

model of selective attention, whereby a physical representation of the irrelevant stimuli is 

f01,srcd in memory and following repeated presentations allows habituation to such 

stimuli. When a physical change occurs in the irrelevant channel, a mismatch with the 

mprescntation causes orientation to that stimulus or channel. This mismatch is supponed 

by psychophysiological evidence of "mismatch negativity" (MMN) (Ntiitanen, 1985; 

Nlltlnen and Picton, 1986) (see below). This model assumes that perceptual analysis 

takes place automatically, and that controlled activation by a central executive processor 

directing attention to relevant stimuli, prevents their habituation. How the central 

executive does so is not explained. 

Aside from these traditional cognitive theories, selective attention has recently been 

explained in terms of connectionist models (eg. Grossberg and Stone, 1986; 

McClelland, 1988). However, these theories focus on parallel, distributed processing 

that occurs very quickly and cannot explain those processes that take longer and have a 

serial component Broadbent (1985) has argued that connectionist models are 

inappropriate in cognitive psychology because they are on a different computational 
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explanatory level, inte111-«liate between cognitive and neural models. 

The argument over whether the processing of multiple attributes of stimuli 

proceeds in parallel or in a serial manner has been around for decades and also remains 

unresolved, with much experimental evidence to support or discredit either theory. The 

data suggests that processing begins in parallel, with some attributes processed 

independendy and some simultaneously, some features extracted earlier than others 

(Posner, 1978). Some have argued that processing in a novel task is initially serial and 

that parallel processing only develops with practice (eg. Shiffrin and Schneider, 1977). 

Trcisrnan and colleagues (eg. 1980) developed a feature integration theory in which it 

wu proposed that the processing of complex multidimensional stimuli occurred in two 

stages; in the first, simple analysis of stirm1Jus features (eg. colour, orientation) occurred 

rapidly, in parallel and automatically; the second stage involved the conjunction of these 

features into objects, which occmred slowly in a serial fashion and required focal 

attention. (Woods, Alho and Algazi (1994) recently reported brain event-related 

potential (ERP) evidence that feature conjunction in the auditory modality occurs very 

early, before the analysis of individual features is complete). Most of these theoretical 

developments, however, arose from research into visual selective attention. 

In conttast, auditory attention research was dominated by dichotic listening type 

tasks which continued to be inteqneted in terms of filtering models. While this research 

provided some information regarding the nature of selective attention, the debates about 

early versus late selection, the extent of automaticity, and the extent of processing of 

irrelevant stimuli were not resolved. This was due to the fact that theories could only be 

developed and tested by reliance on behavioural data obtained during performance of 

such tasks as dichotic listening, signal detection and priming tasks. Since overt 

responses are withheld fm irrelevant stimuli, behavioural data cannot reveal the extent of 

automaticity, nor to what extent unattended information is processed. The advent of 
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sensitive new techniques of recording the electroencephalograph (EEG) while subjects 

were engaged in dichotic listening tasks, for example, provided a way of re-evaluating 

the nature of selective attention processes. Such techniques based on event-related 

potential intctpretations, discussed below, have amassed a wealth of data over the past 

15 years which has generally been interpreted as resolving the debate in favour of early 

selection theories (Hansen and Hillyard, 1983; Hansen, 1989). 

Early selection models, generally implied serial dependency between the early and 

later stages of analysis. However, Hansen and Hillyard (1983) pointed out that 

equivalent economy of processing is possible under parallel or holistic models of feature 

analysis, "provided that analyses tera11inate as soon as sufficient evidence accrues that a 

stimulus is irrelevant". This intelpretation implied contingent or hierarchical information 

processing, where "the level of one !ltirnulus dimension influences the depth or extent of 

processing of other dimensions" (Hansen and Hillyard, 1983). Hierarchical models of 

inf011 11ation processing predict that those stirnlilus features that are easily discriminable 

are initially selected fm allocation of attention, followed by more complex, less 

discriminable features. This process continues until all stimuli that do not share every 

attribute of the relevant attended stimulus are gradually filtered out and not accorded any 

further processing. Thus, only those stimuli selected on the basis of having one relevant 

atttibute would receive funher processing for the presence of other relevant attributes. 

This model was well supponed by ERP data. Late selection models, on the other hand, 

predicted an exhaustive search of all stinu1Jus attributes, which was found not to occur 

under analysis of ERP traces to relevant attended and irrelevant unattended stimuli. 

The selective attention t.ask of Hansen and Hillyard (1983) has become a most 

widely researched paradigm, producing results consistent with a hierarchical information 

processing model across various experimental manipulations. It is a complex 

multidimensional auditory selective attention task in which tone pip stimuli vary on the 
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dimensions of location, pitch and duration. In their 1983 paper, Hansen and Hillyard 

manipulated the physical dimensions of location and pitch such that one discrimination 

was ID<X'C difficult than the other. For example, in the easy location/difficult pitch 

condition, tone pips wem delivered randomly to the left or right ear, an easy 

discrimination, but within each ear, tone pips varied only slightly in pitch, either high or 

low, such that they were difficult to discriminate. In the difficult location/easy pitch 

condition, tone pips were deliveied such that they were subjectively perceived to be 

occumng at some point towards the back of the head, making a decision as to whether 

they were occmring on the left or right quite difficult, but they were vastly different in 

pitch. In each case, the ERP pattern indicated that the rejection of the easy irrelevant 

dimension occurred early (eg. rejecting half the stimuli on the basis of location), and 

selection/rejection within the difficult dimension was contingent upon further processing 

of the selected stimuli (eg. after half of the stimuli were selected on the basis of coming 

from the relevant location, they were fmther processed before half were rejected again on 

the basis of being of the wrong pitch). 

Anatomical concepts of cerebral organization lend suppon to both parallel and 

hierarchical mechanisms in stimulus processing, but no single anatomical model has 

been able to fully explain the anatomy of selective attention, in terms of how the nervous 

system selects relevant stimuli and suppresses irrelevant stimuli. One theory claims that 

selection occurs at the periphery, say at the level of the cochlea in auditory selective 

attention (eg. Hemandez-Pe6n, Schei1er and Jouvet, 1956; Hernandez-Peon, 1966). 

According to this themy, involuntary attention occurs as a result of the transmission of 

sensm-y information controlled by the reticular formation; voluntary attention occurs 

through modification by the descending fibres of cortical origin, the cortico-reticular

sensory pathway, which is also thought to inhibit irrelevant information. This theory, 

however, was developed from animal research and further substantiation and replication 

with huma11 data has proved elusive (Hirschhorn and Michie, 1991 ). 
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Evidence for selection at the thalamic level has also come from animal research. 

This theory proposes that the thalamic reticular nucleus regulates the transmission of 

sensmy information by acting as an inhibitory gating mechanism in inhibiting 

thalarnocortical circuits carrying inelevant information (Skinner and Yingling, 1977). 

The most favOUJal anatomical model of selective attention is the cortical model, 

based upon a vast array of psychophysiological data from ERP studies, 

magnetocncephalography (MEG) and regional cerebral blood flow (rCBF) studies. 

Nlltanen and Picton (1987) s11mmarised the evidence for the auditory conex as a 

possible selection site and Woods (1989) discussed the connections throughout the brain 

emphasising their activation through a progressively narrowing attentional spotlight, 

highlighting the hierarchical <rganiz.ation of information processing in the auditory 

system. While lower centres may be responsible for simple sensory feature detection, 

complex processing allowing the complete perception, integration and interpretation of 

complex stimuli occurs in the cmtical regions of the brain. Woods (1989) also 

suggested that there may be separate selective attention mechanisms in different sensory 

modalities, and Woods, Alho and Algazi (1994) provided evidence that ERP 

components elicited by attention to different features of stimuli (eg. frequency, location) 

had different scalp distributions consistent with generation in different cortical fields. 

The essence of the cmtical model is that all auditory inputs undergo rapid, 

involuntary processing of their physical characteristics by a "permanent feature-detection 

system" (Naltinen, 1985; 1988, 1990). All physical features of stimuli, such as 

location, pitch, intensity and duration, are encoded in a passive neuronal trace. These 

passive neural representations may be responsible for involuntary attention switching 

which enables unattended stimuli to attain conscious processing momentarily, thus 

offering an explanation for the intrusion of irrelevant stimuli (as well as mismatch 
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negativity, discussed below). Voluntary, effortful focussing of attention leads to the 

fmmation of a more J)Cl•tl8nent "attentional trace", a voluntarily maintained 

representation of the relevant stimulus characteristics. All other inputs are actively 

compan,d against this representation, and the duration of this matching process reflects 

the degaec of similarity between the input and the attentional trace. Only those stimuli 

with a perfect match are selected fer fmther processing, for updating and maintaining the 

attentional trace. These concepts are discussed further below, as indexed by various 

ERP components. 

The prefrontal cortex is also an area known to be involved in attentional functions. 

Damage to the prefrontal area of the frontal lobe appears to cause attention related 

problems with ready formation of irrelevant associations and disturbances in the 

selectivity of action (Lmia, 1966). Patients with frontal lobe lesions are often unable to 

suppress irrelevant information, and have tendencies to perseverate, being unable to shift 

attention, but also having difficulties in focussing and sustaining attention (eg. Dama~io, 

1979; Fuster, 1980). Cerebral blood flow increases in the region of the frontal lobe 

during auditory attention (eg. NHHtiinen, 1987), consistent with evidence that the frontal 

lobes maintain and control the attentional trace. At least two ERP studies have reported 

dysfunction in selective attention and increased distractibility in patients with lesions of 

the dorsolateral prefrontal cortex (Knight et al, 1981; Woods and Knight, 1986). 

Funher ERP evidence of frontal activation is discussed below. The involvement of the 

anterior cingulate conex in attentional processes was discussed in Chapter 2. It is 

unlikely, however, that selective attention can be localised to any one area, but most 

likely occurs as a result of 011,11C10us connections or networks in the brain (Mesulam, 

1990). 
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6.2 Event-related potential (ERP) indices of selective attention 

Event-related potentials (ERPs) are scalp recomed electrical changes occurring in 

the brain in response to an event or stimulus. The procedure of recording ERPs is a 

sensitive technique which permits the simultaneous assessment of electtophysiology, 

cognition and behaviour and the detection of subtle dysfunction in specific stages of 

information processing. 

The procedure for generating ERPs involves recording the electroencephalograph 

(EEG) while subjects are engaged in a cognitive task. Portions of the EEG, which are 

time-locked to specific stimuli are extracted and averaged (see Figure 6.1). These 

represent the brain's response to an event or stimulus and are hence referred to as event

related potentials. As such, they are distinguished from the spontaneous potentials that 

make up the ongoing EEG in the absence of stimulation, thought to reflect the global 

state of the subject (eg. the generalised psychological states of arousal or drowsiness). 

ERPs, on the other hand are evoked by, and hence time-locked to, specific discrete 

environmental events open to a vast anay of experimental manipulation. By averaging 

the response to repeated presentations of stimuli of a certain type, the background noise 

of the ongoing EEG is diminished, while the constant ERP response to that stimulus 

type beoomes increasingly distinct 

The typical ERP consists of a series of peaks and troughs, positive and negative 

deflections (sec Figure 6.1), which reflect the synchronous activity of large neuronal 

populations, such as a localiled area of ce1ebral cortex or thalamus, or specific auditory 

nuclei in the brainstem. What are refe11ed to as ERP "components", can only be inferred 

from the results of experimental manipulation and measurement of the resultant ERP 

deflections (NWitanen and Picton, 1987). Thus an ERP component constitutes a cerebral 
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event reflecting a distinct cognitive ~ss. While much research is being conducted into 

the neural generators of the various ERP components, the actual neural source of the 

crmponent need not be the defining criterion fm the differentiation of components, but 

rather the cognitive process itself (Donchin et al, 1978). 
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Fipre 6.1 An ideallzed auditory ERP waveform depicting tlae process of 
reeorclia1 the EEG and avera&in1 around a stimulus, and tile major early 
braiutem, middle latency and late "endoaenous'' components. (Adapted 
from Hillyard and Kutas, 1983). 

The focus of c~nt ERP and cognitive research has been to identify ERP 

components as markers of specific stages of infm a•wtion processing. The amplitude and 

latency of ERP componenu are thought to teflect the nature, timing and duration of 

various cognitive processes. These are inde~ed by the later "endogenous" components 

of the ERP wavef01m, as opposed to the earlier obligatory "exogenous" components. 
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Exogenous components 

Exogenous components are iesponses evoked by factors extrinsic to the nervous 

system. being sensitive to variations in physical stimulus characteristics regardless of 

their ~ssing demands or task relevance. They begin shonly after stimulus onset and 

last for up to the first 250 ms post-~timulus, vmying in amplitude and latency according 

to the physical characteristics of stimuli, and vmying across the scalp according to 

stimulus modality. They are comprised of early, middle and late components. 

Early brainstem potentials occur within the first 10 ms post-stimulus and reflect the 

nemal activity of auditory nuclei in the cochlea and brainstem. The middle latency 

thalamic potentials are evident between 10 - 50 ms post-stimulus and reflect the 

procession of auditory inf01,1,ation through to the auditory cortex. Following the animal 

research of Hcmalldcz-Pe6n and colleagues (1956; 1966), much human research has 

been directed toward attempting to discover early signs of selective attention in both 

brainstem and thalamic potentials, and where evidence has been demonstrated, this has 

proved impossible to replicate (eg. Lukas, 1980;1981 vs Hirschhorn and Michie, 1991). 

While early and middle latency components are of very low amplitude, they are 

closely followed by large amplitude waves named according to their polarity and 

sequence: the Pl-Nl-P2 complex refers iespectively to the first large positive wave 

occurring around 50 ms post-stimulus (also known as P50), the first large negative wave 

occurring around 100 ms post-stimulus (also known as NlOO), and the second large 

positive wave occurring around 200 ms post-stimulus. It is imponant to point out that in 

a cognitive task, these exogenous waves are overlapped by the appearance of 

endogenous components signalling the beginnings of conscious effortful attentional 

processing. 
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Pl has been implicated in the gating or inflow control of sensory information. A 

number of psychiatric patient populations, including schizophrenics, have shown 

inreases in the amplitude of Pl in conditioning test paradigms, reflecting diminished 

gating, and the mechanism responsible for sensory gating has been suggested to interact 

with the catecholaminergic system (Adler et al, 1982). 

The N 1 component is viewed as a ttue onset response generated by cerebral 

systems responding specifically to ~timlllus onset (NUtanen and Picton, 1987). Nl is 

thought to be made up of several components, each with different generators within the 

brain, but all sensitive in amplitude and latency to the registration of various stimulus 

parameters. Its scalp distribution is modality specific and in the auditory modality Nl is 

larger in the hemisphere contralateral to the ear of stimulation. The P2 wave follows N 1, 

and while it may have different neural generators, it appears to be similar to N 1 in its 

sensitivity to various stimulus characteristics. 

Endogenous components 

There are a number of endogenous ERP components which are elicited in a variety 

of cognitive tasks, representing a wealth of cognitive operations. This discussion will be 

limited to those components of relevance to auditory selective attention. 

N2: The N2 is the second major negative component peaking after stimulus 

onset. It is an endogenous component best seen when an occasional stimulus is either 

omitted from a train of stimuli delive1ed at a constant rate, or replaced by a physically 
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deviant stimulus (NUtanen, 1982; Squires, Squires and Hillyard, 1975). It is closely 

. coupled with the P300 and particularly with P3a (see below) (Picton and Stuss, 1980; 

Squires, Squires and Hillyard, 1975), reflecting the operation of a cerebral "mismatch 

detccur" engaged by stimulus deviance (Snyder and Hillyard, 1976). However its 

morphology and topography were found to differ as a function of experimental 

manipulation, suggesting that the N2 is not a single entity, but rather, a number of 

different components are active in the N2 range (NWitanen and Gaillard, 1983). 

NWitlncn and Picton (1986) w~ able to identify eight N2 subcomponents, however the 

two most well Ra>gnised ~ the mismatch negativity (MMN) and the N2b. 

The MMN is a negative component which can overlap the Nl and P2 components 

and is observed when stimulus deviance is defined by changes in pitch, intensity, 

duration, spatial location and phonemic change (Naatanen, 1990). The larger the 

difference between the deviants and standmds, the larger the MMN and the earlier it is 

elicited. However MMN is best observed under nonattend conditions when subjects are 

asked to ignore auditory stimuli and perfo,m a distractor task. As such it is considered 

to index an automatic process independent of attention, being generated by a cerebral 

process sensitive to stimulus change, which compares the sensory input from a deviant 

stimulus to a stored neuronal representation of the physical features of previous standard 

stimuli (Alho et al, 1989; Niatanen, 1985). It is argued that it serves the biologically 

vital function of causing attention to switch towards changes in unattended auditory input 

(Naatanen, 1990). The MMN has a fronto-central distribution and is larger at temporal 

than mid]ine sites. There is continuing debate about whether the MMN is or is not 

enhanced by overt attention (Alho, Woods and Naatanen, 1992; Woldorff, Hackley and 

Hillyard, 1991 ). 

The other component in the N2 range is the N2b which is elicited under conditions 

of attention to deviants, being superimposed on the MMN. It has a longer latency than 
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the MMN (approximat.ely 220 ms), a centto-parietal distribution, is modality nonspecific 

and is closely coupled with P3a (Naitanen and Gaillard, 1983; Picton and Stuss, 1980; 

Squires, Squires and Hillyard, 1975) reflecting the beginnings of cognitive stimulus 

evaluation, target selection and decision maki1'g processes. Some have suggested that 

the N2 may actually be a better index of decision processes than the later P300 wave 

(discussed below) (Ritter et al, 1979). 

Processing negativity (PN): This is the ERP component most specifically related 

to selective attention. ERP studies of selective attention have primarily utilised the 

"cocktail patty" paradigm a version of the dichotic listening task described above, in 

which multiple channels of m1Jtidirnc11sional auditmy stimuli are presented to the subject 

at rapid rates. While the subject's task is to attend to one channel only, ERPs elicited by 

stimuli from every channel are recmdrd and differences between attended-channel ERPs 

and unattended-channel ERPs constitute the attention effect. This effect of attention is 

seen as a broad negativity in the ERP wavefo,m, tcnral "processing negativity" 

(Hansen and Hillyard, 1983; Nlltloen, 1982). 

The onset of processing negativity (PN) provides evidence for selection in the 

auditory system to occur as early as 00 to 80 ms post-stimulus. Originally this negativity 

was inte,preted as an enhancement of Nl amplitude in attended as opposed to unattended 

stimuli (Hillyard et al, 1973), but later studies isolated a separate endogenous negative 

component, PN, superimposed upon the NI wave (Naatiinen and Michie, 1979). PN is 

elicited by all stimuli sharing the more salient properties of the relevant stimulus, 

generated when selective attention is directed toward the relevant sensory attributes of the 

passive neuronal trace. PN is argued to be the best index of the more permanent 

attentional trace (Nlltlnen, 1990). 

PN may be clearly seen in the ERP wavefu1m u a negativity in the trace to 
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attended stimuli compared to unattended stimuli, or it may be observed in difference 

wavef01ms (Nd) created by subtracting the unattended trace from the attended. This 

method has demonstrated two overlapping components: early PN (or Nd) which is 

maximal over fronto-centtal areas and reflects the selection of relevant from irrelevant 

somces of infor111ation by a matching process between the stimulus and the attentional 

trace, and a ore prolonged negativity in the attended ERP, termed late PN (or Nd), 

which has a much 111(£ frontal distribution (Hansen and Hillyard, 1980; Naatanen, 

1982; Woods, 1989). This late frontal component of processing negativity most likely 

reflects the maintenance and rehearsal of the attentional trace (Naatanen, 1982). PN may 

also be present in unattended ERPs if the discrimination is difficult, ie. a ~mall physical 

separation between aaended and unattended stimuli, although evidence is accumulating 

for a thin1 component contributing to Nd: a positivity in the unattended ERP starting at 

about 170 ms (Alho et al, 1987; Michie et al, 1990; 1993). This positivity may reflect 

active inhibitory processing of the h1elevant stimuli; an active suppression of processing 

when the irrelevant stimulus has been found to be incompatible with the attentional trace 

(Alho et al, 1987; Michie et al, 1993). 

P 300: H a conscious decision about the significance of a stimulus has to be made, 

or a response to a particular stimulus in the attended channel is required, the ERP 

wavefmm to that stimulus will show a large positive component, generally referred to as 

the P300 complex. P300 is one of the most researched and largest of the endogenous 

ERP components, but many years of research have failed to determine precisely its 

functional role (Picton, 1992). P300 is elicited by task relevant, infrequently occurring 

target stimuli in the attended channel (Donchin, 1981; Pritchard, 1981). It occurs 

maximally at parietal scalp sites with a peak latency of 300-500 ms depending on task 

difficulty among other parameters. There is evidence that P300 amplitude reflects the 

allocation of attentional resources f<r stimulus evaluation processes, while its latency is a 

sensitive index of stimulus evaluation time (Isreal et al, 1980; Pritchard, 1981). This 
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component, now recognised as the P3b, is distinguished from the smaller, more fronto

central P3a which is elicited by unattended, task irrelevant and intermittent novel stimuli, 

reflecting the degiee of contrast with frequently occmring stimuli and hence associated 

with the N2b component (Squires et al, 1975; 1977; Naatanen and Gaillard, 1983). 

Recent evidence suggests that there may be multiple neural generators of the P300 

component distributed throughout the brain (Johnson, 1993). 

Contingent negative variation: In paired stimulus paradigms where one stimulus 

acts as a warning signal that the other will soon follow, a slow negativity develops in the 

ERP during the interval between the two stimuli, reaching a maximal amplitude just prior 

to the presentation of the second stirm1lus. This anticipatmy component is termed 

contingent negative variation or CNV (Walter, 1964). It has variously been interpreted 

as a sign of expectancy, intention to act, attention and arousal (eg. Teece, 1972). 

Increased attention generally results in increased CNV amplitude, but general tonic 

arousal leads to CNV decrement Teece and Cole (1974) showed that reports of 

alertness following ampltetamine administtation c011elated with larger CNV, while 

paradoxical drowsiness was associated with CNV reduction. A separate component 

nevertheless closely related to CNV is the post-imperative negative variation (PINY). 

This is a continuation of the CNV beyond the point of 11011,ud resolution, which has been 

observed in schimplucnics (fimsi.t-Benhier et al, 1984), but also in no1aoal subjects 

only when the second stimulus in the pairing is uncontrollable by the subject (eg. when 

the subject is not able to terminate it by a motor response). 

It is these endogenous ERP components discussed above, primarily processing 

negativity and P300, that are of particular interest for the purposes of this thesis. The 

Hansen and Hillyard (1983) multidimensional auditory selective attention paradigm was 
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selected for the study of selective attention processes in long term cannabis users. There 

exists a wealth of normative data on the ERP patterns elicited by this paradigm, and it 

has been used to investigate infm 11l8tion processing among other groups suspected of 

deficient attentional 11uhanisms, for example, schirophrenics (Michie et al, 1990). The 

paradigm has proved useful in the study of hierarchical models of information 

processing by manipulating the difficulty of discrimination of each dimension. 

For the series of studies to be described here, the version of the paradigm used 

was that where stimulus duration was the most difficult discrimination, followed by 

pitch and then location. In this paradigm, the subject's task is to selectively attend to a 

panicuJar combination of these dime.isions (eg. right ear, high pitch) and to detection 

infrequent long duration target tones. The most efficient strategy in performing this task, 

is one where the subject rapidly rejects half the stimuli from further analysis on the basis 

of location, continues to process those ~timllli entering the relevant attended ear and 

rejects half of those on the basis of pitch, before finally deciding whether the stimulus is 

of long <r shon duration. This strategy enables the formation of the attentional trace to 

the frequent short dmation tones of relevant pitch in the attended ear, evidenced by 

processing negativity (PN) in the ERP waveform to these tones. Hierarchical models 

pcdict that tones occmring in the unattended ear should be rejected rapidly, evidenced 

by a positive shift in the ERP following the N 1 peak, whereas tones of irrelevant pitch in 

the attended ear would be processed f<X' a little longer but rejected soon after with a later 

positive shift in the ERP wavefmm. Use of this paradigm will determine whether 

chronic cannabis users engage in a less efficient mode of infon,aarion processing than do 

controls. 

It was hypothesised that long te1m cannabis users may adopt a less efficient mode 

of information processing than controls and show evidence of intrusion of inelevant 

inforu1ation in their ERP wavefo1ms. Particularly strong evidence of this would be a 
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lack of separation between relevant and irrelevant pitch ERPs to tones in the attended ear, 

with inappropriate\y large PN to the pitch irrelevant tones. Evidence of PN to tones in 

the unattended ear, with a large separation between relevant and irrelevant pitch ERPs, 

would suggest engagement in exhaustive analysis of independent stimulus dimensions. 

The use of ERPs as a tool in the study of the cognitive effects of cannabis has been 

virtually non-existent. 

6.3 Cannabis and ERPs 

Most of the studies investigating the electrophysiological effects of cannabis 

examined the electroencephalogram (EEG), producing equivocal results, and most of 

this research was done in the 1970s. These EEG studies have been reviewed in Chapter 

4. Very few studies have investigated the effects of cannabis upon ERPs: most have 

been acute stndies and none have investigated the processes of selective attention. The 

smaJl litcrature on cannabis and ERPs will briefly be reviewed here. 

A number of the early EEG studies included a cursory examination of evoked 

responses without adequate description of how these were evoked nor what components 

were measured. Generally, evoked responses are a reflection of exogenous components 

only, being passively elicited by the presentation of auditory or visual stimuli in the 

absence of any cognitive task demands. 1be effects of cannabis on evoked potentials 

has also been variable. 

Rodin et al (1970) found no consistent changes in auditory (AEP),visual (VEP) or 

somatosensory evoked potentials (SEP) during an induced "social high" but reported no 

details. Low et al (1973) found no effect of low or high dose 1HC on VEP peak 
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amplitude or latency. Stefanis, Dombush and Fink (1977) reported no latency changes 

but increased N150 peak amplitude after administering various doses of hashish to their 

Gteek sample of chronic hashish smokers. Tinklenberg (1972) found an increase in 

amplitude of the N200 and P280 components of the VEP, and some prolongation of 

latency, following low dose TIIC, and Tassinari (1974) reported similar increases in 

amplitude of the late VEP components. Lewis et al (1973) reported significant latency 

prolongation of almost all VEP peaks with high dose me, with a similar trend for low 

dose me and a trend toward SEP peak latency prolongation. Additionally they 

reported a decrease in VEP N75-P100 peak amplitude at both high and low doses and a 

significant SEP N 130-P200 amplitude reduction. These effects were evident in 

occasional and frequent cannabis users alike. Lewis et al (1973) inte1preted the 

prominence of evoked potential latency prolongation being due to an increase in "the 

threshold of cortical and subcortical neurons or neural networks involved in producing 

the evoked response" and cJai11-od that there was no evidence of an excitatory action of 

1HC on the central nervous system. 

Two studies used a passive attention task with frequent and infrequent tone bursts 

which subjects were instructed to ignore. Roth et al (1973) reported decreased P2 

amplitude to frequent and infrequent stimuli following cannabis, but no effect on N 1 

amplitude and no latency differences. There was suggestive evidence for a reduction in 

P300 amplitude to the infrequent stimulus. Roth and colleagues interpreted their 

findings as indicating that subjects under the influence of cannabis may have an 

increased ability to ''tune-out" the outside world, substantiated by users' claims of 

dreamlike states with reduced attention to the environment, but the authors cautioned that 

this should not be intap1eted as enhanced ability to selectively ignore irrelevant stimuli. 

Kopell et al (1978) using a similar paradigm found neither amplitude nor latency 

changes. 
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Earlier, Kopell had reponed an enhancement of CNV with the oral administration 

of low dose me, but not high dose (Kopell et al, 1972). He interpreted this as an 

enhanced ability of mildJy intoxicated subjects to selectively attend and suggested that 

this may be due to better exclusion of miscellaneous irrelevant stimuli while anticipating 

a mlevant stimulus. Low et al ( 1973) replicated these findings of increased CNV 

amplitude with low dose smoked me using a similar simple reaction time task to that 

used by Kopell, but they also employed a difficult discrimination task and found the high 

dose actually decreased CNV amplitude in this task. Both low and high doses increased 

PINV. Similarly, Braderi et al (1'174) demonstrated no overall effect of moderate dose 

smoked me on CNV amplitude in the simple reaction time task, but found that subjects 

who reported experiencing a below-average ''high" showed CNV amplitude increase, 

while those reporting above-average "high" showed CNV amplitude decrease. They 

proposed that the relationship between CNV amplitude and me dose is probably in the 

form of an invened U, suggesting possible enhancement of attentive mechanisms at low 

doses but impaired attentional functioning with high doses. They also proposed that 

since cannabis is often demonstrated to slow reaction time, the increase in CNV 

amplitude may "due to a compensatory effon to concentrate". However, at higher doses 

"with more complete impairmc11t of task mientation, this compensatory effort might not 

be possible". Alternately, they p1oposed that low dose cannabis might serve to make a 

dull task more interesting, which is not incompatible with greater difficulty in 

concentration. 

Heming, Jones and Peltzman (1979) studied 27 male regular users, aged 21-31, 

over a 3-4 week period as inpatients receiving various daily doses of me. Auditory 

event-related potentials and contingent negative variation (CNV) were recorded during a 

series of behavioural tasks of varying axnplexity pre-drug treatment, early and late 

during the inpatient treal••tent, and post-treali•tent. The auditory Nl component was 

significantly depressed in the high dose group dming the first few days of treatment but. 
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resolved over time, remaining depressed only during the most demanding behavioural 

tasks. The CNV was depressed during all tasks for high and low dose groups early in 

treatment, but once again mostly resolved, remaining only in the high dose group during 

the most difficult task. These results suggest the development of tolerance to these 

effects. The authors suggested, however, that these changes may persist with high 

doses, and were more likely to manifest during complex stimulus processing tasks. The 

changes were hypothesised to be related to different aspects of a common attentional 

Mme recently, Howard and Menkes (in press) administered moderate to high dose 

1HC to regular cannabis users and found reduced CNV in a noise avoidance task which 

required a response on some occasions and the inhibition of responding on others (go/no 

go). The CNV reduction was maximal at the same time that salivary THC levels and 

subjective intoxication were highest Subjective arousal was reported to increase 

following cannabis smoking. P300 amplitude was significantly reduced in an auditory 

oddball task and reaction time was longer, but not significantly so. The change in 

reaction time from pre- to post-smoking in the oddball task, and the change in CNV in 

the noise avoidance task, cu11elated with salivary THC levels. The authors interpreted 

these results in terms of high impulsivity, which has previously been shown to reduce 

CNV amplitude. 

In one of the few studies to din,ctly compare the effects of cannabis and alcohol on 

event-related potentials, Roth et al (1977) incorporated a complex memory search task 

based on the Sternberg paradigm which presented 1 to 4 digits, and then a warning tone 

followed by a single digit probe. They found no drug effects on the amplitude or latency 

of auditory Nl or P2 to the warning tone, but P300 amplitude to the probe was reduced 

by both cannabis and alcohol. CNV amplitude between the warning tone and test digit 

showed no drug effects, but the latency of resolution of the CNV was longer under 
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cannabis than alcohol <r placebo and reaction time was significantly increased by 

cannabis alone. 

138 

The overall effects of acute administration on human evoked potentials are difficult 

to summarise due to the lack of consistency in routes of administration, doses given, 

tasks employed and indeed their variable results. Nevertheless, it can be surmised that 

cannabis may affect either the latency or amplitude or both of the evoked potential in an 

adverse manner. There has been insufficient research into the effects of cannabis on 

ERPs in well designed studies employing sensitive tasks that tap quite specific cognitive 

functions. 

Most recently, and perhaps in the only evoked potential study of chronic cannabis 

users, Sttaumanis et al (1992) found smaller auditory P2 and N2 amplitudes in long

teim cannabis users(> 15 years) compared to moderate users (of 3-6 years). Cannabis 

users overall showed significantly smaller auditory and visual P300 amplitudes than 

conttols, but no significant latency differences. Unfortunately, this study has only been 

reponed in abstract form and results have not been examined as a function of frequency 

of cannabis use (Struve, personal communication). Struve and Straumanis (1990) 

briefly mention the results of their pilot study of chronic cannabis users, abstinent for 5-

7 days pri<r to testing, which found decreased VEP PlOO amplitude, increased SEP 

Nl8-P30 amplitude and smaller and later P300 in an auditory oddball task. No details 

were given. 

Oearly, there is a need for funher research into the long term effects, and indeed 

the acute effects, of cannabis on human event-related potentials, particularly now that 

their inte1pretation is enhanced by more modern cognitive theories. For the purposes of 

this thesis, it was considered of greater urgency to investigate long term cognitive effects 

than to contribute to the labyrinth of acute studies. 



Cltaptu 7 

CHAPTER 7 

AN EVENT-RELATED POTENTIAL STUDY OF 

A 1*I'ENTIONAL PROCESSES IN LONG TERM 

CANNABIS USERS 

139 

Previous studies provided little inf01111ation as to the nature of any specific deficits 

associated with the long term use of cannabis, although attentional mechanisms were 

often implicated. As argued above, one reason for the equivocal nature of results from 

past studies may be that the tests used were insufficiently sensitive to detect subtle 

dysfunction of specific cognitive processes. There has been relatively little use of 

quantitative measures derived from experimental cognitive psychology in any studies of 

chronic drug-related deficits. 

The advent of brain event-~lated potential (ERP) recording technology allowed for 

the simultaneous assessment of elccaophysiology, cognition and behaviour and the 

detection of subtle dysfunction in specific stages of infor111ation processing. The 

intetpICtation of ERP components is based on modem theories of cognition and 

information processing. This study employed such techniques to address the question of 

the existence and nature of attentional deficits in long term cannabis users. 
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7 .1 Experiment one: Effects of long term cannabis use on ERPs 

recorded during an auditory "oddball'' paradigm 
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The auditory "oddball" paradigm was selected as an initial starting point in 

assessing the effects of long term cannabis use upon electrophysiological indices of 

attention. The oddball paradigm is a discrimination task in which a rare target must be 

detected ftom a background of frequently occurring stimuli. The subject is presented 

with a ttain of identical tone pips which are occasionally replaced by a single deviant 

tone, differing on some aspect of the parameters of the tone, most often pitch or 

intensity. The order of stimuli is randomin=d, as a Bernoulli sequence, to avoid 

expectancy, with the low-probability target stimuli embedded within the sequence. This 

simple auditory discrimination "oddball" paradigm bas been used by many researchers of 

cognitive psychophysiology over the years, to reliably elicit the P300 component of the 

auditmy event-related potential. 

P300 is elicited by attended, task relevant, infrequent target stimuli and occurs 

maximally at centro-parietal scalp sites. Since P300 reflects various processes associated 

with evaluating a stimulus, including the allocation of attentional resources, it was 

hypothesised that P300 may be delayed or reduced in amplitude in the cannabis users 

compared to controls. P300 amplitude bas consistently been found to be reduced in 

schizophrenics (Michie et al, 1990; Pfefferbaum et al, 1984; 1989; Pritchard, 1986; 

W anl et al, 1991) 811)()1\g other psychiatric groups (Pfefferbaum et al, 1984) and 

alcoholics (Porjesz and Begleiter, 1987; William~, 1987). P300 amplitude has also been 

found to co11elate with ratings of clinical symptoms of schizophrenia (Pfefferbaum et al, 

1989; Shenton et al, 1989; Ward et al, 1991) and with perfon,,ance on perceptual-motor 

tests in alcoholics and controls (Parsons, Sinha and Williams, 1990). 
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P300 latency reflects the time taken to evaluate a stimulus. H stimulus-encoding 

processes were impaired in cannabis usen, P300 latency would be delayed by a constant 

amnllllt regardless of task difficulty. If stimulus-encoding processes were nonnal but 

stimulus-evaluation was impaired, then any latency differences in P300 would increase 

as a function of task difficulty. These hypotheses were tested by presenting two tasks of 

increasing difficulty. The auditmy oddball task also allowed examination of the earlier 

exogenous and endogenous components Pl, Nl, P2 and N2 described in Chapter 6. 

7.1.1 Method 

Subjects 

Ten cannabis users were leCIUited from the general community by advertising in 

the newsletter of NORML (National Organintion f<r the Ref mm of Marijuana Laws) 

and by wmd of mouth. Three were personally known by the experimenters. Control 

subjects were selected flom the friends and associates of the experimenters (N = 7) and 

respondents to an advertisement at a student employment centre on a university campus 

(N = 3). All subjects wt: paid for their participation. 

Subjects were irutially sciee,1ed in a telephone interview. The criterion for 

inclusion in the user group was a minimum of three years of regular use of cannabis. 

This was defined as using cannabis at least twice a week on average over the last three 

years. Subjects were asked specific questions relating to their general health (see 

Appendix B) and any respondents with a history of fits, febrile, neurological or 

psychiatric illnesses, multiple concussion or periods of unconsciousness were excluded 

from testing. 
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Subjects on any prescribed •1o:tication other than antibiotics were excluded from 

the sample. Subjects were screened for alcohol comumption with the following criteria 

for inclusion in the sample: less than 28 standard drinks per week on average for males 

and less than 14 for females, based on the National Health & Medical Research Council 

(1986) guidelines for levels of "safe" drinking. A standard drink in Australia contains 

10 g of absolute ethanol Further aitcria for inclusion were no more than one month of 

continuous drinking above these levels in the last three years and no more than six 

months ever of drinking above these levels. Subjects were screened for other drug use 

and ~jccted on the basis of a histmy of any regular substance use (defined as greater 

than or equal to once a month) <r any subject having used any other drug in the month 

prior to testing. 

Technical malfunction of computer equipment resulted in lost oddball data for two 

cannabis users. Hence, the final sample in this experiment consisted of five male and 

three female cannabis users, aged 19-45 (mean 32.25 yrs, SD = 9.90). These were 

matched on age (to within three years), sex and years of education with eight of the non

user controls, aged 21-44 (mean 32.38 yrs, SD = 9.10). The average number of 

standard drinks per week cons1i11<d by the user group was 11.25, (SD = 10.54) and 

4.50, (SD = 3.16), by the control group. Alcohol consumption did not differ between 

groups (F(l,14)= 3.01, p = 0.1047). All subjects had completed 13 years of school 

education and at least one year at tertiary level. 

The National Adult Reading Test (NART) (Nelson, 1984) was used as a measure 

of premorbid IQ. Cannabis users and controls did not differ in this regard [Users: 39.88 

(SD = 5.64) = Full Scale IQ 119.6; Controls: 39.63 (SD = 3.93) = Full Scale IQ 

119.39; F(l,14) = 0.01; p > 0.90]. All subjects were right handed, assessed on the 

Fninbmgh Inventory (Oldfield, 1971). 
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The mean years of cannabis use in the user group was 11.6 yrs (SD = 6.25, range 

3 - 20 yrs) and the average level of use was 5.13 days per week (SD = 1.64, range: three 

days per week to daily use). The mean weekly consumption was 727 mg 1HC (SD = 

804, range 150 - 2400 mg/week), calculated as 15 mg 1HC per average cannabis 

cigarette. The longest period of abstinence from cannabis in the last three years ranged 

from none to three months, mean 32 days (SD = 30.48). Of the controls, two had never 

tried cannabis, three had tried it once <r twice, and the remainder had used cannabis 

occasionally at parties between 3 and 7 years ago with the most experienced control 

having used 12 times in his entire life. 

Following the telephone saecn, an appointment was rnade for the test session 

(usually within the following week). Subjects were instructed to abstain from cannabis 

and alcohol for at least twelve hours prier to testing. The day before the test session 

subjects were telephoned and reminded of these instructions and requested to provide a 

mine umple prior to going to bed. All subjects complied with this request. 

Stimuli 

A series of tone pips was presented binaurally through TDH-49 headphones at 80 

dB SPL with random stimulus onset asynchrony (SOA) of 1000- 2100 ms (mean 1550 

ms). Each run consisted of the ~sentation of 102 tones of 50 ms duration with a rise 

and fall time of 10 ms. The duration of the run was 1 <,O seconds. Most of the tones 

were of low frequency (1000 Hz), while 25% were of a higher pitch, the designated 

targets. 1bere were two conditions re~senting two levels of difficulty in discriminating 

the high from the low pitched tones: in the easy condition, high tones were set at 2000 

Hz; in the difficult condition the high tones were 1100 Hz. Subjects were instructed to 

~spond with a button press whenever they heard a high tone. 
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ERP recording 

Seven channels of electrophysiological data, six EEG and one EOG, were 

recorded using an electrode cap (Electro-cap International) and tin electrodes 

respectively. The data were recorded using a Beckman Accutrace EEG machine with a 

time constant of 5 seconds and high frequency cut off of 30 Hz (3 dB down). Scalp 

electrodes were located over six lateral sites, F3, F4, C3, C4, P3 and P4. The EOG 

channel monitored vertical and horimntal eye movement via electrodes taped above and 

on the outer canthus of the left eye. All scalp electrodes were referred to linked earlobes. 

A light-emitting diode one metre away from the subject at eye level was used as a 

fixation point. The ground electrode was located on the forehead. EEG and EOG 

channels were continuously digitised at 5.76 ms/point (175 Hz) for the duration of a run 

and stored on disk with stimulus and response markers for later analysis. Stimulus 

presentation and data acquisition were controlled by a Data General NOV A 4-C 

computer. 

Procedure 

Upon arrival at the laborauwy, subjects provided written infonned consent (as per 

Appendix A) and deposiled their urine sample fum the previous evening in a freezer. 

They were requesled to provide a serond urine sample sometime during the test session. 

Urine samples were subsequently analysed to confirm that the subject was not in an 

acutely intoxicated state during testing. The criterion upon which this assertion was 

based was that the me levels detected in the serond sample were lower than those 

detected in the first. 

Subjects participated in a single three hour test session. They were interviewed 
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about their general health and detailed drug history according to a structured 

questionnaire (see Appendix B) and completed a number of other questionnaires 

designed to assess various aspects of anxiety and other psychopathologies. The results 

of these assessments are discussed in Chapter 10. 

Subjects were tested for 001,oatl hearing by standard audiometric assessment. 

They sat in an arm-chair in a darkened, sound-reduced room adjacent to the laboratory. 

The response button was mounted on the arm of the chair and they were instructed to use 

their index finger to depress the button. Subjects were given a short demonstration of 

each of the tone types to familiarise them with their sound The electrodes were then 

attached and the recmling session co11u1aenced. They completed two runs of each 

condition (easy and difficult), responding with alternate hands. The order of responding 

hand and condition was counterbalanced across subjects. 

Data analysis 

Button press tesponses were classified as correct detections or "hits" if they 

occurred within a 200 to 1200 ms response window after a target stimulus (a high tone). 

Reaction time was measured as the latency in on of the button press from the onset of 

the tone. A target not followed by a response within the response window was regarded 

as an eitor of omission or "miss". All other button presses were regarded as errors of 

commission or "false alarms". 1be number of hits as a ratio of the total number of 

targets (high tones) provided an estimate of the hit rate, while the false alarm rate was 

calculated as a ratio of the total number of nontargets (low tones). 

The digitised EEG data with stimulus and response markers were analysed on a 

V AXl 1nso using a program which extracted overlapping epochs of 1050 ms including 

a 150 ms pre-stimulus baseline. All epochs containing EOG anefact greater than 64 µ V 
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were rejected prior to averaging. Separate averages were created for hits and misses, 

and for nontarget stimuli, excluding those which were followed by a false alarm 

~sponse. Averages to the same stimulus type were ~ummed over runs with left and 

right hand responses. All amplitude meas11res were made relative to a 150 ms pre

stimulus baseline. Latency meas,ll'Cs were relative to stimulus onset. The data were 

analysed using BMD-P2V analysis of variance. The Greenhouse-Geisser method of 

adjusting the degrees of freedom was used to determine the significance of main effects 

and interactions where appropriate (Vasey and Thayer, 1987) for all analyses reported in 
this thesis. 

7 .1.2 Results 

Performance data 

Pclfor,oaTI<:e measures frrm cannabis users and conttols for both easy and difficult 

conditions of the auditory oddball task are presented in Table 7 .1. Measures of reaction 

time in milliseconds, percent Wttect detections and percent e11ors of commission (false 

alarms) were subjected to an analysis of variance with a group factor and two levels of 

difficulty for condition. As to be expected from the experimental manipulation, reaction 

times were significantly longer [F(l,14) = 31.55, p < 0.0001] and the number of correct 

detections significantly fewer [F(l,14) = 4.61, p < 0.0498] in the difficult condition than 

in the easy condition. However there were no significant differences between groups 

and no interactions between group and condition. 

While cannabis users appeared to have longer reactions times than controls, this 

difference failed to reach statistical signifJCance [Group: F(l,14) = 2.10, p > 0.16; 

Condition x group: F(l,14) = 0.15, p > 0.70]. The number of co11ect detections 

dropped marginally f<r both cannabis users and controls in the diffteult condition, with 

no significant difference between the two groups [Group: F(l,14) = 0.00, p = 1.00; 

Condition x group: F(l,14) = 0.14, p > 0.71]. The increased difficulty between 
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conditions was not reflected in a greater number of C11ors of commission [F(l,14) = 

1.18, p > 0.29) and once again there were no group differences [Group: F(l,14) = 0.56, 

p > 0.46; Condition x group: F(l,14) = 1.84, p > 0.19]. 

Table 7 .1 Mean performe!lce measures of reaction time (RT), 

llit rate and false alarm rate (SD in parentheses) for cannabis users . 
and controls in the auditory "oddball'' paradigm. 

CANNABIS 

USERS 

CONTROLS 

Easy 

RT 

(ms) 

385.11 

(54.57) 

348.25 

(67.36) 

Diff 

454.62 

(55.41) 

408.74 

(67.78) 

HIT RATE 

% 

Easy 

98.13 

(2.10) 

97.63 

(2.10) 

Diff 

94.75 

(6.10) 

95.25 

(5.30) 

FAI .SE ALARM 

RATE% 

Easy 

0.63 

(0.89) 

0.68 

(0.68) 

Diff 

0.68 

(0.60) 

0.23 

(0.31) 

Paradoxically it appeared that controls made more errors in the easy condition than 

the diffJCult, however, the actual nu~rs of e11ors were extremely low: a percentage of 

0.68 reflects 0.51 false alarms per every 75 stimuli that are nontargets, that is, on 

average less than one false alarm per run. A large number of both users and controls 

made no e11ors whatsoever. Therefme, while the difficulty of discriminating the high 

from the low tone resulted in increased JCaction times for the difficult condition, the task 

itself remains a relatively simple t.ask of comparatively low cognitive load. Thus, the 

~mand for cognitive resources would be low. 
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ERP data 

Grand average ERPs to infn:qucnt target stimuli recorded at frontal, central and 

parietal scalp sites from cannabis users and controls are depicted in Figure 7 .1 for both 

easy and difficult conditions. Figure 7 .2 shows ERPs to the frequent stimuli for which 

no response was required. Visual inspection of the waveforms indicated few differences 

between groups. Both groups showed large Nl components, followed by the P2-N2 

complex and a well foi 11<d P300 component to the target stimuli. The analyses reported 

below were perfo,i1ed on target data. 

Nl, measured as the most negative ~k between 50 and 200 ms at frontal and 

central sites, was found to occur slightly later in the left hemisphere [F(l,14) = 8.51, p < 

0.0113), with a bend toward longer latency at frontal sites in the difficult condition 

[F(l,14) = 4.29, p < 0.0572], but there were no group effects or interactions, indicating 

that cannabis users and controls did not differ in the latency of this component. The 

amplitude of the Nl peak was larger at frontal than central sites [F(l,14) = 6.25, p < 

0.0255], and there was a bend toward Nl being larger in the left hemisphere in the user 

group but larger in the right hemisphere in controls [F( 1, 14) = 4.57, p < 0.0506]. 

N2, the most negative peak between 180 and 400 ms at frontal and central sites, 

was larger in the difficult condition for both users and conttols [Condition: F(l,14) = 

5.60, p < 0.0330] but there was no significant group interaction [F(l,14) = 2.59, p = 

0.1302]. However, analysis of N2 latency revealed a significant effect of group 

[F(l,14) = 5.06, p < 0.0412] and an interaction between condition and group [F(l,14) = 

7.81, p < 0.0143]. Multiple comparisons of each group for each condition revealed N2 

to peak significantly later in users than controls in the difficult condition [F(l,14) = 

11.11, p < 0.0049]. 
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Fipre 7 .1 Grand avera1e ERPI to infrequent target stimuli (bigb pitch 
toaes) recorded duria1 easy and difficult auditory "oddball'' 
paradi11111 from cannabis u1ers and controls. 
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The P300 was measured as the most positive peak occurring between 200 and 600 

ms at all scalp sites to examine possible differences between groups in the frontal P3a 

and parietal P3b components. P300 peaked significantly later in the difficult condition 

[F(l,14) = 78.30, p < 0.0001] and at parietal sites [F(2,28) = 9.91, p < 0.0020], 

however groups did not differ in P300 latency [F(l,14) = 0.97, p > 0.34] and there was 

no interaction between condition and group [F(l,14) = 1.64, p > 0.22]. 

Analysis of P300 peak amplitude revealed a significant interaction between 

condition, electtode and group [F(2,28) = 8.66, p < 0.0024). Multiple comparisons of 

each group at each site for each condition failed to reveal the nature of the significant 

interaction, but simple comparisons of easy and difficult conditions at each site for each 

group separately indicated that in cannabis users P300 peak amplitude was markedly 

reduced at frontal [F(l,7) = 48.32, p < 0.0002] and central [F(l,7) = 20.42, p < 

0.0027] sites in the difficult condition compared to the easy condition. Controls showed 

no significant reduction in P300 amptibxle in the difficult condition at any site. Overall, 

P300 was larger in the easy condition [F(l,14) = 9.11, p < 0.0092], largest at parietal 

scalp sites [F(2,28) = 13.26, p < 0.0001] and was smallest in amplitude at frontal sites 

in the difficult condition [F(2,28) = 7 .34, p < 0.0049]. 

The nature of these effects on P300 peak amplitude and group differences is 

apparent in Figure 7 .3: P300 appean reduced steadily across all sites in the difficult 

condition for controls (albeit nonsignificantly), whereas for users P300 is drastically 

reduced at frontal sites, although the scalp topography distribution of P300 appears quite 

different in the users in the easy condition compared to controls. Users showed an 

uncharacteristically large frontal P3 component in the easy condition. 
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Fi1ure 7.3 Easy ven111 difraeult auditory "oddball'' P• amplitude data 

from cannabis u1er1 (THC) and controls (CON). 

P300 was largest in the right hemisphere [F(l,14) = 7.70, p < 0.0149] and this 

hemispheric laterality was most apparent at central sites [F(2,28) = 3.55, p < 0.0422]. 

Analysis of the mean amplibxle measured over 200 to 600 ms revealed no differences 

between groups. Although users appeared to show smaJJer late frontal negativity than 

controls in the easy condition, analysis of the mean amplitude between 400 and 800 ms 

revealed no group differences c.- interactions. 

ERPs to frequent tones (Figure 7 .2) appeared to be quite similar in both cannabis 

users and controls. 1be only component measured, Nl, was larger in the easy than in 

the difficult condition [F(l,14) = 10.22, p < 0.0065] and was largest at frontal sites 

[F(l,14) = 8.39, p < 0.0117], but did not differ between groups. 
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7 .1.3 Discussion 

The results of this first experiment were suggestive of possible electto

physiological and info11118tion processing differences between cannabis users and 

controls. The experimental manipulation of task difficulty supponed the hypothesis that 

any differences between cannabis users and con1rols are more likely to be detected in 

difficult and demanding tasks~ 

There were no significant differences between users and controls in the easy 

oddball paradigm. The scalp topography of the P300 component appeared to be 

different in the user group, with a much more frontal distribution in the easy condition. 

This may reflect the elicitation of a P3a component which has a more fronto-central 

distribution. P3a amplitude is related to the degiee of physical contrast with background 

stimuli (Squires, Squires and Hillyard, 1977; Squires et al, 1975), making it more likely 

to be elicited in the easy condition. However, since it is generally elicited by infrequent, 
. 

unattended, task inclevant stion1Ji, the,c is doubt as to whether the frontal component 

observed in users is 1n1Jly a P3a. H anything, this result may be suggestive of some 

functional differences between cannabis users and controls in frontal regions of the 

brain. 

The main differences between users and controls occurred in the difficult 

condition. Cannabis users showed a delayed N2, which suggests a possible delay in 

stimulus evaluation in cannabis users with more difficult stimulus discriminations. 

N200 latency has been shown to cmrelate with reaction time (Ritter et al, 1979) and 

cannabis users indeed had longer reaction rimes than controls, albeit nonsignificantly. 

Interestingly, N2 latency has been 1epmted to increase as a function of age (lragui et al, 

1993) and the same authors repmted in their auditory oddball paradigm that aging is also 
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associated with greater anterior positivity, in terms of larger frontal P300 components. 

ZA=ef and Kok (1993) and Friedman, Simpson and Hamberger (1993) have also 

demonstrated that the scalp distribution of P300 changes with age to a more frontal 

mientation. The latter authors point out that the shift to a more anterior distribution of 

P300 is one of the most robust age-related findings in the ERP literature, and is 

consistent with a change in frontal lobe activity with increasing age. It is possible that 

the effects observed here on N2 latency and the large frontal P300 component in 

cannabis users may teflect accelerated aging in terms of cognitive decline. This 

hypothesis is in accmd with the studies ofLandfield (et al, 1988) and Eldridge (et al, 

1992) which e,camined the interactions between cannabinoids and glucocorticoid system 

in the brain and suggested that cannabinoids may accelerate brain aging (see Chapter 4). 

Despite the delay in N2, P300 was not significantly later in users than conttols. 

The lack of overt P300 latency differences in the user group suggests that ~timulus

encoding processes in users may be intacL However, it does not eliminate a deficit in 

stimulus evaluation. As discussed in Chapter 6, N2 has been suggested to be a better 

index of ~timulus evaluation time than P300. Further, the amplitude of P300 was 

smaller in users than conuols for both easy and difficult conditions, nonsignificantly 

overall, although the mm-e difficult pitch disaimination significantly reduced the P300 in 

cannabis users at frontal and central sites. This is suggestive of some dysfunction in 

stimulus evaluation strategies and allocation of attentional resources, evident primarily in 

the region of the frontal cortex. It has recently been suggested that there may be multiple 

neural generators of the P300 component distributed throughout the brain (Johnson, 

1993), and it is possible that cannabinoids may selectively disrupt neural sources in the 

frontal lobes. This hypothesis of frontal dysfunction is not entirely inconsistent with the 

aging related effects on P300 discussed above, as it may be that strategic or functional 

differences due to an increase in task difficulty camouflage the aging effect on P300. 

Nonetheless, these hypotheses are speculative and any inte1pretation of data from such a 

small sample must be ttcatcd with caution. 
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The auditory oddball paradigm provided a means to examine auditory ERPs 

reliably elicited by a simple task in cannabis users compared to controls. Although, 

differences between groups may have been more apparent had a larger sample been 

studied, the simple nature of this task may not permit the detection of any cognitive 

dysfunction. The results provide some clues as to possible deficits, but the nature of 

these has not been elucidated. The auditory oddball task does not draw heavily upon 

attentional resources (ie. was not attentionally demanding), requiring little more than 

simply ~sponding to a deviant ~timulus. 

The next experiment was designed to engage attentional resources more fully in a 

substantially more demanding task, tapping specifically the ability to selectively attend to 

task-relevant stimuli while suppressing task-irrelevant information. 

7 .2 Experiment two: Effects of long term cannabis use on ERPs 

recorded during an auditory selective attention paradigm 

In this experiment, ERPs were iecmled during a complex multidimensional 

auditory selective attention task based on a paradigm developed by Hansen and Hillyard 

(1983). This tuk involved the presentation of a random series of tone pips which varied 

on the dimensions of location, pitch and duration. Subjects were required to attend to 

tones of a panicular location and pitch and to respond to infrequent target tones of 

slightly longer duration than the short duration background standards. The task is 

difficult and cognitively demanding, but has been used successfully to investigate 

information processing among a number of other clinical groups suspected of deficient 

attentional mechanisms, for elCample, schizophrenics (Michie et al, 1990; Ward et al, 
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1991 ). lbere exists a wealth of nmnative data on the ERP patterns elicited by this 

paradigm, as discussed in Chapter 6. 
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The paradigm is useful for studying hierarchical modes of information processing 

by manipulating the difficulty of discrimination of each dimension. In this case, the 

duration discrimination was the most difficult, followed by pitch and then location. This 

enables the subject, whose task is to selectively attend to a particular combination of 

these dimensions, to rapidly reject half of the stimuli from funher analysis on the basis 

of location. Use of this paradigm would determine whether chronic cannabis users 

engage in a less efficient mode of info1,,1arion processing than do controls, and whether 

their ability to selectively attend and ign<re irrelevant information is compromised. 

Processing negativity (PN) and P300 w~ the two components of particular relevance in 

this study. 

7.2.1 Method 

Subjects 

Subjects in this experiment consisted of the same sample as that initially recruited 

for experiment one (N=lO cannabis users). Subjects were tested immediately following 

the oddball paradigm of experiment one and were therefore abstinent from cannabis and 

alcohol for at least twelve hours prier to testing. One cannabis user was unable to do the 

selective attention taskz Hence, the final sample in this experiment consisted of six male 

and three female cannabis users, aged 19-40 (mean 29.4 yrs, SD = 8.47). These were 

matched on age (to within two years), sex and years of education with nine non-user 

controls, aged 21-41 (mean 29.5 yrs, SD = 7.76). The average number of standard 

drinks per week consurt;al by the user group was 11.44 (SD = 9.41) and 5.67 (SD = 
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5.68) by the control group. Alcohol consumption in the two groups was not 

significantly different [F(l,16) = 2.49, p > 0.13). 
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Premorbid IQ, as assessed by the NART (Nelson, 1984) did not differ between 

groups [F(l,16) = 0.11, p > 0.74]. All subjects had completed 13 years of school 

education and at least one year at tertiary level. Within each group, eight subjects were 

right handed and one left handed, as determined by the &linburgh Inventory (Oldfield, 

1971). 

The mean years of cannabis use in the user group was 11.2 yrs (SD = 6.98, range 

3 - 20 yrs) and the average level of use was 4.77 days per week (SD = 1.85, range twice 

a week to daily use). The mean weekly consumption was 766 mg 1HC (SD = 859, 

range 30 - 2400 mg/wk). The longest period of abstinence from cannabis in the last 

~ years ranged from 3-4 days to three months, mean 42 days (SD = 27.76). 

Controls had no lll<X'C experience with cannabis than that described for experiment one. 

Stimuli 

Stimuli consisted of sequences of tone pips delivered randomly to the left or right 

ear via stereophonic headphones (IDH 49) at an intensity of 80 dB SPL. The tones 

varied in location (left ear/right ear), pitch (high/low) and duration (long/shon). Half the 

tone pips presented to each ear were 1047 Hz and the remainder were of a higher pitch at 

1319 Hz (representing C6 and E6 on the musical scale). Tones at each ear/pitch 

combination occUlffli with equal probability (p = 0.25). Within each ear/pitch 

combination, nineteen percent of the stimuli were 51 ms in duration (the standards) and 

six percent were 102 ms (the w-gets), both having a 10 ms rise and fall time. The 

stimuli were presented as a randooi sequence lasting 160 seconds per run with and SOA 

of 200 to 500 ms. All aspects of stimulus delivery and randomisation were under 
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computer control (Data General Nova 4-C), the only constraint placed on the 

randomisation procedu~ being that two target stimuli of the same type could not occur 

consecutively. 

ERP recording 

As subjects completed the selective attention task immediately following the 

auditory oddball paradigm of experiment one, all ERP recording parameters were 

identical to those described above. 

Procedure 

The procedure followed bas been described above in experiment one. One 

8'1ditional pocedmal step prim- to the co11u1,encement of this experiment was that 

subjects were given training on the selective attention task until they achieved the 

criterion level of perf0111,ancc of 50% bits and no more than 25% of responses being 

false alarms. This was generally achieved after two practice runs of two and half 

minutes each for both usen and controls. 

Subjects were instructed to attend to a particular location and pitch, and to respond 

as rapidly as possible to the long duration tones by pressing the response button 

mounted on the arm of the chair. There were four attention conditions: respond to left 

low long, left high long, right low long or right high long. Each subject completed two 

runs of each attention condition, one with a right hand response and one with a left hand 

response. The order of attention conditions and responding hand was randomised 

aroong subjects and counterbaJaTiced across groups. 
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Data analysis 

Button press responses were classified as correct detections or "hits" if they 

occuned within a 200 to 1200 ms response window after an attended target stimulus. 

Reaction time (RT) was measured as the latency in ms of the button press from the onset 

of the attended target An attended target not followed by a response within the response 

window was regardai as an e11or of omission or "mis~". Button presses at other times 

were regarded as e1101s of commission or "false alarms". The number of hits as a ratio 

of the number of attended targets provided an e~timate of the hit rate, while the false 

alarm rate was calculated as a ratio of the total number of nontargets. 

The EEG data was processed and analysed as described above for experiment one, 

and statistical analyses~ described in mare detail in the results section below. Hansen 

and Hillyard (1983) adopted a proced11re for stimulus classification to denote whether the 

stimulus matched ( +) or did not match (-) the target of each run, on each of the stimulus 

characteristics of location (L), pitch (P) and duration (D). Thus, the attended target 

requiring a response was denoted by L+P+D+, whereas a stimulus presented to the same 

location but of a different pitch and of short duration, was denoted by L+P-D-. For 

purposes of simplicity, and also to emphasise the differences between cannabis users 

and conttols that will become apparent later, the labels adopted in this thesis for each 

stimulus type will use Hansen and Hillyard's abbreviation for attended and unattended 

location as L+ and L- respectively, but otherwise will denote the stimulus as being of 

relevant or irrelevant pitch. Thus, a stimulus notation of ''L+ irrelevant pitch" denotes a 

stimulus presented to the ear to which the subject was to attend, but of a pitch the subject 

was to ignore. Accmding to Hansen and Hillyard's classification system, such a 

stimulus would be denoted by L+P-D+ if it were of long duration, or by L+P-D- if it 

was a short duration tone. Here, short duration tones will be referred to as standards 

and long duration tones as targets. Averages to the same stimulus type across different 
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attention conditions were created, but collapsed across high and low pitched stimuli and 

runs with left and right hand responses, and sorted according to whether they were 

mcorded from the hemisphere ipsilateral or contralateral to the stimulated ear. 

7 .2.2 Results 

Task perfo,,1aance measures of reaction time, percent cmrect hits and false alarms 

are depicted in Table 7 .2. The mean reaction time of the user group was longer than that 

of the control group but this difference failed to reach statistical significance [F(l,16) = 

1.08, p > 0.31). Cannabis users had a significantly lower coITeCt hit rate than controls 

[F(l,16) = 4.67, p < 0.0461). Users made significantly more false alarms than controls 

[F( 1, 16) = 6.10, p < 0.025 1]. Thus, most of the perfo,,, aance measures indicated that 

the perfo11aaan.ce of cannabis users in this selective attention task was poorer than that of 

the controls. 

ERP data 

The processes of selective attention were assessed by comparing the amplitudes of 

the various ERP components elicited by the four standard and four target stimuli 

distinguished on the basis of their location and pitch characteristics. These measures 

were subjected to a mpeated measures analysis of variance (BMD-P2V), with factors of 

group, stimulus, electrode site and hemisphere. Here, and for the remain.der of this 

thesis, analyses of the early components (Pl, Nl, P2) will only be reponed if significant 
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Table 7 .2 Mean task performance measures of reaction time (RT), 

hit rate and false alarm rate of cannabis users and controls (with SD 

in parentheses). 

USERS 

CON1ROLS 

RT 

(ms) 

573.06 

(67.63) 

536.96 

(79.25) 

Hit rate 

(%) 

71.94 

(16.04) 

86.72 

(12.79) 

False alarm 

rate (%) 

1.64 

(1.58) 

0.32 

(0.29) 

group effects or interactions were found Similarly, the results reported from analyses 

of all other ERP components will focus on group differences and not effects due to 

experimental manipulation. 

Figure 7 .4 depicts grand average ERPs to long duration target stimuli recorded 

from frontal, central and parietal scalp sites of cannabis users and controls. The L+ 

relevant pitch trace represents the brain's response to the attended target tones which the 

subjects had to identify and respond to with a button press. The large positive 

component evident in this trace is the P300, and the most noticeable difference between 

groups upon fmt inspection of the plots is the amplitude of this component. It appears 

greatly reduced in cannabis usen compared to controls at all electrode sites. 
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The P300 component was measured as the mean amplitude between 300 and 900 

ms. Analysis of variance confirmed that this component was smaller across all electrode 

sites in the user group compared to the control group [F(l,16) = 4.37, p < 0.0528]. 

When measured as the most positive peak occllffing in the same range, there was a trend 

toward smaller peak P300 in users compared to controls [F(l,16) = 3.61, p < 0.0757], 

but the latency of the peak did not differ between groups [F(l,16) = 0.63, p > 0.43]. 

The other striking difference between groups was the large N200 also in the L+ 

iclevant pitch trace in controls, which appeared greatly reduced in users. In the early 

pan of the epoch, similar patterns of processing of the location dimension were evident 

in both groups, with early separation of the L+ and L- traces at frontal and central sites. 

By about 200 ms, the L+ relevant pitch trace separated sharply from the L+ irrelevant 

pitch trace in controls with a second negative peak, the N200. The L+ relevant pitch and 

L+ irrelevant pitch ERPs fail to separate well in the user group compared to controls. 

The lack of separation between relevant and irrelevant pitch traces in users was due 

not only to the reduced N200 in the relevant pitch ERP, but also the appearance of an 

N200 in the irrelevant pitch trace in users, seen most clearly between 200 and 300 ms at 

frontal and central sites. There is no evidence of an N200 in the L+ irrelevant pitch trace 

in conttols. Due to its close proximity to the Nl component and large intersubject 

variability in its latency, the N200 peak in the both L+ relevant and irrelevant pitch traces 

was not measurable. Inspection of the individual subject wavefo1ms revealed eight of 

the nine users to show a clear N200, while only four of the controls tended to show 

small negative peaks to the ilTelevant pitch stimulus. Attempts to verify this difference 

between groups resulted in a marginally significant interaction between stimulus and 

group when the mean amplimde between 250 and 275 ms was analysed [F(l,16) = 

4.36, p < 0.0532], but multiple comparisons of each stimulus for each group failed to 
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Fi1ure 7.4 Grand avera1e ERPs to target stimuli (long duration tones) 
recorded during an auditory selective attention task from cannabis 
users and controls. 
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reach significance. This pattern of results is indicative of poor selection of the relevant 

pitch target stimulus, and unnecessary processing of the irrelevant pitch stimuli in the 

user group, pcrliaps reflecting an inability to reject pitch irrelevant stimuli at an early 

stage of processing. 

Figure 7 .5 depicts grand average ERPs to short duration standard stimuli. The 

imponance of examining ERPs to standard stimuli is that they provide a measure of the 

processes involved in selective attention, uncontaminated by target detection, response 

~paration and response execution processes. The ERPs of the two groups appeared to 

be similar in the early range of the epoch. The early components, Pl, Nl and P2 were 

measured at frontal and central scalp sites as the most positive peak between 25 and 150 

ms, the most negative peak between 50 and 250 ms and the most positive peak between 

100 and 300 ms respectively. Analyses of peak amplitude and latency revealed some 

unexpected differences between groups. Cannabis users showed shoner latency Pl 

[Group: F(l,16) = 4.36, p < 0.0530] and Nl [F(l,16) = 7.79, p < 0.0131] components 

than controls. P2 latency did not differ between groups [F(l,16) = 1.10, p > 0.30]. 

There were no group differences in the amplitude of Pl [F(l,16) = 0.16, p > 0.69], Nl 

[F(l,16) = 0.07, p > 0.78] or P2 [F(l,16) = 1.31, p > 0.26]. A ~timulus by group 

interaction was marginally significant for Pl amplitude [F(3,48) = 2.88, p < 0.0510], 

but multiple comparisons of each group for stimulus failed to reveal the nature of the 

interaction. Means suggested that users had smaller amplltude Pl to all stimuli apart 

from the L+ relevant pitch ~timulus. The latency differences between groups in these 

early components are difficult to inte1p1et 

The processes of selective attention can be seen from Figure 7 .5 to commence 

around the beginning of the N 1 peak with the separation of the two L+ and two L-

ERPs. Early processing negativity (PN) is evident around the N 1 peak in both groups in 

the two L+ ERPs. This early enhancement of the L+ traces and positive going shift of 
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the two L- traces indicates that cannabis users had no difficulty selecting or rejecting 

stimuli on the basis of location. With the processing of the pitch dimension, the controls 

show a large PN to L+ relevant pitch stimuli, while the user group fails to sustain this 

negativity between 200 and 300 ms at frontal and central sites. Analysis of the mean 

amplitude of the L+ relevant pitch trace within this range determined a significant group 

difference [F(l,16) = 5.05, p < 0.0391]. This is indicative of difficulty in users in 

selecting relevant from irrelevant information when the selection is based on more 

complex stimulus atttibutes. 

The most striking difference between the two groups apparent in Figure 7 .5 is the 

large processing negativity (PN) shown by cannabis users to the inelevant pitch stimuli 

in the attended ear. Relative to the L+ relevant pitch trace, the L+ inelevant pitch ERP 

shows an enhanced negativity in the user group in comparison to controls. This 

difference between groups was evident as early as the N 1 peak, where N 1 appeared 

larger to irrelevant pitch stimuli than relevant pitch stimuli in users, but vice versa in 

controls. This observation was confirmed by a significant stimulus by group interaction 

for N 1 peak amplitude measured from ERPs to the L+ stimuli [F( 1, 16) = 9. 79, p < 

0.0065]. 

Mean amplitude measures over SO ms intervals at frontal and central sites were 

subjected to a four way analysis of variance with a group factor and repeated measures 

for stimulus type, electrode site and hemisphere. When all four stimuli were included in 

the analysis, the results suggestive of interactions between stimulus and group over the 

range from 50 to 400 ms, however, it was apparent that large variability in the measures 

of the two L- $timuli may have served to obscure any group differences in PN to L+ 

stimuli. As a result of this observation, analyses for L+ and L- stimuli were conducted 

separately. Although the two L- traces appeared to show larger separation in the control 

group than in users, the large variability in these measures resulted in no significant 

differences between groups in any range measured. 
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cannabis u1en and controls. 



Cl,,apter 7 167 

Analyses of mean amplitudes of the ERPs to L+ stimuli determined a significant 

interaction between stimulus and group for almost every range measured from 50 to 400 

ms into the epoch: (50-100 ms F(l,16) = 14.14, p < 0.0017; 100-150 ms F(l,16) = 

11.98, p < 0.0032; 150-200 ms F(l,16) = 5.74, p < 0.0292; 200-250 ms F(l,16) = 

3.27, p < 0.0893; 250-300 ms F(l,16) = 4.30, p < 0.0545; 300-350 ms F(l,16) = 

6.60, p < 0.0256; 350-400 ms F(l,16) = 2.68, p < 0.0942]. Low power due to the 

small sample size resulted in no significant effects upon multiple comparisons of the two 

groups for each stimulus. The trends were in the direction of larger negativity to 

irrelevant pitch stimuli in usen over most of the range, but smaller mean amplitude in 

users to relevant pitch stimuli in the range from 200 to 300 ms. The mean amplitude 

from 50 to 400 ms was analysed and showed a significant stimulus by group interaction 

[F(l,16) = 4.74, p < 0.0447]; multiple comparisons suggested that this was primarily 

due to the large PN to irrelevant pitch stimuli in users [F(l,16) = 3.25, p < 0.0901]. 

There was also a tendency for PN to relevant pitch stirollli to be smaller in users [F(l,16) 

= 2.36, p < 0.1439). 

Although this negativity in the irrelevant pitch ERP appeared to persist to around 

600 ms in the user group, analyses of mean amplitudes over 50 ms and 100 ms intervals 

failed to detect differences between groups beyond 400 ms. An analysis of the mean 

amplitude over 200 to 600 ms, however, did reveal a significant difference between 

users and controls as an interaction with hemisphere [F(l,16) = 5.06, p < 0.0389], 

whereby the difference between groups was largest in the ipsilateral hemisphere. This 

difference is evident in Figure 7 .5. Towards the end of the epoch, there were no 

significant differences between the two groups on the late component of PN to pitch 

ielevant tones and the inappropriately large PN to irrelevant pitch tones did not continue 

beyond 600 ms in users. 
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These differences between groups are also replicated in the pitch difference 

wavef01ms presented in Figure 7.6. The difference wavefm~, representing Nd, were 

aated by subtracting the L+ irrelevant pitch ERP from the L+ relevant pitch ERP. The 

iesulting wavefmim in Figure 7 .6 eanpbasize the large separation between the relevant 

and irrelevant pitch traces in controls, whereas in users the separation is much smaller. 

This separation can be seen to I 11111 nee with a sharp rise in Nd around 200 ms, 

partic11Jarly in the control group, while the earlier portion of the difference wave reflects 

smaJ]er stimulus diffmences in the early ERP components; the lack of Nd (or positivity) 

prim- to 200 ms in the users reflects ~ negativity in the it1elevant pitch trace (as 

discussed fer NI above). The lalency and amplimde of the largest peak in Nd within the 

50 to 400 ms range was analysed. This indicated the point of maximum separation of 

the relevant and it1elevant pitch ERPs but no differences were found between groups in 

the latency of this point [F(l,16) = 2.18, p > 0.15]. There was a trend toward 

significandy larger separation in the control group reflected in larger amp\itude peak Nd 

[F(l,16) = 3.43, p < 0.0827]. 
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Fipre 7 .6 Pitell difference waveforms (L+ relevant pitch minus L+ 

Irrelevant pitcll) for cannabis u1en and controls. 



Chapter 7 169 

Visual inspection of the raw ERPs of Figure 7 .5 indicated clearly that the largest 

differences between groups were due to the TCduced early PN to relevant pitch stimuli 

and the inappropriately large PN to hrelevant pitch stimuli in the user group. These 

observations were to an extent supported by statistical analyses, which would probably 

have been more robust had a larger sample been tested. Analysis of Nd measured in the 

difference wavefo,ms contributed no funher useful information regarding the nature of 

group differences. [1be rc,,,nindcr of the studies in this thesis will therefore concentrate 

on analyses of PN and not Nd]. This pattern of results is indicative of an inability to 

select and filter out ,tirnuli on the basis of complex stimulus attributes (eg. pitch). 

7 .2.3 Discussion 

The differences found between cannabis user and control groups in this experiment 

indicate that users may have some difficulty in setting up an accurate focus of attention 

and in ftltering out irrelevant infor,,1arion. 

Cannabis users displayed a similar pattern to conttols in the early filtering of 

stimuli which did not match the targets on the dimension of location, as evidenced by the 

separation of the L+ and L- wavefmms. However, both the presence of the N200 

component in the ERPs to long duration irrelevant pitch tones in the attended ear and the 

large PN elicited by shon dmation irrelevant pitch stimuli in the attended ear, imply that 

users were unable to effectively reject stimuli on the basis of pitch attributes. 

The largest differences between users and conttols were apparent in the early pan 

of the PN component. Ace<rding to Nliatiinen (1982), this part of the PN reflects a 

matching process between the sensory infmmation contained in the stimulus and an 
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"attentional trace", an active voluntarily mai"tained neuronal representation of the 

physical features defining the ~timuli which are the focus of attention. Thus, it appears 

to be the process of the selection and setting up of the attentional trace that is impaired, 

rather than its maintenance or rehearsal as would be reflected in the late component of 

PN accmling to NWldinen's theory. Funher, the reduced P300 amplitude suggests a 

dysfunction in the allocation of attentional resources and stimulus evaluation strategies 

(Isreal et al, 1980; Pritchard, 1981). 

The behavioural results of this study ~ imponant in demonstrating the value of 

examining the underlying 11-cchanisms involved in processing information. Although 

users were no slower to respond than controls, their perforoaance was significantly 

wcrse. It is not surprising then, that tests measming reaction time alone may fail to 

detect deficits in task performance. Further, performance measures alone would not 

mveal the nature of the attentional deficits revealed by examining the event-related 

potential measures. Taken together, both the performance and the ERP results of these 

studies imply that long term cannabis use may impair the ability to efficiently process 

information. 

At this stage it was not possible to assess to what extent this deficit may be due to a 

chronic build up of cannabinoids and whether functioning would return to normal upon 

discontinuation of use. The following experiments were designed to address these 

questions and to elf'.amine the quantity and duration of use at which dysfunction is first 

manifest. 1be differences found in this relatively small diverse sample warranted further 

investigation of cognitive functioning in long te1m cannabis users. 
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AND DURATION OF CANNABIS USE 

I.I Experiment tllree: TIie effects of frequency and duration of 

cannabis use on auditory selective attention 
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In Experiment 2, ERPs reamed during a complex auditory selective attention task 

were compared between a ,mall and heterogeneous group of long term cannabis users 

and a non-user control group. 1be tesults indicated that compared to controls, cannabis 

usen showed larger processing negativity to an irrelevant source of information, 

mflecting an inability to filter out exttaneous inf01111ation at an early stage of processing. 

Cannabis users also showed reduced P300 amplitude which was interpreted as a 

dysfunction in the allocation of attentional resources. The current study was designed to 

mplicate these findings with a larger sample and to examine the effects of frequency and 

duration of cannabis use. 
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8.1.1 Method 

Subjects 

Subjects were recruited bW1 the general community through advertising and gave 

written inf011;i00 consent (see Ap~odix A). The minimum requirement for participation 

as a cannabis user was mgular use of at least once a month for three years. The cannabis 

user group (N=32) had used cannabis for a mean of 6.69 years (range: 3 to 28 years) at 

a mean frequency of 12 days per month (range: once/month to daily use). The 

clW'acteristics of the entire sample and subgroups are presented in Table 8.1. 

The user group was split at the 1ualian on both frequency (light: S 2/week vs. 

heavy: ~ 3/week) and duration (shon: 3-4 years vs. long: ~ 5 years) of cannabis use. 

Mean levels of use for each group are provided in Table 8.1. Equal numbers of heavy 

and light users contributed to the long and shon duration user groups and vice versa. A 

group of non-user controls (N=l6) were selected to cover the range of age, years of 

education and sex distribution in the user groups. No control subject had ever used 

cannabis on a regular basis. The mean Dumber of lifetime experiences with cannabis in 

the control group was 9 (± 11.2). 

Due to the inevitable relationship between age and duration of use, long duration 

users were older than short duration users [F(l,30) = 18.01, p < 0.0002]. While 

controls did not differ in age f1om cannabis users overall [F(l,46) = 0.75, p > 0.39], it 

was ensured that they did not differ in age from long duration users [F(l,30) = 0.90, p > 

0.35]. This resulted in controls being significantly older than short duration cannabis 

users [F(l,30) = 12.60, p < 0.0013). Cannabis users consumed more alcohol per 

month than controls [F(l,46) = 7.43, p < 0.0090]. Age and alcohol consumption were 

accordingly included as covariates in the analyses (where appropriate). 
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Seventy five ptZCCl'lt of the sample were male and most had completed some 

tertiary education. Controls had slightly more years of education than users [F(l,46) = 

9.54, p < 0.0034] (equivalent to one or two more years at tertiary level). Full scale IQ, 

assessed by the NART (Nelson 1984) did not differ between groups based on duration 

of use relative to controls [F(2,45) = 2.04, p > 0.14], nor between groups based on 

frequency of use [F(2,45) = 2.30, p > 0.11). Attend toward lower IQ overall in the 

cannabis users compared to controls [F(l,46) = 3.56, p > 0.06] indicated that the 

~lationships between IQ and ERP components Deeded to be examined in light of any 

group differences. The actual difference in IQ was very ~mall, at 116.3 for users, 

compan,d to 119.5 fm- controls. These levels ate in the superior to high average range 

for Full Scale IQ. 

Subjects were excluded from the sample if they had a history of any psychiatric or 

neurological disorders, head injury m- significant use _of any other drugs (~ once/month) 

er alcohol abuse. C-aooabis users were instructed to abstain from cannabis and alcohol 

for 24 hours prior to testing and to provide urine samples the night before testing and 

during the test session to ensure that they had not consumed cannabis in the intervening 

period. Users were excluded if the level of metabolites detected in the second urine 

samp\e was substantially higher than that in the first. 

The mean level of the cannabinoid metabolite 1HC-COOH detected in the evening 

urine sample was 100.91 ng/ml (39.03 ng/ml nmmalised) and that on the day of testing 

90.72 ng/ml (19.84 nm1111Jised). There was much variability in levels detected across 

subjects and approximately <,()'I, showed zero levels of urinary cannabinoids. The 

control group provided a urine sample during the test session and any subject returning a 

positive urine for other drugs was excludect (The 32 cannabis users and 16 controls 

reported here represent the final sample after all exclusion criteria were applied). 
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Table 8.1. Sample cllaracteristics: mean and (SD) 

Years of NART Alcohol Cannabis Cannabis 

Group Sex Age Education Se<re Consumption Duration Frequency 

Long 13M 28.9 

N=16 3F (8.2) 

Shon 12M 19.9 

N=16 4F (2.0) 

Heavy 12M 23.5 

N=16 4F (7.4) 

Light 13M 25.3 

N=16 3F (7 .7) 

Overall 25M 24.4 

Cannabis 7F (7 .5) 

users 

Controls 12M 26.3 

N=16 4F (7.0) 

14.1 

(2.1) 

13.2 

(1.2) 

13.2 

(1.8) 

14.2 

(1.7) 

13.7 

(1.8) 

15.6 

(2.4) 

36.8 

(8.4) 

35.0 

(5.8) 

34.7 

(7.6) 

37.0 

(6.7) 

35.9 

(7.2) 

39.7 

(5.2) 

(sraodan1 drinks (years of use) (days per 

per month) 

60.9 

(48.4) 

47.8 

(38.8) 

68.6 

(46.9) 

40.1 

(36.2) 

54.4 

(43.7) 

23.4 

(17.0) 

10.1 

(6.8) 

3.3 

(0.5) 

6.69 

(5.6) 

6.69 

(6.3) 

6.69 

(5.8) 

month) 

13.7 

(9.0) 

10.3 

(6.5) 

17.9 

(6.9) 

6.0 

(2.6) 

12.0 

(7.9) 
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Proce.dure and stimuli 

Subjects were paid for their participation in a three hour test session. They 

provided written consent. A detailed drug history was taken (see Appendices A and B) 

and they completed questionnahes assessing dependence on cannabis, psychiatric 

symptomatology and stair/trait anxiety (these will be discussed in Chapter 10). Subjects 

were seated in a daltened sound-attenuated room and were tested for nom:ud hearing by 

standard audiometric usessment They were trained on the selective attention task until 

they reached a level of perfo,,,,aoce of 50% correct responses and less than 25% errors. 

As for experiment two, this usually was achieved within two practice runs. 

The task and stimulus parameters were the same as that of experiment two, adapted 

from the auditory selective attention paradigm of Hansen and Hillyard (1983), with the 

presentation through headphones (TDH 49) of a random series of tone pips which varied 

in location (left ear vs.right ear), pitch (high: 1319 Hz vs. low: 1047 Hz) and duration 

(long: 102 ms vs.short: 5 1 ms), having a rise and fall time of 10 ms. The ~timuli were 

presented as a random sequence lasting 160 seconds per run with a random SOA of 200 

to 500 ms (mean 350 ms). Fifty percent of the stimuli occurred in each ear with equal 

numbers of each pitch. Most of the tones (76%) of each type were of shon duration, 

while a small percentage (24%) were long. 

Subjects were insttucted to attend to a particular ear and pitch, and respond with a 

button piess to the infrequent long tones (the targets). The four attention conditions 

were left high, left low, right high and right low. Subjects completed eight runs, two of 

each attention condition ~sponding with either the left or right hand. The order of 

attention conditions and ~sponding hand was randomized among subjects. 
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ERP recording and data analysis 

ERPs were reconied using an electrode cap (Electro-cap International) from 

midline (Fz, Cz, Pz) and lateral scalp sites (F3, F4, P3, P4) referenced to linked ears. 

Vertical eye movement was ~ by tin electrodes placed above and below the left 

eye. The data were ampUfied using Neo11edix NT114-A amplifiers with a system 

bandpass of 0.016 and 50 Hz (3dB down). Data were digitised at a rate of 5.33 ms per 

channel. Overlapping epochs of 1350 ms inc.lwting a 150 ms pre-stimulus baseline were 

extracted and epochs containing ocular artefact were rejected prior to averaging. 

Separate averages w~ created for long and short duration stimuli, excluding those 

with an incorrect response, and collapsed across runs according to attention condition. 

Thus, ERPs were classified according to whether they matched the target on location and 

pitch for each run, resulting in attended (L+) and unattended ear (L-) ERPs for relevant 

and ilrelevant pitch stimuli, as described in Chapter 7. ERPs were sorted according to 

whether they were recorded from the hemisphere ipsilateral or contralateral to the 

stimulated ear. 

The processes of selective attention were assessed by comparing groups on the 

mean amplitude of processing negativity to short tones and the amplitude and latency of 

the P300 component to targets. These rneasmes were subjected to analyses of variance 

(ANOV A) with frequency and duration of cannabis use as factors and repeated measures 

on stimulus type and electtode site. 
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Responses were classified as correct detections if they occwred within 200 to 1200 

ms after a target stimulus. Reaction time was measured as the latency of the response 

from the onset of the target. Hit rate was calculated as a ratio of the total number of 

targets. A target not followed by a response was classified as an error of omission or 

"miss", while responses occurring at other times were classified as errors of commission 

or ''false alarms". False alarm rate was calculated as a ratio of the total number of non

targets. 

8.1.2 Results 

Performance data 

Performance data from the groups of cannabis users and controls are presented in 

Table 8.2. Analyses of variance indicated that reaction time to targets was longer 

[F(l,46) = 4.56, p < 0.0380] and the proportion of co11ectly detected targets was lower 

[F(l,46) = 11.26, p < 0.0016] in the cannabis user group overall by comparison with 

controls, with the largest difference between heavy cannabis users and controls (reaction 

time: heavy users vs. controls [F(l,30) = 7.21, p < 0.0117; hit rate: heavy users vs. 

controls [F(l,30) = 16.25, p < 0.0004]. Differences in false alarm rate did not reach 

significance [F(l,46) = 1.34, p = 0.2531]. Cannabis user groups did not differ 

significantly on any of the perf or,,,ance measures. 
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Table 8.2. Performance measures of reaction time, hit rate and false alarm 

rate for cannabis user groups and controls: means and (SD). 

Cannabis 

Users 

(overall) 

Reaction time 644.84 

(ms) (90.56) 

Hit rate 

(%) 

False alarm 

rate(%) 

ERP data 

73.71 

(11.05) 

0.77 

(0.80) 

Processing negativity 

Long 

Duration 

usen 

650.83 

(98.11) 

74.22 

(12.55) 

0.83 

(1.01) 

Shon 

Duration 

users 

638.86 

(85.13) 

73.21 

(9.72) 

0.72 

(0.54) 

Heavy Light 

Frequency Frequency 

users 

664.72 

(81.01) 

70.86 

(10.35) 

0.80 

(0.63) 

users 

624.97 

(97.68) 

76.56 

(11.32) 

0.75 

(0.96) 

Control 

Group 

(non-users) 

587.42 

(81.79) 

84.23 

(8.30) 

0.50 

(0.69) 

Inspection of the ERP wavefo,ms to short tones suggested that the results of 

experiment two had been replicated: cannabis users showed increased processing 

negativity (PN) to tones which matched the target on location but not pitch. When the 

cannabis user group was split according to frequency and duration of use, it became 

apparent that PN was greatly affected by duration of use. 
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Long versus shon duration users versus controls 

Grand average ERPs to short tones at all scalp sites are depicted in Figures 8.1, 

8.2 and 8.3 respectively for long duration users, short duration users and controls. For 

easier comparison across groups, frontal and central sites only are presented in Figure 

8.4 for all three groups. 

Visual inspection of the wavefo,ms suggested a difference between groups in N 1 

amplitudet however analyses of the peak between 50 and 250 ms at frontal and central 

sites revealed this not to be sjgnificant [F(2,45) = 1.50, p > 0.23] and groups did not 

differ in Nl latency [F(2,45) = 0.90, p > 0.41]. Pl and P2, measured as the most 

positive peaks between 20 and 100 ms, and 100 and 300 ms respectively, at frontal and 

central sites did not differ between groups in amplitude [Pl: F(2,45) = 0.73, p > 0.48; 

P2: F(2,45) = 0.85, p > 0.43] or latency [Pl: F(2,45) = 1.30, p > 0.28; P2: F(2,45) = 

0.62, p > 0.54]. 

Preliminary analyses of rnea,, amplitude measures over 100 ms intervals at frontal 

and central scalp sites indicated significant differences between groups based on duration 

of use over the range from 300 to 600 ms for tones in the attended ear (L+) only, with 

no significant diffeiences occurring outside this latency range: [300-400 ms: stimulus x 

electrode x group F(6,135) = 2.67, p < 0.0512; 400-500 ms: group F(2,45) = 5.83, p < 

0.0056, electrode x group F(6,135) = 2.84, p < 0.0369, stimulus x electrode x group 

F(6,135) = 2.74, p < 0.0416; 500-600 ms: group F(2,45) = 4.10, p < 0.0231, electrode 

x group F(6,135) = 3.37, p <0.0207, stimulus x electrode x group F(6,135) = 2.78, p < 

0.0333]. 
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On the basis of this analysis, PN was measured as the mean amplitude over 300 to 

~ ms and subjected to a repeated measures ANOV A (BMD-P2V). The results 

confirmed that there were no differences between groups in the processing of tones in 

the unattended ear (L-) [group F(2,45) = 0.90, p > 0.41; stimulus x electrode x group 

F(6,135) = 0.72, p > 0.57]. Analysis of PN to tones of relevant and irrelevant pitch in 

the attended ear (L+) for groups based on duration of use (long duration users, short 

duration users and controls), revealed a significant effect of group [F(2,45) = 5.11, p < 

0.0100] and an interaction between group, stimulus and scalp site [F(6,135) = 3.08, p < 

0.0266]. Group multiple comparisons at each scalp site were carried out using the 

The long duration user group showed significantly larger PN to pitch irrelevant 

tones in the attended ear than conttols at all frontal sites [Fz: F(l,30) = 9.86, p < 

0.0038, ipsilateral: F(l,30) = 10.35, p < 0.0031; contralateral: F(l,30) = 12.94, p < 

0.0011] and at Cz [F(l,30) = 6.68, p < 0.0149]. Long duration users also showed 

significantly larger PN than short duration users at all frontal sites [Fz: F(l,30) = 13.39, 

p < 0.0010; ipsilateral: F(l,30) = 12.80, p < 0.0012; contralateral: F(l,30) = 15.82, p < 

0.0004], but did not differ from short users at Cz [F(l,30) = 1.00, p > 0.32]. These 

tesults were essentially unaltered when age and alcohol consumption were used as 

covariates (but see analysis of covariance for heterogeneous regression slopes, below). 

Short duration users did not differ from controls at frontal sites [Fz: F(l,30) = 

0.12, p > 0.73; ipsilateral: F(l,30) = 0.07, p > 0.79; contralateral: F(l,30) = 0.01, p > 

0.91], but there was a trend towanl larger PN to pitch irrelevant tones in short duration 

users at Cz [F(l,30) = 3.47, p < 0.0722], and this difference became significant when 

age was used as a covariate [F(l,29) = 5.78, p < 0.0228]. These differences between 

long and short duration user groups and nonuser controls are clearly apparent in Figure 

8.4. 
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u1en. (L+ and L- refer to attended and unattended location (ear) 
respectively). 
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u1en. (L+ and L- refer to attended and unattended location (ear) 
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Cormlational analyses within the user group indicated that the ability to filter out 

irrelevant info111aation, as indexed by PN, was increasingly impaired with the number of 

years of cannabis use (see FigtR 8.5). The relationship was not initially significant in 

the enlm sample (FigtR 8.5.A), however, it was apparent that the majority of the 

sample had used cannabis for up to twelve years, while the two subjects with deviant 

iesults had used cannabis fcx- 25 and 28 years. A t-test for outliers (Barnett and Lewis, 

1984) determined that these two subjects were statistical outliers in terms of their 

duration of use compand to the rest of the sample (t = 6.80, p < 0.01). When these two 

outliers were excluded from the 0011elational analysis, the relationship between PN and 

duration of cannabis use became highly significant (r = 0.65, p < 0.0001) (Figure 

8.5.B). One intt;1p1etation of this result is that some kind of tolerance may develop after 

using for a very long number of years, producing a non-linear relationship. On the other 

hand, perhaps a significant linear relationship would remain if more subjects with 

durations of use of between 12 and 30 years were tested. Nevenheless, from Figure 

8.3.B it is clear that a sttong relationship appears to exist between the duration of 

cannabis use and the amplitude of processing negativity to irrelevant inf01naarion. 

Since an inevitable relationship existed between years of cannabis use and 

increasing age (r = 0.77, p < 0.0001), a partial co11elational analysis was carried out. 

This indicated that the significant relationship between duration of cannabis use and PN 

iemained after controlling for the effect of age (r = 0.54, p < 0.005), whereas there was 

no relationship between age and PN after controlling for duration of use (r = -0.11 ). 

Thus, the ability to filter out irrelevant inf011,aation reflected in processing negativity to 

pitch irrelevant tones, was progressively impaired as a function of the number of years 

of cannabis use. 
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Correlational analyses over all groups (and for each group separately) indicated 

that alcohol consumption was not related to PN (r = 0.03). A relationship between age 

and PN was found in the conttol group only (r = 0.51, p < 0.05), as was a relationship 

between IQ and PN in the control group only (r = 0.68, p < 0.005), but age and IQ were 

also 0011elated in the controls (r = 0.68, p < 0.005). Partial co11elational analyses 

~vealed that the relationship between IQ and PN remained significant after controlling 

for the effects of age (r = 0.52, p < 0.05), whereas there was no relationship between 

age and PN after controlling for IQ (r = 0.10). PN and IQ were unrelated in the 

cannabis user group (r = -0.10). 

An analysis of covariance u,cbnique for heterogeneous regression slopes 

(Johnson-Neyman technique (Huitema, 1980)) using IQ as the covariate, determined 

significant PN diff~nces between groups below a cenain NART score cut off. Long 

duration users differed significantly from controls at frontal and central sites below a 

NART score of 42 (estimated Full Scale IQ 121) [F(l,28) = 4.20, p < 0.05]. Shon 

dmation users w~ also found 1D differ significantly from controls below a NART score 

of 35 (estimated Full Scale IQ ex 115). These results raise the possibility of more severe 

consequences fiom cannabis use for those of lower IQ. However, the cut off levels 

below which group diff~nces me apparent are within the superior range of IQ for the 

long duration user group and the high average range for IQ for short term users. This 

indicates that the effects of cannabis use me m<re apparent in users of low IQ when 

cannabis has only been used fm- a few years, but when cannabis has been used for many 

years, its effects on selective attention ovenide any effect of IQ. This might also be 

inteip1eted to suggest that only users of superim- IQ may be able to compensate and 

overcome subde impairmcats. The positive relationship between PN and IQ in controls 

is p11zz)ing. One intapetation of this relationship is that brighter subjects may be better 

able to process multiple sources of stimuli without any resultant loss of perfox,x,ance. 
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Heavy versus light users versus controls 

Analysis of groups based on frequency of use indicated no differences between 

heavy users, light users and controls on any measure derived from their ERPs to short 

tones. Grand average ERPs to short tones recorded from heavy users and light users are 

depicted in Figures 8.6 and 8.7 iespa:tively. As to be expected from inspection of these 

figures compared with controls (Figure 8.3), groups did not differ in the amplitude or 

latency of the major early components of the epoch [Amplitude, Pl: F(2,45) = 0.73, p > 

0.89; Nl: F(2,45) = 1.71, p > 0.19; P2: F(2,45) = 1.94, p > 0.15; Latency, Pl: F(2,45) 

= 1.41, p > 0.25; Nl: F(2,45) = 0.29, p > 0.74; P2: F(2,45) = 0.09, p > 0.91]. 

PN did not differ between groups in the processing of tones in the unattended ear 

(L-) [group: F(2,45) = 0.12 p > 0.88; stimulus x electrode x group: F(6,135) = 0.40, p 

> 0. 79]. Analysis of PN to tones of relevant and irrelevant pitch in the attended ear (L+) 

also revealed no difference between heavy users, light users and controls [group: 

F(2,45) = 1.24, p > 0.30; stimulus x electrode x group: F(6,135) = 0.76, p > 0.52]. 

Correlational analysis showed no relationship to exist between PN to pitch 

irrelevant tones and frequency of cannabis use (r = 0.19, p > 0.28). A two way analysis 

of variance with frequency and duration as factors found no interaction between 

frequency and duration of use [F(l,28) = 0.20, p > 0.62] and no frequency x duration x 

stimulus x electrode interaction [F(3,84) = 0.04, p > 0.51]. These results imply that the 

large PN to pitch irrelevant tones observed in cannabis users in both this experiment and 

in experiment two, is not related to frequency of cannabis use, but increases as a 

function of cumulative expos~ to cannabis. 
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Fipre 1.6 Grand averqe EllPI to sllort tones recorded at frontal (F), 
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(L+ and L- refer to attended and unattended location (ear) 
re1peetively). 
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One final possibility was explomi with regard to effects on PN and that was 

exposure to tobacco smoke. Cannabis user groups and controls were divided into 

cigarette smokers and non smokers: fifteen of the cannabis users were tobacco smokers 

(9 long, 6 shon: term users), while only 2 of the controls were smokers. An analysis of 

variance comparing smokers and nonsmokers in the cannabis users only, found no effect 

of cig~tte smoking on PN [F(l,28) = 0.27, p > 0.60]. Since long term cannabis users 

had differed significandy fium shon 1e1m cannabis users in PN, this analysis confmned 

that the large PN to ilrclcvant ,rirnuli was related to exposure to cannabis smoke and not 

the result of smoking per se. 

P300 

The P300 component to target tones was measured as the most positive peak 

occuning between 200 and 1000 ms at parietal scalp sites. Subjects with poorly defmed 

P300 components or no measurable peak were excluded from the analyses (4 long users, 

1 short and 1 control; 2 heavy users, 3 light users and 1 control). Inspection of the 

wavef01ms suggested that, contrary to our previous findings, there were no differences 

between cannabis users and controls in the amplitude of P300. This was confirmed by 

analysis of P300 peak amplitude for cannabis users overall compared to controls 

[F(l,40) = 1.54, p > 0.22] and for groups bawd on frequency [F(2,39) = 0.81, p > 

0.45] and duration [F(2,39) = 1.42, p > 0.25] of use. However, when the cannabis 

user group was split according to frequency and duration of use, it became apparent that 

P300 latency was greatly affected by frequency of use. 

Heavy versus light users versus controls 

The ERPs to long duration (target) tones recorded from heavy cannabis users, light 
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cannabis users and conttols are depicted in Figures 8.8, 8.9 and 8.10 respectively. 

Figure 8.11 shows parietal ERPs to the L+ relevant pitch target tone overlaid for heavy 

users, light users and controls. The morphology of these ERP waveforms appears quite 

diffetent to the target ERPs of experiment two (Figure 7 .4). This is primarily due to the 

longer time constant used f<r reaming data in this experiment (10 ms vs 5 ms in 

experiment two). The most striking difference is in the large frontal negativity to the L+ 

~levant pitch tones. Analysis of the peak of this frontal negativity indicated no 

differences between groups [F(2,45) = 0.22, p > 0.80]. 

The P300 component appemd to be delayed by over 100 ms in the heavy user 

group compmd to both light use1s and controls. The mean latency of the peak 

measured at parietal sites was analysed and revealed a significant group effect [F(2,39) = 

4.68, p < 0.0150] and an interaction between group and electrode site [F(4,78) = 3.68, 

p < 0.0089]. 

Group multiple comparisons at each site revealed that P300 was significantly 

delayed in heavy users compared to light users and controls at Pz and at the parietal site 

contralatcral to the stimulated ear: heavy vs. light users:[Pz: F(l,25) = 4.71, p < 0.0397; 

ipsilatcral: F(l,25) = 1.73, p > 0.20; contralatcral: F(l,25) = 17.49, p < 0.0003]; heavy 

users vs. controls:[Pz: F(l,27) = 6.41, p < 0.0175; ipsilateral: F(l,27) = 2.35, p > 

0.13; contralateral: F(l,27) = 5.15, p < 0.0314]. Light users did not differ from 

controls at any site [Pz: F(l,26) = 0.92, p > 0.34; ipsilateral: F(l,26) = 0.12, p > 0.73; 

contralatcral: F(l,26) = 2.25, p > 0.14]. These results are apparent in Figure 8.11. 

There was a significant linear ielationship between P300 latency and frequency of 

cannabis use (r = 0.50, p < 0.0083) as shown in Figure 8.12. Age did not differ 

between groups [F(2,45) = 0.60, p > 0.55] and P300 latency was unrelated to alcohol 

consumption (r = 0.23, p > .24) or IQ (r = 0.21, p > 0.29). 
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Fipre 1.9 Grand averqe EllPI to IODI tones recorded at frontal (F), 
central (C) and parietal (P) 1C11lp lites from li1llt cannabis users. 
(L+ and L- refer to attelldecl and unattended location (ear) 
respectively). 
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Fipre 8.12 Peak latency of P• (ms) at the contralateral parietal scalp 
site as a function of frequency of cannabis use. 

Long versus shon users venus controls 

Grand average ERPs to long tones fiom long and short term cannabis users are 

depicted in Figures 8.13 and 8.14 respectively. Analysis of the late frontal negativity to 

targets revealed no differences between groups based on duration of use [F(2,45) = 

1.80, p > 0.18]. Nor did groups differ in the latency of P300 measured at parietal scalp 

sites [group: F(2,39) = 1.20, p > 0.31; electrode x group: F(4,78) = 0.99, p > 0.41]. 

Ccuelational analysis revealed that duration of cannabis use was unrelated to P300 

latency (r = 0.14). 1bete was no interaction between frequency and duration [F(l,23) = 

1.93, p > 0.17] nor between ftequency, duration and electrode site [F(2,46) = 0. 70. p > 

0.46]. Thus, the latency of P300, which reflects the time required to evaluate a 

stimulus, was delayed with increasing ftequency of cannabis use, regardless of the 

number of years of use. 
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central (C) and parietal (P) aalp lites from lon1 duration cannabis 
uaen. (L+ and L- refer to attended and unattended location (ear) 
re1pecti vely ). 
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Fipre 1.14 Grand aYerqe ERPI to loa& tones recorded at frontal (F), 
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canQllbl1 u1en. (L+ ••d L- refer to attended and unattended 
location (ear) re1pectlYely). 
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8.1.3 Discussion 

It appears that frequency and duration of cannabis use differentially affect brain 

function in this selective attention task: heavy frequency use was found to prolong 

stimulus evaluation time, measun:d by P300 latency; long duration use impaired the 

ability to effectively focus attention and ignore irrelevant infmaoation, evidenced by 

increased processing negativity to il1elevant stimuli. Large processing negativity to pitch 

irrelevant tones in the long duration users indicates unnecessary processing of, and 

hence an inability to effectively reject pitch irrelevant infmmation. This could be 

interpreted as either a failure to habituate to irrelevant stimuli (Miller and Branconnier, 

1983), as faulty gating mecltanisms (Hillyard and Mangon, 1987) or as the result of 

using inefficient information processing strategies (Hillyard and Hansen, 1986). 

The increased PN to pitch inelevant tones replicated the result of experiment two. 

But experiment two also found P300 amplltude to be smaller in cannabis users, a finding 

which was not replicated in experiment three. Careful scrutiny of the ERP waveforms, 

however, suggests that it was the control group that differed in the two studies. The 

control group in the original study showed a much larger P300 than did controls of the 

cmrent study, as can be seen by comparing the amplitudes of controls in Figures 7 .4 and 

8.10. No apparent differences in the characteristics of the two samples could explain 

this, indicating that effects of cannabis use on P300 amplitude are less robust than effects 

on PN. Similarly, P300 latency was not significantly delayed in the original study (there 

was a nonsignificant trend), but the larger sample of this experiment provided more 

power to detect differences between groups. In the current study, there were no 

interactions between frequency and duration of use on either measure of brain function, 

suggesting that each affects different mechanisms or pathways in the brain. 
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The lack of an effect of duration of cannabis use on P300 latency suggests that the 

observed delay is temp<rary in nature and could be eliminated by reducing frequency of 

use. Cannabis may slow inf01,111tion processing by producing some (reversible) cell 

toxicity or disruption of brain messenger coordination. Cannabinoid compounds are 

lipopbilic and alter membrane fluidity parameters, which may in turn alter the binding 

paramctcn of non-cannabinoid ~ptcrs, inhibit adenylate cyclase and cause 

perturbation of rnecbanism.1 of ncurottansmitter uptake or release (Makriyannis and 

Rapaka, 1990; Manin, 1986). 

Cannabinoids accumulate in fatty tissues (and thus probably in brain) (Hollister, 

1986), and may be detectable in mine for mme than two months after use (Ellis et al, 

1985). While all subjects we1e n,quual to abstain from cannabis for at least 24 hours 

(the range being 1 to 30 days of abstinence), the heavy users (using 3 times per week to 

daily) have considerably more cannabinoids continuously present in the body. Analyses 

confirmed that heavy cannabis users had significantly greater cannabinoid levels detected 

in their urines than light users (167 ng/ml vs. 24 ng/ml respectively; F(l,30) = 8.06, p < 

0.0081) (long users appeared to have greater levels than. short term users, 114 ng/ml vs. 

77 ng/ml, but this difference was not significant (F(l,30) = 0.45, p > 0.50)). It is 

possible that the continual presence of cannabinoids at these levels in heavy cannabis 

users may affect their pcrf01t!N1nce1 even when they are not acutely intoxicated. 

This hypothesis is in acrord with the tesults of a study which found aircraft pilots' 

sm,11Jation performance to be impaiffd as long as 24 hours after smoking a single 

moderate dose of cannabis in the absence of any awareness of the drug's influence 

(Leircr et al, 1991; Yesavage et al, 1985). Acutely, cannabis has been shown to slow 

complex reaction time (see Chapter 3). In this study, reaction times were significantly 

slower in heavy users compm:d to controls and there was a nonsignificant trend toward 
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longer reaction times in the heavy users compared to light users. More imponantly, the 

speed of information processing in the brain, P300 latency, was significantly delayed in 

the heavy user group compared to both light users and controls. This result emphasizes 

the sensitivity of ERP measmes in detecting impairments in coven cognitive processes, 

otherwise undetected by overt measures of perf0101ance. 

If the delay in P300 was a residual (hangover) effect, one would expect P300 

latency to vary as a function of time since last use of cannabis or a measure of the level 

of cannabinoids present in the body. This hypothesis was tested by co11elational 

analyses. As apparent in Figure 8.14.A, the relationship between P300 latency and self

icpmted most recent use wu nonsignificant, although the trend was in the expected 

~tion (r = -0.23). It is possible that more precise measures of quantity and time since 

last use with controlled verification would provide evidence of a stronger relationship. 

In Figure 8.14.B, P300 latency plotted against the normalised urinary cannabinoid 

metabolite (1HC-COOH) also showed a nonsignificant trend in the expected direction (r 

= 0.23). As mentioned above, 60% of the sample had no detectable cannabinoid 

metabolites in their urines. Such meas,U"eS are subject to great variability (Ellis et al, 

1985), and while weak traces of metabolised cannabinoids may be detected, the extent of 

surage of me is unknown. It has been suggested that approximately 70% of ingested 

me is taken up by tissues while only 30% is convened to metabolites measurable in 

mine, and that particularly following chronic use, there is a significant decrease in 

metabolites extracted in mine and a relative increase in unextracted metabolites (Hunt and 

Jones, 1980). 
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The effect of duration of caooabis use on the rejection of irrelevant information 

reflects a very different 11-ochaoism. Neither time since last use (r = 0.03), nor urinary 

cannabinoid metabolite levels (r = 0.16) C011elated with increased processing negativity 

to pitch irrelevant stimuli, implying that increasing years of use leads to long term 

changes that do not resolve with a short period of abstinence. These changes may occur 

at the cannabinoid receptor site. 

Such an hypothesis is oonsistent with the high density of cannabinoid receptors in 

hippocamp11s, and the role of the hippocampus in the cognitive requirements of this task, 

particuJarl.y in the exclusion of exttaneous info11nation (Miller and Branconnier, 1983). 

Further, hippocampal neurons have been shown to be sensitive to spatial, temporal and 

discriminatory propcrti~ of ,umuli, being activated by the learned significance of 

relationships among multiple stimuli, rather than by their particular sensory or physical 

properties (Eichenbaum and Cohen, 1988). atnnabinoid receptors occur in high density 

in other regions known to be involved in attention, such as the globus pallidus, frontal 

cortex, panicularly anterior cingulaae cortex, and the cerebellum (see Chapter 2). While 

much research is required to determine the functional properties of the endogenous 

cannabinoid-like constituent anaodamide, it may be that this substance plays a role in the 

modulation of attention. 

It has recently been demonstrated that chronic administration of cannabinoids 

results in receptor down-regulation with a reduction in the number of receptors in rat 

brain (Oviedo et al, 1993). Previous research with animals has not established that 

alterations in the propa ties of the cannabinoid receptor are irreversible (W estJake et al, 

1991), although the duration of exposure in such studies has generally been for one year 

or less. The results of the present study suggest that long term effects may only become 
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readily apparent after 5 years of exposure, given the significant difference between the 

long term users of this study and controls, in conttast to the lack of robust differences 

between the short term users and controls. Nevenheless, the linear relationship 

observed implies not only progressive impairment, but also the possibility for early 

detection of subtle impairments with the use of more sensitive techniques. 

The precise ••cchanisms of cannabinoid toxicity warrant funher research. 

Whatever the mechanisms, these data provide evidence that increasing duration of 

cannabis use leads to a progressively impaired mode of information processing, whereby 

complex irrelevant information is not filtered out at an early stage of processing. In the 

real world, this may lead to distractibility and hence impairment in any situation where 

concentration and focussed aaention are essential. The question that remained was: to 

what extent are these changes reversible after a longer period of abstinence? The next 

experiment was designed to assess the extent of reversibility in long term cannabis users 

who had ceased using. 
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CHAPTER9 

AN INVESTIGATION OF THE REVERSIBILITY OF 

COGNITIVE IMPAIRMENT IN EX-CANNABIS USERS 

9.1 Experiment four: Reversibility of attentional deficits in 

ex-cannabis users 

206 

The previous experiment established that the large processing negativity elicited by 

pitch irrelevant stimuli in long term cannabis users performing a selective attention task, 

increased with the duration of cannabis use. This was inte,preted as a progressive 

impairment in the ability to focus attention and ignore complex irrelevant infonnation, 

and suggested that long term changes may occur as a result of cumulative exposure to 

cannabis. 

This experiment was desigixx:l to assess the extent of reversibility of these changes 

with prolonged abstinence from cannabis use, and as such, e:,camined the ERP response 

in the same selective attention task of a group of long term cannabis users who had 

ceased using cannabis. It was hypothesised that PN to pitch irrelevant stimuli may 

gradually resolve over time as the duration of abstinence from cannabis increases. 

A power analysis based on the data of experiment three determined an effect size greater 
than one standard deviation unit. With a sample of 32 ex-users there would be an 80% 
chance of detecting a difference between groups of 0.7 standard deviation units at an alpha 
level of 0.05 (2-tailed test). 
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9.1.1 Method 

Subjects 

Subjects were recruited from the general community by advertising on university 

campuses and in popular youth magazines. The criteria for inclusion were to have used 

cannabis for at least 5 years and to have given up using cannabis within the past few 

years and at the very least 6 weeks prior to testing (this would allow any accumulated 

cannabinoids to be eliminated from the body). Attempts were made to select ex-users 

matched as closely as possible on sex, age and educational status to the long term users 

and controls of experiment three, and to ensure that the past duration of cannabis use 

was equivalent among long term users and ex-users. Thirty two cannabis users initially 

met the criteria for inclusion, but after taking a detailed drug use history it became 

apparent that two subjects had not quite used cannabis for 5 years, and were therefore 

excluded from comparative analyses with groups from experiment three. A further two 

subjects were excluded from the analyses due to high levels of cannabinoids detected in 

their urines at the time of testing. Therefore the final sample consisted of 28 ex-users 

whose characteristics are presented in Table 9.1. 

Ex-users were well matched to the long term users of experiment three; the groups 

did not differ in age [F(l,42) = 0.31, p > 0.58], years of education [F(l,42) = 0.91, p > 

0.34], NART scores [F(l,42) = 1.09, p > 0.30] or alcohol consumption [F(l,42) = 

2.31, p > 0.13]. Further, they did not differ in their mean duration of cannabis use 

[F(l,42) = 0.42, p > 0.52] which ranged from 5 to 20 years, and the two groups were 

equivalent in their frequency of cannabis use [F(l,42) = 2.86, p > 0.09]. The mean 

frequency of use for the ex-users reflects their usage during the longest phase of their 

use, but many had gradually diminished their frequency of use prior to ceasing 

altogether. 40% had stopped "cold turkey" during the heaviest period of their use. 
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Table 9.1. Sample cluaracteristics: mean and (SD) compared with 

1roups from experimnt tllree. 

Ycarsof NART Alcohol Cannabis Cannabis 

Group Sex Age Education Score Consumption Duration Frequency 

(818Ddani drinks (years of use) (days per 

Ex-users 22M 27 .8 

N=28 6F (5.2) 

14.8 

(2.3) 

Long 13M 28.9 14.1 

N=16 3F (8.2) (2.1) 

Short 12M 19.9 13.2 

N=16 4F (2.0) (1.2) 

Controls 12M 26.3 15.6 

N=16 4F (7 .0) (2.4) 

34.3 

(7.0) 

36.8 

(8.4) 

35.0 

(5.8) 

39.7 

(5.2) 

per month) 

39.4 

(43.2) 

60.9 

(48.4) 

47.8 

(38.8) 

23.4 

(17.0) 

9.0 

(3.8) 

10.1 

(6.8) 

3.3 

(0.5) 

month) 

19.1 

(10.9) 

13.7 

(9.0) 

10.3 

(6.5) 

The ex-user group had cons11t•-cd cannabis for significantly longer [F(l,42) = 

34.64, p < 0.0000] and at a greater frequency [F(l,42) = 8.78, p < 0.005] than the short 

term users of experiment three, were older than short term users [F(l,42) = 33.36, p < 

0.0000], had slightly more years of education [F(l,42) = 6.31, p < 0.0159], but did not 
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differ from shon term users in IQ (estimated by their NART scores) [F(l,42) = 0.12, p 

> 0.73] and did not differ in monthly alcohol consumption [F(l,42) = 0.41, p > 0.52]. 

Ex-users did not differ in age from controls [F(l,42) = 0.60, p > 0.4417], nor alcohol 

consumption [F(l,42) = 2.02, p > 0.16], nor education [F(l,42) = 1.17, p > 0.28], but 

ex-users had significantly lower NART scores than controls [F(l,42) = 7.24, p < 

0.0102). This difference in IQ was taken into consideration in analyses as described 

below. 

The same exclusion aiteria applied u f<r experiment three. The ex-users were 

instructed to abstain from alcobol for 24 hours prior to testing. They provided a urine 

sample on the day of testing and any subject with caooabinoids (or any other drugs) 

detected in their urine was excluded tiom the sample. As stated above, two subjects 

were excluded on this basis. One had expressed concern about possible exposure 

through passive inhalation, but the cannabinoid levels detected in her urine were judged 

to be far too high to have resulted from passive exposure, and as a measure of prudence, 

it was considered essential to exclude any subject who may have been exposed to 

cannabis whether actively or inadvertently, as well as any subject who may have lied 

about their use. The 28 subjects of the final sample had no cannabinoids detected in their 

• unnes. 

The mean duration of abstinence in the ex-user group was approximately 2 years 

(SD = 22.8 months, range 3 months to 6 years). The main reasons given by ex-users 

for ceasing their use of cannabis could be labelled as maturational. For example, some 

gave up in order to pursue further studies, some bad babies, some simply stated that 

their lives weren't really going anywhere or that they felt they had grown out of using 

cannabis. Almost two thirds of the sample cJai,,;ed to have felt dependent on cannabis; 

for the majority this was described as a "psychological dependence", while four subjects 

cJai,t;ai to have been both physically and psychologically dependent. Dependence, in 
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general, was defmed in various ways, encompassing the following terms: a habitual or 

automatic action (to smoke); a strong need to use cannabis in order to feel nor1a,al; an 

inability to sleep or to function without it; cannabis use as an escape from reality, an aid 

in the maTiagement of depression, stress, anxiety or insomnia, or an emotional or social 

"autch" in navigating interpersonal relationships and social events. The 40% of subjects 

who claimed not to have felt dependent on cannabis when asked directly, nevertheless 

scced highly on a S)'mptom cbeck]ist for dependence (see Chapter 10). One third of the 

sample stated that they had no intention of ever using cannabis again, while the 

mmainder felt that they might use occasionally at social functions in the future, but none 

had any desire to return to regular use. 

Procedure and stimuli 

This was identical to that described for experiment three (see Chapter 8). 

ERP recormng and data analysis 

This was identical to that described for experiment three (see Chapter 8). The only 

difference in data analysis was that the main comparisons of interest in this study were 

between ex-users and current long term users of experiment three, and between ex-users 

and controls of experiment three. The effects of past frequency of use in ex-users were 

also e1'amined in co11elational analyses, but with the hypothesis that past frequency of 

use would have no residual effect. 



Chapter 9 211 

9.1.2 Results 

Performance data 

Perfo111aance measures for ex-users and all other groups are presented in Table 

9.2. Analysis of variance showed that although ex-users appeared to have longer 

reaction times than controls, the difference was not significant [F(l,42) = 1.08, p > 

0.30]. Ex-users reaction times did not differ significantly from those of long [F(l,42) = 

1.37, p > 0.24] or short duration users [F(l,42) = 0.65, p > 0.42]. However, ex-users 

made significantly fewer co11ect detections than controls [F(l,42) = 5.05, p < 0.0299] 

but did not differ from either of the camiabis using groups in terms of "hit rate" [ ex vs. 

long: F(l,42) = 0.11, p > 0.73; ex vs. shon: F(l,42) = 0.38, p > 0.53]. There were no 

differences between ex-users and any other group in false alarm rate [ex vs. controls: 

F(l,42) = 0.72, p > 0.40; ex vs. long: F(l,42) = 0.15, p > 0.70; ex vs. shon: F(l,42) = 
0.00, p > 0.99]. 

ERP data 

The grand average ERPs to shon tones recorded from the 28 ex-users are depicted 

in Figure 9.1. Figure 9.2 depicting frontal and central midline sites only, permits direct 

comparison of groups. Inspection of the plots suggested that processing negativity (PN) 

to pitch irrelevant tones was not as large in the ex-users as that seen in the current long 

term users of experiment three, and PN to pitch relevant tones also appeared reduced in 

the ex-users compared to all other groups. PN at frontal and central sites from the 28 

ex-cannabis users was measured as the mean amplitude between 300 and 600 ms at 

frontal and central sites and subjected to an analysis of variance. 
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Table 9.2 Performance measures of reaction time, bit rate and false 

alarm rate for ex-cannabis vsen compared with groups from experiment 

tllree: means and (SD). 

Reaction time 

(ms) 

Hit rate 

(%) 

False alarm 

rate(%) 

Ulllg 

Duration 

users 

650.83 

(98.11) 

74.22 

(12.55) 

0.83 

(1.01) 

Short 

Duration 

users 

638.86 

(85.13) 

73.21 

(9.72) 

0.72 

(0.54) 

Ex

cannabis 

users 

616.20 

(92.06) 

75.64 

(13.89) 

0.72 

(0.88) 

Controls 

(non-users) 

587.42 

(81.79) 

84.23 

(8.30) 

0.50 

(0.69) 

The results showed that the ex-users diffe1ed from the long duration users in the 

processing of both relevant and irrelevant pitch stimuli; that is, there was a significant 

effect of group [F(l,42) = 11.41, p < 0.0016] but no stimulus x group interaction 

[F(l,42) = 0.17, p > 0.67]. PN to both relevant and irrelevant stimuli in the attended ear 

wu significantly smaller in the ex-11sers compared to the long term users. 
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Fipre 9.1 Gnad avense EllPs to lllort toaes recorded from 28 ex
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attended and unattended location (ear) respectively). 
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The pattern of results was quite different when comparing ex-users with each of 

the other two groups: the main effect of group was not significant [ex vs short: F(l,42) 

= 0.08, p > 0.78; ex vs controls: F(l,42) = 0.39, p > 0.53] but there were significant 

stimulus x group interactions [ex vs. short: F(l,42) = 5.30, p < 0.0264; ex vs. controls: 

F(l,42) = 5.62, p > 0.0224]. Multiple comparisons of each group for each stimulus 

revealed the following differences: Ex-users vs. short duration users: relevant pitch 

F(l,42) = 2.88, p > 0.097; irrelevant pitch F(l,42) = 2.02, p > 0.162; Ex-users vs. 

controls: relevant pitch F(l,42) = 3.86, p > 0.056; irrelevant pitch F(l,42) = 2.55, p > 

0.117. While none of the comparisons reached significance the trend was in the 

~tion of smaller PN to relevant pitch stimuli in the ex-users, but also trends toward 

larger PN to irrelevant pitch stimuli in the ex-user group compared to both shon duration 

users and conttols. These results are apparent in Figure 9.3. 

StiJD11lus s group interaction for PN 

+ LONG 

-2.00 ~ EX ... SHORT 
-b CONTROL 

> -1.so 
~ 

1 = -1.00 I 
i 
f -o.so 

0.00 .__ ____ .... _____ ~ _____ ..._ ____ _.. 

Irrelevant Relevant 
Stimulus type 

Fi1ure 9.3 Stimulus s 1roup interaction, depicting PN to pitch relevant 
and pitch irrelevant ltimuli in tlle attended ear for long term users, 
short term users, es-ueen and controls. 
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. 
The slope for the ex-users in Figure 9.3 resembles that of the long term users, 

albeit reduced overall for both relevant and irrelevant pitch stimuli. This pattern is 

distinct from that of both shon teim users and controls where a much sharper reduction 

is seen from PN to pitch relevant, to PN to pitch irrelevant stimuli. There was also a 

significant interaction between stimulus, electrode and group when comparing ex-users 

with shon term users [F(3,126) = 3.45, p < 0.0359]. The nature of this interaction is 

depicted in Figure 9.4: ex-users have ~mailer PN to pitch relevant stimuli across all 

sites, but larger PN to pitch irrelevant stimuli than short term users frontally but not at 

Cz, whete short tetm users showed large PN to pitch irrelevant tones. Ex-users were 

similar to both groups of cannabis users in showing large PN at Cz (apparent in Figure 

9.2), but the interaction between ~tirnulus, electrode and group was not significant when 

ex-users were compared with controls [F(3,126) = 0.74, p > 0.49]. 

... EXrelev 
-2.00 + EX irrelev 

-I>' SHORTrelev 
• .a -6- SHORT irrelev > -1.50 I> et 

~ 

1 = -1.00 

I 
I -0.50 

Ipsi F Fz ContraF Cz 

Fi1ure 9.4 Stimulus s electrode x 1roup interaction, depicting PN to 
pitch relevant and pitcll irrelevant stimuli in the attended ear for ex
users and sllort term usen across frontal and central scalp sites. 
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Since ex-users had signif1eantly lower NART scores than controls, and therefore a 

lower mean IQ, the effects of IQ on PN to pitch irrelevant tones were examined by 

(;011elational analysis. PN was meas,D"Cd as the mean amplitude between 300 and 600 

ms over frontal and central sites. There was no relationship between IQ and PN in the 

ex-user group (r = 0.15), however, PN increased as a function of IQ in the control 

group (r = 0.68, p < 0.005) (as reported in Chapter 8). The ex-users result essentially 

replicated that found in experiment three with cm1ent cannabis users. Hence, the 

Johnson-Neyman technique for the analysis of covariance for heterogeneous regression 

slopes (Huitema, 1980) was applied. This detc1ta1jned that the groups differed 

significantly below a NART score of 40 (estimated Full Scale IQ of 119.7), with ex

users having significantly larger PN to pitch irrelevant tones than controls at both frontal 

and central sites [F(l,42) = 4.07, p < 0.05]. Nineteen of the ex-users (68%) had NART 

scores failing below 40, thus representing the majority of the sample. As discussed in 

Chapter 8 concerning similar iesults found with cmrent cannabis users, these analyses 

suggest that the long term effects of cannabis may be more apparent in users of lower 

IQ, or else, those of superior IQ compe11sate for the impairing effects of cannabis (given 

that the cut off IQ SCOIC falls in the superior to high average range). As argued in 

Chapter 8, the positive relationship between PN and IQ in the control group may reflect 

the ability of brighter subjects to attend to mc:re than one source of stimuli without 

concomitant impairment in perfut•••BDCC on the task. For cmrent and ex-cannabis users, 

the processing of pitch irrelevant stimuli appem ed to impair their task performance. 

These hypotheses were tested by C011clational analysis of perfo111,ance data and PN. 

While none of the tests reached significance, there were trends in the expected direction 

in the relationships between PN and the proportion of errors of commission (users: r = 

0.27; ex-users: r = 0.17; controls: r = -0.39). 
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Correlational analysis showed a significant relationship between the past duration 

of cannabis use in the ex-user group, and PN to pitch irrelevant tones in the attended ear 

(r = 0.51, p < 0.005). This is depicted in Figure 9.5. Due to the significant relationship 

between age and duration of use (r = 0.84, p < 0.0001), age was also related to PN (r = 

0.40, p < 0.03). However, a partial co11elational analysis revealed that a relationship 

between duration and PN ~mained after removing the linear effects of age (r = 0.34, p < 

0.05), whereas there was no relationship between age and PN after controlling for the 

effects of duration of cannabis use (r = -0.05). 

r = 0.51, p < 0.005 
-2.0 

• • • • I • • • • • 
• • 

• 
1.0 • • 

• • 
2.0 L-_ ___. ____ .....1. __ _._ __ ...... __ ....,_ __ ..,_ ______ ..... 

O 5 10 15 20 
Duration of use (years) 

Fi1ure 9.S Mean amplitude of PN (µ V) to pitch irrelevant tones as a 

function of past duration of cannabis use in the ex-user group. 
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The relationship between the ex-users past duration of cannabis use and PN was 

examined further by reducing the sample to only those who had used for up to twelve 

years (n = 26), for better comparability with the current cannabis users of experiment 

three (see Chapter 8, Figures 8.lOA and B). The results, depicted in Figure 9.6, 

revealed a far 11101e striking relationship (r = 0.72, p < 0.0001). The relationship 

between duration of use and age was still significant in this sample (r = 0.69, p < 

0.0001), but partial cm-relational analysis showed that the relationship between past 

duration of cannabis use and PN to pitch ilrelevant tones remained strong after removing 

the linear effects of age (r = 0.59), whereas there was no relationship between age and 

PN after removing the effects of duration of cannabis use (r = 0.02). 

r = 0.72, p < o.•1 
~2.0 

• • .,,.,,..,,., 

~ -1.0 I 
~ • .> 
·= m I 
r 0.0 • • 
bi) 
C: • •• (ll • (ll • i 1.0 • • 

2.0 L---.a.--..L.--.__ ...... _ ....... ______ ....__ ...... _.....__......__ ...... 

2 4 6 8 10 12 
Duration of use (years) 

Fi1ure 9.6 Mean amplitude of PN (µ V) to pitch irrelevant tones as a 

function of past duration of cannabis use in a subsample of the ex

user 1roup, tll01e who luad used for up to 12 years. 



Cltapt~r 9 220 

In experiment three, two subjects had used cannabis for 25 and 28 years, while the 

remainder of the umple had used between 3 and 12 years. When the entire sample had 

been included in the c011elational analysis, a relationship between PN and duration of 

cannabis use was obscured (r = 0.23). The two very long term users were considered to 

be outliers and the co11elation for the remainder of the ~ample became highly significant 

(r = 0.65, p < 0.0001). It was hypothesired that either some kind of tolerance may 

develop after many years exposure resulting in a nonlinear relationship between duration 

of use and PN, or else that a linear relationship between duration of use and PN would 

remain had more subjects using between 12 and 30 years been tested. 

In this umple of ex-users the distribution of subjects having used between 3 and 

20 years was reasonably even, with 4 out of the 30 subjects having used for more than 

12 years. Inclusion of these longer term users also reduced the dcgiee of the relationship 

between duration of cannabis use and PN. This result reinforces the hypothesis that the 

relationship appears to be nonlinear, the turning point occurring at some point after 

having used cannabis for 12 years. This hypothesis was tested by fitting a second order 

polynomial (BMD-PSR). 

As shown in Figure 9.7, the curve appeared to fit the data very well, producing r = 

0.73, p < 0.0001, with a remarkable "goodness-of-fit" [F(2,26) = 12.88, p < 0.0001]. 

The same analysis was then applied to the data of experiment three with similar results (r 

= 0.64, goodness-of-fit test: F(2,28) = 9.87, p < 0.0006). 

The effects of the length of abstinence from cannabis were also explored in a 

co11elational analysis. As shown in Figure 9.8, there was no direct relationship between 

the length of abstinence and PN to pitch irrelevant tones (r = 0.09). But abstinence 

cannot be examined in isolation, given the now well established effects of duration of 
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r = 0. 73, p < 0.0001 
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Fi1ure 9. 7 Mean amplitude of PN (µ V) to pitch irrelevant tones as a two 

degree polynomial function of past duration of cannabis use in the 

ex-111er group. 

use on PN. Nevenheless, iemoving the linear effects of duration of use in a partial 

co1relational analysis had very little effect on the relationship between abstinence and PN 

(r = 0.10). Similarly, iemoving any effect of abstinence did not change the relationship 

between duration of use and PN (r = 0.51, p < 0.005) for the entire sample. 

While there was no relationship between past duration of use and current length of 

abstinence (r = 0.02), a ielationship did exist between age and abstinence (r = 0.36, p < 

0.03). Therefore, funher partial 001,elational analyses (linear) were carried out as 

follows for the entire sample and for that pmion of the sample having used for up to 12 
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years only (n = 26): the relationship between duration of use and PN to pitch irrelevant 

tones in the attended ear ~mained after oontrolling for the effects of both abstinence and 

age (r = 0.37, p < 0.02; n = 26, r = 0.60, p < 0.0005); there was no relationship 

between age and PN after removing the effects of duration and abstinence (r = -0.15; n = 

26, r = -0.004 ); and there was no relationship between abstinence and PN after 

removing the effects of duration and age (r = 0.17; n = 26, r = -0.17). PN was not 

related to alcohol cons,imption (r = 0.11 ). 
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Fi1ure 9.8 Mean amplitude of PN (µ V) to pitch irrelevant tones as a 

function of length of abltinence from cannabis use. 
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The results of group JDiJtiple comparisons showed PN to pitch relevant tones to be 

considerably smaller in this group of ex-users than in either current long or short te1·m 

users or controls. This was an unexpected finding as PN to relevant stimuli was not 
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affected by cannabis use in the sample of cw1e11t users of experiment three. In 

experiment two, early PN to relevant pitch stimuli was reduced in users between 200 and 

300 ms only. The measure of PN from 300 to 600 ms in this experiment was for the 

pmpose of comparing ex-cannabis users with groups from experiment three on the 

processing of pitch in'elevant tones in the attended ear, since no differences between 

groups in experiment dRe had occmred outside this range, nor had there been any 

group diff~nccs in PN to pitch relevant tones. In order to further explore the reduction 

in PN to pitch relevant tones in ex-users, mean amplitude measures over 100 ms 

intervals wtff analysed f<r ERPs to both relevant and in'elevant pitch tones in the 

attended ear. 

When ex-users were compared with cw1ent long term users, there was a trend 

toward greater negativity in the long teim users to both relevant and in'elevant pitch tones 

across aJmost the entire epoch (p < 0.10 for all but one 100 ms range from 200-300 ms). 

However, differences between groups were significant over three ranges only, from 

100-200 ms [F(l,42) = 4.31, p < 0.0440), 300-400 ms [F(l,42) = 9.65, p < 0.0034] 

and between 500 and 600 ms [F(l,42) = 9.70, p < 0.0033]. The difference between 

groups in the 100-200 ms range suggests that NI was smaJJer in ex-users than current 

long term users. Thete were no interactions between stimulus and group, indicating that 

both PN to relevant and PN to in'elcvant pitch tones were larger in current long term 

users than controls. 

In contrast, when ex-users were com.pared with controls, the only differences 

between groups appeared as stimulus by group interactions over three ranges: 300-400 

ms, F(l,42) = 7.96, p < 0.0073; 400-500 ms, F(l,42) = 4.81, p < 0.0339; and 700-

800 ms, F(l,42) = 5.00, p < 0.0307. Multiple comparisons of each group for each 

stimulus revealed ex-users to have smaller PN to pitch relevant stimuli than controls only 

in the 300-400 ms range [F(l,42) = 5.46, p < 0.0243], with nonsignificant trends in the 
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same direction for the other two ranges, but also nonsignificant trends towards larger PN 

to pitch irrelevant stimuli in ex-users compared to controls. 

Differences between ex-users and shon tCim cannabis users commenced at 300 ms 

and continued to the end of the epoch. From 300 to 400 ms there was a significant 

stimulus by group interaction [F(l,42) = 5.20, p < 0.0277]. From 500 ms onwards, 

there were significant interactions between ~tim11lus, electrode and group for each 100 

ms range [400-500 ms F(l,42) = 2.93, p < 0.0574; 500-600 ms F(l,42) = 3.99, p < 

0.0210; 600-700 ms F(l,42) = 3.19, p < 0.0422; 700-800 ms F(l,42) = 4.28, p < 

0.0168; 800-900 ms F(l,42) = 3.82, p < 0.0219; 900-1000 ms F(l,42) = 3.57, p < 

0.0299). Group multiple comparisons fer each stimulus at each scalp site revealed a 

multitude of effects . 

. From 300 to 400 tm, PN to pitch relevant tones was ~mailer for ex-users than 

short term users [F(l,42) = 5.49, p < 0.0239], but groups did not differ in PN to pitch 

irrelevant tones [F(l,42) = 0.11, p < 0.7385]. However, from 400-500 ms, ex-users 

showed significantly larger PN to the pitch irrelevant tones than shon term users at all 

frontal sites, but not at Cz [Fz, F(l,42) = 10.07, p < 0.0028; Ipsilateral frontal, F(l,42) 

= 6.75, p < 0.0129; Contralateral frontal, F(l,42) = 9.41, p < 0.0038; Cz, F(l,42) = 

2.58, p > 0.15]. These effects are apparent in Figure 9.2 where it can be seen that short 

term users show a positive shift in the trace for irrelevant pitch stimuli at about 400 ms, 

while ex-users continue to process pitch irrelevant stimuli for longer, with continued 

negativity to 600 ms. However, from 500 to 600 ms there is a negative deflection in the 

irrelevant pitch trace in shon tetm users; there was a resultant lack of significant 

differences between groups in multiple comparisons for that range. In Figure 9 .2 it is 

clear that both long and shmt term cannabis users show a double negative peak in the PN 

to pitch irrelevant tones between 300 and 600 ms, with a positive shift occurring around 

400 ms and then a negative deflection again. The ex-cannabis users show no evidence 



Cltapter 9 225 

of such a double peaked negativity, merely a prolonged negativity that appears to be 

smaller than that seen in cw,eat long term users, but larger than that of controls. The 

finding that, at least within a small range, ex-users showed greater negativity to pitch 

irrelevant ~timuli than shon term users but not controls is surprising, but probably 

reflects large variability in the results of both ex-users and controls. Beyond 600 ms, 

there were no significant effects &om multiple comparisons, but there were ttends 

toward smaller PN to pitch relevant tones in ex-users than short term users, as well as 

greater negativity to pitch irrelevant tones in ex-users compared to current short tern1 

users, at frontal sites continuing to 900 ms. In summary, these results indicate that ex

users showed significantly ~mailer PN to relevant pitch stimuli than every other group 

fiom 300 to 400 ms. From 400 to 500 ms, ex-users appeared to be more similar to 

c·w1e11t cannabis users in PN to irrelevant pitch stimuli, than to controls. 

PN to pitch relevant tones in the ex-user group was also investigated by 

cm,elational analysis. An inverse telationship was found to exist between past duration 

of use and PN to relevant pitch ~timuli (r = -0.43, p < 0.0184), even though no such 

relationship was found in the current user sample of experiment three (r = 0.24). 

However, the relationship observed here did not remain after controlling for the effects 

of age and abstinence (r = 0.02). Age was also inversely related to PN to pitch relevant 

tones (r = -0.39, p < 0.0322), although the association weakened after removing the 

effects of duration and abstinence (r = -0.26, p > 0.10). Age and PN to pitch relevant 

tones were unrelated in the control group (r = -0.04). A relationship was not initially 

apparent between the length of abstinence from cannabis and PN to relevant pitch tones 

(r = 0.17), but increased in strength after removing the effects of duration and age (r = 

0.32, p < 0.05). IQ was unrelated to PN to relevant pitch tones for either ex-users (r = -

0.09) or controls (r = 0.16), and PN was unrelated to alcohol consumption (r = 0.18). 

There were no grounds for suspecting that any of these relationships may be nonlinear. 
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Finally, the ex-users were compared with the groups of current users in 

experiment three in their processing of long target tones by analysing the P300 

component The grand average ERPs to long tones from the 28 ex-cannabis users are 

depicted in Figure 9.9. P300 was measured as the most positive peak between 200 and 

1000 ms at parietal scalp sites and was measurable in every subject in the ex-user group 

(no peak was detected in a number of subjects of experiment three as described in 

Chapter 8). 

The ex-users did not differ from long telm cannabis users or controls in the 

amplitude or latency of the P300 component to targets [Amplitude: ex vs long, group 

F(l,38) = 0.67, p > 0.41, electrode by group F(2,76) = 1.97, p > 0.15; ex vs controls, 

group F(l,41) = 0.25, p > 0.62, electrode by group F(2,82) = 1.33, p > 0.26; Latency: 

ex vs long, group F(l,38) = 1.50, p > 0.22, electrode by group F(2,76) = 1.80, p > 

0.17; ex vs controls, group F(l,41) = 0.07, p > 0.78, electrode by group F(2,82) = 

0.19, p > 0.80]. Ex-users had a significantly smaller P300 component over all parietal 

scalp sites than shon term cannabis users [F(l,42) = 4.93, p < 0.0319] but they did not 

differ in latency from shmt term users [group F (1,42) = 0.91, p > 0.34; electrode by 

group F(2,82) = 1.60, p > 0.20]. The possibility that the sample of controls may have 

had unreprcsentatively small P300 components has been discussed in Chapter 8. 

For thoroughness, the ex-users were also compared with the heavy user group of 

experiment three, since the latter had shown a marked delay in P300 latency. It was 

hypothesized that the observed delay was only temporary in nature and this was 

substantiat~ by a significant difference between ex-users and current heavy cannabis 

users of experiment three [group F(l,40) = 5.54, p < 0.0236], and further by the 

analysis reponed above where ex-users did not differ fiom controls in P300 latency. 
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9.1.3 Discussion 

A number of factors arising from the statistical analyses of the ERP data from this 

sample of ex-users imply that the effects of long term exposure to cannabis are similar to 

those established in the prior two experiments. The strong relationship between PN to 

pitch irrelevant tones and the past duration of cannabis use of this sample reflects that 

seen in experiment three with CUJTent users. There is no evidence from correlational 

analysis that the length of abstinence has contributed to a resolution of large PN to pitch 

irrelevant stimuli. However, it is clear from the ERP plots of Figure 9 .1 and the graph 

of Figure 9 .3, and supponed by the results of analyses of variance, that PN to the pitch 

irrelevant tones is smaller in this sample of ex-users than in the current long te1m users 

of experiment three. This suggests that the cessation of cannabis use did in fact result in 

a reduction of the unusually large PN to irrelevant stimuli, even though no analysis was 

able to identify any relationship between the length of abstinence and the degree of 

attenuation. It may be argued, therefore, that the attenuation occurs rapidly, possibly 

within the same period of time that it take!, to eliminate stored cannabinoids from the 

body, about 6 -12 weeks. If this were the case, one would expect to see a dramatic 

improvement in the ERP signature of the processing of irrelevant information within the 

first 6-12 weeks following cessation of use, with no funher slow or gradual 

improvements with increasing abstinence as was hypothesised. 

Nevertheless, the reduction in PN observed here has not returned the ERP 

signature to the level of that in nonuser controls. The lack of significance between ex

users and either shon term users or controls may be due to the large variability in the ex

cannabis using group. In a repmt based on preliminary analyses of a subsample of the 

ex-cannabis users (the first 12 to volunteer for the experiment) (Solowij, in press), the 

results showed the opposite effect: ex-users did not differ from long term users in PN to 
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pitch inelevant tones [F(l,22) = 0.19, p > 0.60], but differed significantly from both 

short term users [F(l,22) = 5.59, p < 0.03] and controls [F(l,22) = 5.13, p < 0.03]. 

The reverse of these results with the larger sample emphasises the large variability within 

the sample of ex-users, and the need to investigate funher the possibility that individual 

differences contribute to an increased susceptibility to cognitive impairment associated 

with long term cannabis use. Clearly, for a portion of the sample studied here, there was 

no resolution of the inappropriately large PN to pitch inelevant stimuli. 

In an attempt to investigate possible contributory factors in an exploratory way, the 

ex-user sample was split at the median according to their PN response to pitch irrelevant 

stiroIJli and high responders were compared against low responders on all possible 

variables penaining to subject characteristics, eg. age, sex, education, IQ, duration and 

frequency of cannabis use, alcohol consumption, and a variety of test measures of 

anxiety and psychopathology as discussed in Chapter 10. The only variable which 

distinguished between the two groups was duration of cannabis use [11.0 vs. 7.1 years: 

F(l,26) = 9.59, p < 0.0046), as would be expected, and there was a trend for the high 

PN group to be older than the low PN group (29.6 vs. 25.9: F(l,26) = 3.76, p 

<0.0634]. Since age itself does not co11elate with PN to pitch irrelevant tones, this 

result could be interpreted to suggest that PN is more likely to resolve with cessation of 

use in younger subjects. 

The finding that PN to relevant pitch stimuli was reduced in the ex-user group was 

unexpected; such a reduction was not previously found to be associated with the long 

term use of cannabis. A small reduction in PN to relevant stimuli was seen in the 

cannabis users of experiment two, but had not replicated in experiment three. In this 

study, not only did ex-users show smaller PN to relevant pitch stimuli than controls, but 

also ~mailer PN than cU1TCnt cannabis users. It may be posited, therefore, that the 

cessation of cannabis use resulted not only in partial resolution of PN to irrelevant pitch 
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stimuli for the majority of ex-usen, but also a reduction in PN to stimuli of relevant 

pitch. 1be relationship between PN to pitch relevant tones and length of abstinence 

implies a slow and gradual i1aiprovement with PN becoming increasingly larger over 

time. This interpretation hinges on the assumption that PN to pitch relevant stimuli in 

this sample of ex-users was as large prim- to their having ceased using cannabis as that 

seen in all other groups studied in this thesis. With cessation of cannabis use, PN to 

relevant tones may decrease dramatically, perhaps as a reaction to the withdrawal from 

cannabis. 

Knight and colleagues (1981) reported that patients with dorsolateral frontal 

lesions showed less attention-related negativity in a simple auditory selective attention 

task. It is possible that the observed reduction in PN to relevant attended stimuli here 

reflects some frontal dysfunction. Reduced PN to relevant pitch stimuli has also been 

demonstrated in schizophrenics (Michie et al, 1990; Ward et al, 1991). These studies 

found PN to relevant pitch stimuli to be smaller in the early pan of the epoch (100-200 

ms), but primarily PN was smaller in the later part from 400- 1000 ms, representing 

what they termed "late PN". The early PN reduction was co11elated with both positive 

and negative schizophrenic symptom scores. These findings were interpreted as 

evidence of a number of deficiencies in the inforn,ation processing strategies of 

schizophrenics, with an inability to set up an accurate attentional trace and then a failure 

to maintain it 

While the reduction found in PN to pitch relevant stimuli in the ex-cannabis user 

sample reported here is not entirely within the same rmge as that found in 

schizophrenics, the pattern is similar~ It is interesting to speculate upon the possibility 

that, similar to claims made about the use of cannabis by schizophrenics (eg. Dixon et al, 

1990), cannabis users may be "self-11+edicating". It is possible that cannabis users 

experience ccnain psychopathological symptoms which they try to correct by using 
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cannabis (or else their symptoms lead them to use cannabis). In doing so, they bring 

their attentional trace, rep1esented by PN to relevant stimuli, up to "nmxx,aJity", perhaps 

by enhancing attentional mechanisms to all stimuli. This results not only in increased 

PN to relevant, but also in~ PN to complex irrelevant stimuli, and as such does not 

enhance their ability to selectively atten~ but merely to attend, to an extent, 

indiscriminately. When cannabis use is stopped, they retmn to their predrug level of less 

efficient attentional p1occssing of relevant information, but also more efficient rejection, 

or lack of processing, of irrelevant inf mmation. Whether or not this is the case, it is 

interesting to speculate upon these hypotheses. 

An alternate explanation may be one based simply upon withdrawal 

symptomatology: the abrupt, or even weaned, cessation of a psychoactive substance that 

has been used on a regular basis for many years, may result in disruption of various 

chemical systems in the brain with resultant impaired cognitive functioning. However, 

any such withdrawal symptoms should not be expected to endure for a very long time. 

1be mean level of abstinence in the group was around 2 years; any withdrawal-like 

symptoms should well have dissipated by such time., 

Yet another explanation similar to the withdrawal hypothesis may be based on 

learning theory. It may be that being under the influence of a psychoactive substance for 

many years, that is, being chronically "stoned", enforces a learned compensation for the 

effects of the chronic intoxication. In this sense, the cannabis user has to put more 

resources into attending to complex stimuli. These extra resources may not be 

distributed in an appropriate manner and hence irrelevant stimuli are also accorded more 

resourees, evident in their increased PN. But this hypothesis cannot explain the 

reduction in PN to relevant pitch stimuli. Oearly, further research is required to replicate 

and elucidate these findings. 1be ideal study would be one that examined the same 

group of cannabis users befm-e, im11 redisuely after stopping cannabis use and at various 
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times thereafter, but the practice effects of repeated testing sessions would need to be 

taken into account 

The other interesting finding from this study, which corroborated an hypothesis 

fotarted in experiment three, was that of a nonlinear relationship between duration of 

cannabis use and PN to pitch irrelevant stimuli, as seen in Figure 9. 7. In both this 

samp-e of ex-users and in the sample of cmrent cannabis users of experiment three, PN 

to pitch irrelevant tones appeared to increase in a linear manner with duration of cannabis 

use, up to approximately 12 years of use. Beyond 12 years use, the curve flattens 

asymptotically, or may even reven to greater positivity with very long duration use. It is 

not possible to be certain about the nature of the relationship beyond 12 years use given 

the small number of subjects contributing to that portion of the curve. 

It is likely that there is a ceiling beyond which PN would not increase any further, 

particularly given the fact that PN is a measure of an electtophysiological response 

reflecting a cognitive process. This suggests that the curve would become asymptotic. 

However, if further research with more subjects confirmed a positive shift beyond 12 

years use, this may reflect a complex interaction between duration of cannabis use and 

increasing age. Although PN to pitch irrelevant tones appeared to increase with age in 

the control group of experiment three, others have reponed PN to decrease with age in 

older samples, for example, those above 50 years of age (eg. Karayanidis et al, 

submitted). This hypothesis of a complex relationship between prolonged cannabis use 

and increasing age is consistent with other studies examining the interactions between 

cannabis and the glucocorticoid system of the brain, which suggested that cannabis use 

may accelerate brain aging (Eldridge et al, 1992; Landfield et al, 1988). 

A funher possibility to consider is that there may be something particular 
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associated with use of cannabis beyond 12 years that contributes to this levelling of PN 

to pitch irrelevant 5timuli. For example, if it is considered that the most common age for 

·commencing regular use of cannabis is somewhere between 16 and 20 years of age, after 

12 years use, one would be approximately 30 years of age. It is interesting to speculate 

upon various factors associated with reaching that age, perhaps factors such as maturity 

and "settling down". There is evidence that most cannabis users discontinue their use in 

their mid to late twenties (Donnelly and HaJJ, in press). There may be something 

qualitatively different about those who continue to use through their thirties and later. 

Factors such as psychopathology and anxiety, while discussed to some extent in Chapter 

10, may be wonhy of further research in this regard. It is not known whether any of 

these factors would have the observed effects on PN. 

Perhaps the simplest explanation of the reduction or stability of PN beyond 12 

years use may be in the ope1ation of an effect of natural selection: those who do not 

experience cognitive and other impairments would be those more likely to continue to 

use. Those who are consciously aware of experiencing problems associated with their 

use of cannabis are more likely to discontinue their use. Thus, the very long term 

cannabis users who continue to use through their thirties and into their forties and 

beyond, may be those for whom cannabis use has either none, or few adverse 

consequences. This group would be worthy of further investigation, as indeed are the 

individual differences that might lead to such stratification. 

The finding of a relationship between IQ and PN to irrelevant pitch stimuli in the 

control group but not in users or ex-users is also p11zzJing. Such a relationship has not 

previously been reported. It is possible that brighter subjects may find the task relatively 

easy and may allocate "spare" resources to processing other stimuli within the task 

purely to maintain some interest in the task, without compromising their perfox oaance in 
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any way. Clearly, for the ex-users of this experiment and all cannabis users studied in 

previous experiments, large PN to pitch irrelevant stimuli accompanied poorer 

perfo11111nce on the task and was therefore inteipteted as reflecting an inefficient way of 

processing infmmation, with unnecessary allocation of attentional resources to pitch 

irrelevant information. Further, it is impmtant to note that both current cannabis users of 

experiment three and the ex-users studied here tended to have a lower mean IQ than the 

controls, but also showed larger PN to pitch irrelevant tones. If the effects were solely 

due to IQ differences, one would have expected the reverse, ie. cannabis users should 

have showed smaller PN to pitch irrelevant tones than controls. 

A funher intetpretation of these data may be in terms of a broadening of the 

attentional "spotlight" (Woods, 1989). It is possible that the use of a particular strategy 

broadens the attentional spotlight to include stimuli irrelevant to the task but sharing one 

or more close attributes with the relevant attended stimulus. It may be that the use of 

such a strategy varies as a function of IQ in the control group, but as a function of 

cumulative exposure to cannabis in the users. The use of such a strategy could reflect 

greater cognitive flexibility, which is exercised by bright controls with no resultant 

impairment in perfo11oance. F<r cannabis users and ex-users, such a cognitive style may 

be learned from the intoxicating experiences with cannabis, or, may still reflect the 

changes that occurred in the brain as a result of cumulative exposure to cannabinoids. 

The altered cognitive style may indeed be a reason for using cannabis; for the experience 

of noticing more things (or being distractable). Whatever the reason, clearly for 

cannabis users and ex-users, unlike controls, the broadening of the attentional spotlight 

is accompanied by poorer perfu111aance. 

A funher finding corroborated in this experiment was that of possibly greater 

consequences of long term cannabis use in users of low IQ. Although this may appear 

to be contrary to Soueif's (1976b) hypothesis that performance decrement is more 
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marked in the best educated subjects, Soueif's hypothesis was formulated on the basis of 

comparing illiterate, rural subjects with educated urban dwellers. The subjects of this 

study were well educated, and those of lower IQ still within the high average range of 

IQ. This suggests, as argued above, that this finding should be interpreted in terms of 

the better ability of subjects of superior IQ to compensate for the impairing effects of 

cannabis on cognitive function. 

In summary, the results of this experiment suggest that the long term effects of 

cannabis on the ability to selectively focus attention and reject inelevant information may 

partially recover with cessation of use for the majority of users (although, a subset of 

users appeared to show no recovery of function). There was sufficient evidence from 

this investigation that the past dmation of cannabis use continued to have an adverse 

effect upon electrophysiology and cognition well after discontinuing use. The length of 

abstinence had no effect upon electrophysiology or perfo, • • ,ance, and hence there was no 

gradual improvement over time~ This suggests that partial recovery occurs rapidly 

following cessation of cannabis use. 1be relationship between cumulative exposure to 

cannabis and PN to pitch inelevant tones is robust In experiment three, this relationship 

was interpreted as being suggestive of gradual changes occurring in the brain as a result 

of prolonged exposure to cannabis. The fairly rapid recovery that is suggested to occur 

here following cessation of use, raises doubt as to the hypothesis that gradual changes 

occur in the brain, unless the nature of such changes permits rapid recovery. The 

mechanisms underlying the relationship between PN to inelevant info1axaation and 

duration of cannabis use require funher investigation. 
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CHAPTERl0 

ANXIETY, PSYCHOPATHOLOGY AND THE QUALITATIVE 

EXPERIENCE OF LONG TERM USE OF CANNABIS 

1be cannabis users and ex-users studied in each experiment of this thesis 

completed a number of questionnaires. These assessed levels of anxiety, symptoms of 

psychopathology and dependence on cannabis, and provided an opportunity for the self

report of any problems associated with long term cannabis use. A qualitative description 

of the experience of long term cannabis use was obtained through structured and open 

ended questionnaires. An ex:ample of the questionnaires administered is presented in 

Appendix 8, representing the core set of questions asked of the subjects. For each 

experiment, these may have been modified slightly. For example, for ex-cannabis users 

the questions were paraphrased to inquire about past experiences and funher questions 

were added which dealt with the experience of giving up and changes perceived by the 

ex-user as a result of having given up. These questions will be discussed below. 

1be inclusion of these assessments was important for two reasons: 1) to exclude 

the possibility that the ERP findings of this thesis might reflect some psychological 

differences between users and nonusers rather than being the result of cannabis use, with 

anxiety and psychopathology judged to be the most likely candidates; and 2) to examine 

the consistency between self-reported symptoms of dependence, subjective effects and 

cognitive failure, with the results of assessing cognitive functioning by means of ERP 

measures of selective attention. 
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This chapter will present the descriptive summaries of the results of all 

questionnaires administered, provide results of quantitative analyses where appropriate, 

and discuss the q11aJitative experience of long tetm cannabis use. The results from each 

sample from each experiment will be discussed separately but also combined across 

studies where appropriate. Cu 1elations between test measures and the ERP results of 

each study will be presented where appropriate. The ERP measures used in correlational 

analysis were PN to pitch irrelevant tones measured over 300 to 600 ms at frontal and 

central sites, and P300 latency measured at the contralateral parietal scalp site. Wherever 

possible, the results were considered in terms of frequency and duration of cannabis use. 

10.1 Anxiety 

Many drug using populations have been reported to show higher levels of anxiety 

than the general population (eg. Grenyer et al, 1992; Meyer, 1986; Ross, Glaser and 

Gennanson, 1988; Rounsaville, 1989; Rounsaville et al, 1991). Also, high anxiety 

levels are known to influence cognitive test perf 01 naance in an adverse manner. For 

example, high levels of anxiety have been shown to reduce both the storage and 

processing capacity of working memory (Darke, 1988). High anxiety may be reflected 

in an inability to maintain attentional focus on a partic1ilar stimulus or task in the presence 

of extraneous stimuli. Eysenck (1982; 1988) argued that highly anxious subjects engage 

in significantly more task-irrelevant processing than their low anxiety counterparts. Task 

irrelevant thoughts, which are thought to characterise highly test anxious individuals, 

may be symptomatic of an underlying distractibility to various sources of interference, 

both internal and external. Therefore, it was considered essential to assess anxiety levels 

in these cannabis using samples. 
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The State-Trait Anxiety Inventory (STAI) (Spielberger, Gorsuch and Lushene, 

1970) was selected as the assessment tool since it has been widely used for research 

pmposes, has demonstrated reliability and validity, and provides two measures of 

anxiety pertinent to the purposes of this assessment First, it provides a measure of the 

current state of the individual in terms of the level of transitory anxiety at the time the 

questionnaire was completed. This enables an assessment of whether subjects may have 

been anxious as a result of the testing procedure. Hit were found that cannabis users' 

state anxiety was significantly higher than that of controls, it could be conjectured that 

users were significantly more anxious than controls as a result of the testing procedure 

and hence may have perfo,11,ed more poorly than controls as a result of this anxiety. 

Second, a measure of trait anxiety provides an assessment of the general level of 

background anxiety with which an individual operates in normal life, and their 

disposition toward being anxiety prone, regardless of the current state of the subject or 

the testing procedure. This measure enables a comparison of resting levels of anxiety in 

cannabis using samples versus controls to determine whether users may be generally 

more anxious than controls. A further measure of trait anxiety, useful for reliability 

pmposes, was provided by the Anxiety subscale of the Symptom Checldist 90-Revised 

(SCL-90-R) (Deragotis, 1983). Composed of nine subscales, the SCL-90-R was 

administered as a measure of psychopathology and is discussed further below. 

Mean ST AI scores for subjects of experiments one, two, three and four are 

presented in Table 10.1. All scores obtained were comparable to the normative data of 

undergraduate students (Spielberger, Gorsuch and Lushene, 1970), with the exception 

perhaps of the control group of experiments one and two whose scores fell within the 

lower range, at around the 20th percentile for both state and trait measures. 

Scores were subjected to an analysis of variance with factors of group and anxiety 

type (state or trait). For the samples of experiments one and two, there was a significant 
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Table 10.1 Mean state-trait anxiety scores (and standard deviations) for 

cannabis users, ex-users and controls. 

Experiments one and two 

Cannabis users 

Controls 

Experiment three 

Cannabis users overall 

Long term users 

Short term users 

Heavy users 

Light users 

Controls 

Experiment fom 

Ex-cannabis users 

N 

10 

10 

32 

16 

16 

16 

16 

16 

28 

STATE 

35 .20 (7 .18) 

27.90 (3.73) 

34.56 (6.48) 

33.31 (5.45) 

35.81 (7.32) 

37.00 (5.96) 

32.13 (6.21) 

33.94 (9.45) 

33.54 (6.71) 

TRAIT 

40.10 (8.37) 

29.60 (6.40) 

36.91 (7.66) 

38.88 (9.29) 

34.94 (5.16) 

40.44 (7.77) 

33.38 (5.85) 

34.94 (5.27) 

38.39 (9.53) 

main effect of group [F(l,18) = 12.54, p < 0.0023] and a near significant main effect of 

anxiety type [F(l,18) = 4.35, p < 0.0515], but no group by anxiety type interaction 

[F(l,18) = 1.02, p > 0.32]. Thus, cannabis users were significantly more anxious than 

controls on both state and trait levels of anxiety. The near significant main effect of 

anxiety type indicated that trait levels tended to be higher than state levels for both 

groups. However, when the groups Wet'C analysed separately, state-trait anxiety did not 
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differ in controls [F(l,9) = 0.52, p > 0.48], but trait levels in cannabis users were 

significantly higher than their state levels [F(l,9) = 5.36, p < 0.0458]. This indicates 

that the cannabis users were generally more anxious than conttols, but their lower state 

scores suggest that they were not m<re anxious than controls as a result of the testing 

procedure. Due to the relatively ~mall Mmple size of experiments one and two, any 

relationships between anxiety and ERP measures were not examined. 

The cannabis users of expe.riment three showed a similar pattern of results to those 

of experiments one and two, although overall group differences diminished due to the 

higher scores of the control group. Overall, cannabis users did not differ from controls 

[F(l,46) = 0.50, p > 0.48], mean levels of state and trait anxiety over both groups did 

not differ [F(l,46) = l.75, p > 0.19], and there was no group by anxiety type interaction 

[F(l,46) = 0.28, p > 0.59). Similarly groups based on duration of use did not differ 

overall [F(2,45) = 0.30, p > 0.74) and there was no main effect of anxiety type [F(l,45) 

= 2.77, p > 0.10], but there was a trend toward a group by anxiety type interaction 

[F(2,45) = 2.82, p < 0.0702], suggestive of higher trait than state anxiety in both long 

term users and conttols, but nonsignificandy higher state than trait anxiety in short term 

users. There were no differences between these groups when state and trait anxiety were 

analysed separately [state: [F(2,45) = 0.47, p > 0.63; trait: [F(2,45) = 1.76, p > 0.18]. 

A significant group difference emerged when groups were compared on the basis 

of frequency of use [F(2,45) = 4.98, p < 0.0111]. Group multiple comparisons 

determined that heavy users had significantly greater anxiety levels overall than both light 

users [F(l,30) = 13.37, p < 0.0010) and controls [F(l,30) = 4.20, p < 0.0492]. Light 

users did not differ from controls [F(l,30) = 0.65, p > 0.42]. There was no main effect 

of anxiety type [F(l,45) = 0.1201] and no group by anxiety type interaction [F(2,45) = 

0.42, p > 0.66]. However, analyses of state and trait anxiety separately confnmed that 

the group differences were significant only for trait anxiety [F(2,45) = 5.39, p < 
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0.0079], whereas groups did not differ in terms of state anxiety [F(2,45) = 1.79, p > 

0.17]. 

The ex-cannabis users of experiment four were compared to long and short term 

users and controls of experiment three. The ex-users did not differ from any group on 

either state or trait anxiety scores [state: ex vs long F(l,43) = 0.01, p > 0.91; ex vs short 

F(l,43) = 1.10, p > 0.30; ex vs controls F(l,43) = 0.03, p > 0.87; trait: ex vs long 

F(l,43) = 0.03, p > 0.87; ex vs shon F(l,43) = 1.79, p > 0.18; ex vs controls F(l,30) 

= 1.78, p > 0.18]. 

These results were corroborated by analysis of the anxiety subscale of the SCL-

90-R (see below), where heavy users scored significantly higher than both light users 

[F(l,30) = 8.04, p > 0.0081] and controls [F(l,30) = 5.56, p < 0.0251], and light users 

did not differ from controls [F(l,30) = 0.48, p >0.49]. Overall, cannabis users did not 

score significantly higher than controls [F(l,46) = 1.09, p > 0.30] and groups did not 

differ on the basis of duration of use [F(2,45) = 0.70, p > 0.50]. 

Correlational analyses found no relationship to exist between duration of cannabis 

use in the cw1ent users of experiment three and either state (r = -0.12) or trait anxiety (r 

= -0.12) as measured by the STAI. Similarly, past duration of cannabis use in the ex

user sample did not co11elate with state (r = -0.22) or trait anxiety (r = -0.145). 

However, u might be expected on the buis of the results reponed above, the frequency 

of cannabis use in cmrent users was significantly related to trait anxiety (r = 0.44, p < 

0.01), but not state anxiety (r = 0.29). A similar relationship was evident in the sample 

of ex-users (trait: r = 0.31, p < 0.05; state: r = 0.17). Interestingly, while state and trait 

anxiety were highly co11elated in the control group (r = 0.78, p < 0.0001) and in the ex

user group (r = 0.55, p < 0.005), the relationship was nonexistent in cw1ent cannabis 

users (r = 0.19). This finding is difficult to interpret but may reflect either 
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inconsistencies in self-reponed anxiety levels in cannabis users, or a different mode of 

operation of anxiety in cannabis using populations. The latter hypothesis is given 

c1cdence by the some of the differential relationships found between anxiety levels and 

perfo11•1an,ce measures for cannabis using and nonusing groups, as reported below. 

An unexpected finding was that both measures of anxiety were inversely related to 

PN to pitch irrelevant tones in the control group (state: r = -0.56, p < 0.005; trait: r = -

0.49, p < 0.01). Thus, PN to pitch irrelevant tones was smaller with higher levels of 

anxiety. This finding suggests that increased anxiety may have actually improved the 

ability to focus attention by tuning in to the relevant stimuli and rejecting irrelevant 

stimuli more efficiently. This is contrary to Eysenck's hypothesis that highly anxious 

subjects engage in significantly more task-irrelevant processing, however, it may be that 

there is an optimum level of anxiety which boosts perfonnance, beyond which 

performance deteri<rates. That is, it is reasonable to assume that a certain amount of 

anxiety generated by motivation to do well on any given task and not reflect badly upon 

the self, would be useful and advantageous as opposed to a lack of concern with ones 

perfo1mance (similar to the Yerkes-Dodson law). If anxiety levels were to exceed these 

hypothetical optimal levels, this might result in significant processing of task-irrelevant 

thoughts and stimuli. There is no reason to suspect that the levels of anxiety measured in 

any group of this series of studies was excessive and as such would not be expected to 

affect their performance. Thus, the finding of large PN to pitch irrelevant tones in long 

term cannabis users cannot be explained by increased anxiety levels. In fact, users also 

showed a marginally significant inverse relationship between PN to pitch irrelevant tones 

and state anxiety (r = -0.33, p < 0.05) but no relationship with trait anxiety (r = 0.02), 

and PN in ex-users showed no relationship with either state (r = -0.21) or trait (r = -
0.05) levels of anxiety. 1be reduced PN to pitch relevant tones in the ex-users could not 

be explained by anxiety levels either as there was no relationship with either state (r = 

0.17) or trait (r = 0.16) anxiety. 
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P300 latency, which increased as a function of frequency of cannabis use in 

cw1ent users, was also found not to be significantly related to levels of state anxiety (r = 

0.10), and a nonsignificant trend toward longer latency P300 with greater trait anxiety (r 

= 0.25) disappeared after controlling for the effect of frequency of cannabis use (r = 

0.06). In controls there was a trend toward a reduction in P300 latency with increasing 

levels of state anxiety (r = -0.34, p > 0.05) but no relationship with trait anxiety (r = 

0.02). P300 amplitude did not vary as a function of anxiety in any group (range r = -

0.23 to 0.12). 

Reaction time in the c·u11e,1t cannabis users increased as a function of state anxiety 

(r = 0.40, p < 0.05) but not trait anxiety (r = 0.26), whereas for ex-users and controls 

there were trends in the opposite direction (ex: stater= -0.23, trait r = -0.21; controls: r 

= -0.26, trait r = -0.35). There was no relationship between anxiety and number of 

c011ect detections in the cannabis users (state: r = 0.01; trait: r = -0.16) or ex-users (state: 

r = 0.04; trait: r = -0.16), although f<r controls there was a trend toward poorer 

perfo1aoc1nce with increasing anxiety (state: r = -0.32; trait: r = -0.31). The most striking 

difference between groups was in the relationship between anxiety and the number of 

enurs of commission (false alarms). Neither state nor trait anxiety correlated with false 

alann rate in the cannabis users (state: r = 0.08; trait: r = -0.01) or ex-users (state: r = 
0.04; trait: r = -0.07), but in controls the number of false alanns increased dramatically 

as a function of state anxiety (r = 0.76, p < 0.0001), and to a lesser degree with trait 

anxiety (r = 0.58, p < 0.01). These results suggest that_ an~ety may operate in differe!lt 
ways in cannabis users and controls. Neverthel~ss, the f 1nd1ng that the false alarm rate 1s 
correlated with state anxiety in controls but not 1n ex-users or current users lends credence 
to the ERP interpretation that there is a carry-over effect of long term past use of cannabis. 

The results of these investigations suggest that cannabis users were not more 

anxious than controls as a result of the testing procedure. Therefore, the differences 

found between groups on measures of test perfo11rl.8nce and efficiency of information 

processing, are more likely to reflect the effects of long term cannabis use and not be due 
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to higher levels of anxiety in the cannabis users. However, the results do suggest that 

cannabis users may have generally higher resting levels of trait anxiety than controls, 

particularly if they are frequent or heavy users of cannabis. It is possible that individuals 

with high anxiety choose to use cannabis to "self-medicate". The other possibility is that 

heavy cannabis use might lead to the development of greater anxiety; to what extent this 

may occur is difficult to determine without prospective studies. Some support for this 

hypothesis was provided by the ex-cannabis users' descriptions of increasing paranoia 

and anxiety with prolonged heavy use, as prime factors for ceasing cannabis use (see 

below). 

10.2 Psychopathology 

Many studies have also established that drug using populations show significantly 

more signs and symptoms of psychopathology than seen in the general population (eg. 

Anthony and Helzer, 1991; Darke et al, 1992; Meyer, 1986; Ross, Glaser and 

Gennanson, 1988; Rounsaville, 1989; Rounsaville et al, 1991; Swift et al, 1990). There 

bas been extensive debate over the possible causal significance of this psychopathology: 

does an underlying psychopathology induce a person to seek out and use drugs, either as 

an attempt to self-medicate the symptoms of the pathology, or is drug use itself a 

symptom? Some claim there is sufficient evidence that cannabis use is causal in the 

development of psychotic disorders. Hall, Solowij and Lemon (in press) reviewed the 

literature pertinent to this issue and found little support for the hypothesis that cannabis 

use can cause either an acute or a chronic functional psychosis which persists beyond the 

period of intoxication. There is suggestive evidence that heavy use may produce an 

acute toxic psychosis and that long tem1 use may precipitate a latent psychosis in 

vulnerable individuals, but the estiroawi attributable risk is ~mall. Others have argued 
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that drug use is merely an expression of deviance without any negative connotation, and 

that deviant persons are more likely to show deviant scores in measures of psychiatric 

symptomatology (eg. Mugford and Cohen, 1989). Regardless of the true causality, 

psychopathology was considered wonhy of investigation, and given that various 

psychiatric groups are known to have different ERP signatures to the nm•oal population, 

it was deemed essential to determine the relationship between cannabis use, 

psychopathology and the ERP effects found in this course of study. 

The Symptom Checldist 90-R (SCL-90-R) (Derogatis, 1983) was selected to 

assess psychopathology in cannabis users and controls in the studies reported here. This 

is a 90 item checklist of symptoms that the subject rates on a five point scale ranging 

from "not at all" (0) to "extremely" (4:;, to indicate the level of distress caused by each 

symptom within the past week. The 90 symptoms are subdivided into nine categories of 

primary symptom dimensions: 1) Soroatization; 2) Obsessive-Compulsiveness; 3) 

Interpersonal Sensitivity; 4) Depression; 5) Anxiety; 6) Hostility; 7) Phobic Anxiety; 8) 

Paranoid Ideation; 9) Psychoticism. In addition, three global measures of 

psychopathology indexing distress are calculated: the Global Symptom Index (OSI), the 

Positive Symptom Distress Index (PSDI) and the Positive Symptom Total (PST). The 

GSI is the mean value of all 90 raw scores, the PSDI is the average value of all items 

scored from 1 to 4, and the PST is the total number of items scored between 1 and 4. 

Although there have been numerous studies that demonstrate adequate reliability and 

validity for the SCL-90-R, there has been criticism that the subscales are not well 

differentiated and that its primary value may be as a measure of global symptomatology 

(Riskind et al, 1987). The test manual itself recommends the OSI as the most 

meaningful overall measure of global symptom distress (Derogatis, 1983). It states that 

the GSI is the single best indicator of depth of disorder or psychopathological distress, 

as it combines information on the number of symptoms and the intensity of perceived 

distress. 
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Mean scores for cannabis users, ex-users and controls of experiments three and 

four are presented in Table 10.2. When cannabis users overall were compared with 

controls, they differed significantly only on one subscale, that of hostility [F( 1,46) = 

4.77, p < 0.0341], with cannabis users scoring significantly higher than controls. There 

were trends toward higher scores in cannabis users on a number of other subscales: 

Paranoid Ideation [F(l,46) = 3.58, p < 0.0646], Phobic Anxiety [F(l,46) = 2.89, p < 

0.0957], and Psychoticism [F(l,46) = 2.86, p < 0.0975]. Cannabis users had a 

significantly greater Positive Symptom Total (PST) than controls [F(l,46) = 5.13, p < 

0.0283], indicating that users reponed experiencing distress on a greater number of 

symptoms overall than did controls. There were trends toward a higher total score 

[F(l,46) = 3.18, p < 0.0811], and a higher Global Severity Index (OSI) [F(l,46) = 

3.20, p < 0.0803] in cannabis users than in controls. The normative data provided in the 

test manual gave a score of 0.31 (SD = 0.31) on the GSI for an adult population, or 0.76 

(SD = 0.54) for adolescents. It is clear that the sample of controls of the studies reported 

in this thesis were very close to the no1tnat adult GSI score, whereas cannabis users 

scores fell between the scores f<r adults and adolescents. This may be a reflection of 

delayed maturation in the cannabis users. 

When groups were compared on the basis of duration or frequency of cannabis 

use, there were few differences between long term users, short term users and controls, 

but heavy frequency use resulted in higher scores on many subscales and global 

measures of distress. Comparison of heavy users, light users and controls resulted in 

significant group differences on the following measures: Total score [F(2,45) = 5.95, p 

< 0.0051], Depression [F(2,45)= 4.36, p < 0.0186], Anxiety [F(2,45) = 5.43, p < 

0.0077], Hostility [F(2,45) = 7 .08, p < 0.0021], Psychoticism [F(2,45) = 4.33, p < 

0.0191], GSI [F(2,45) = 5.96, p < 0.0051], and PST [F(2,45) = 5.87, p < 0.0054]. 
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Table 10.2. Mean scores (and standard deviations) from subscales of the 

SCL-90-R for cannabis u1ers, ex-users and controls. 

10TAL 

SOM 

0-C 

IPS 

DEP 

ANX 

HOS 

PHOB 

PAR 

PSY 

OSI 

PSDI 

PST 

Cannabis Long 
users 
overall 

48.06 
(33.49) 

0.457 
(0.396) 

0.753 
(0.483) 

0.732 
(0.624) 

0.646 
(0.646) 

0.378 
(0.380) 

0.594 
(0.566) 

0.218 
(0.372) 

0.558 
(0.527) 

0.381 
(0.453) 

0.535 
(0.372) 

1.458 
(0.332) 

31.00 
( 16.25) 

term 

users 

47.38 
(38.32) 

0.376 
(0.225) 

0.688 · 
(0.429) 

0.826 
(0.818) 

0.678 
(0.714) 

0.344 
(0.403) 

0.636 
(0.667) 

0.231 
(0.442) 

0.501 
(0.533) 

0.388 
(0.480) 

0.526 
(0.426) 

1.449 
(0.378) 

29.69 
(16.44) 

Shon 
teJm 

users 

48.75 
(29.12) 

0.537 
(0.509) 

0.819 
(0.538) 

0.639 
(0.340) 

0.614 
(0.369) 

0.413 
(0.365) 

0.552 
(0.462) 

0.204 
(0.299) 

0.614 
(0.532) 

0.375 
(0.440) 

0.543 
(0.323) 

1.468 
(0.290) 

32.31 
(16.49) 

Heavy 
users 

63.00 
(38.06) 

0.527 
(0.512) 

0.906 
(0.537) 

0.916 
(0.777) 

0.875 
(0.675) 

0.550 
(0.408) 

0.833 
(0.650) 

0.303 
(0.448) 

0.667 
(0.640) 

0.544 
(0.462) 

0.701 
(0.422) 

1.579 
(0.334) 

37.44 
(16.73) 

Light 

users 

33.13 
( 19.83) 

0.386 
(0227) 

0.600 
(0.380) 

0.548 
(0.358) 

0.418 
(0.284) 

0.206 
(0.262) 

0.355 
(0.343) 

0.133 
(0.263) 

0.448 
(0.374) 

0.219 
(0.394) 

0.369 
(0.222) 

1.337 
(0.290) 

24.56 
( 13.33) 

Ex
cannabis 
users 

58.29 
(38.46) 

0.476 
(0.432) 

1.018 
(0.653) 

0.845 
(0.555) 

0.767 
(0565) 

0.582 
(0.640) 

0.530 
(0.499) 

0.260 
(0.383) 

0.691 
(0.517) 

0.432 
(0.477) 

0.647 
(0.428) 

1.487 
(0.359) 

36.11 
( 19.44) 

Controls 

30.75 
(27.64) 

0.444 
(0577) 

0.563 
(0.486) 

0.443 
(0.569) 

0.428 
(0.464) 

0.269 
(0.247) 

0.261 
(0.311) 

0.053 
(0.146) 

0.271 
(0.416) 

0.169 
(0.303) 

0.342 
(0.307) 

1.363 
(0.393) 

20.19 
(14.13) 

TOT = Total score; SOM = Somatization; 0-C = Obsessive-Compulsiveness; IPS = 
Interpersonal Sensitivity; DEP = Depression; ANX = Anxiety; HOS = Hostility; PHOB = 
Phobic Anxiety; PAR= Paranoid Ideation; PSY = Psychoticism; GSI = Global Symptom 
Index; PSDI = Positive Symptom Distress Index; PST = Positive Symptom Total. 
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Group multiple comparisons indicated that for every measure above, heavy users 

scmed significantly higher than light users and controls, while the latter two groups did 

not differ. Trends toward greater distress reponed by heavy cannabis users were also 

apparent for Obsessive-Compulsiveness [F(2,45) = 2.55, p < 0.0890], Interpersonal 

Sensitivity [F(2,45) = 2.81, p < 0.0710], Phobic Anxiety [F(2,45) = 2.67, p < 0.0801], 

Paranoid Ideation [F(2,45) = 2.61, p < 0.0846] and on the global measure of PSDI 

[F(2,45) = 2.43, p < 0.0992). Thus, the subscale of Somatization was the only measure 

where there was no tendency toward an effect of frequency of cannabis use. The only 

indication of some effect due to duration of use appeared as trends toward group 

differences for Hostility [F(2,45) = 2.46, p < 0.0972) and the PST [F(2,45) = 2.63, p < 

0.0829). 

The cannabis users of experiments one and two showed similar results to the 

heavy users of experiment three. They differed significantly (or marginally) from their 

nonuser controls on every measure except Somatiution. The control group of 

experiments one and two, however, may have been somewhat atypical: not only did they 

fall within a low percentile with their STAI scores (as reported above), but their SCL-

90-R scores were lower than those of the control group of experiment three. Caution 

must be observed when analysing and intc1preting data from small samples. For this 

reason, <;011elational analyses between SCL-90-R scores and ERP and perfoio,ance 

measures were not conducted for experiments one and two. 

Ex-cannabis users did not differ significantly from long term or short term current 

cannabis users on any measure from the SCL-90-R. There was a trend toward higher 

scores for ex-users than long term users on Obsessive-Compulsiveness [F(l,42) = 3.27, 

p < 0.0776]. In contrast, when ex-users were compared with controls, they differed 

significantly (or near to significantly) on every measure except Somatization and the 
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PSDI: Total score [F(l,42) = 6.31, p < 0.0160], Obsessive-Compulsiveness [F(l,42) 

= 5.90, p < 0.0195], Interpersonal Sensitivity [F(l,42) = 5.24, p < 0.0271], 

Depression [F(l,42) = 4.14, p < 0.0481], Anxiety [F(l,42) = 3.51, p < 0.0681], 

Hostility [F(l,42) = 3.78, p < 0.0585], Phobic Anxiety [F(l,42) = 4.29, p < 0.0445], 

Paranoid Ideation [F(l,42) = 7.67, p < 0.0083], Psychoticism [F(l,42) = 3.95, p < 

0.0535], OSI [F(l,42) = 6.26, p < 0.0163], and PST [F(l,42) = 8.21, p < 0.0065]. 

The higher scores for ex-users compared to controls may be interpreted in a 

number of ways. It is possible that their long term use of cannabis resulted in an 

increase in the kind of symptoms assessed by the SCL-90-R. Most of the measures on 

the SCL-90-R appear to be affected by frequency of cannabis use and the ex-user group 

had used cannabis heavily in the past. While cw1ent heavy users scored significantly 

higher on most SCL-90-R meas~s compared to both light users and controls, 

frequency of use did not co11elate significantly with the GSI in current cannabis users (r 

= 0.27) nor in ex-users (r = 0.24). Nor did a relationship exist between GSI and 

duration of cannabis use in current users (r = -0.20) or ex-users (r = -0.15). 

Nevenheless, it may be that the sample of ex-cannabis users represent those more 

vulnerable to the harmful effects of cannabis and this is precisely the reason why they 

ceased their use of cannabis. Another possible interpretation is that the ex-users had 

used cannabis to self-medicate underlying psychopathological symptoms which have 

resurfaced since the cessation of use. However, given the self-repons of the ex-users 

experiences with cannabis, this explanation seems unlikely and also the duration of 

abstinence in the ex-users did not co11elate significantly with the OSI (r = 0.22). 

PN to pitch irrelevant tones was unrelated to the OSI in any group (current users: r 

= -0.19; ex-users r = -0.05; controls r = -0.09). P300 latency did not vary as a function 

of OSI in current cannabis users (r = -0.05) or ex-users (r = 0.29), although a striking 
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inverse relationship was found to exist in the control group (r = -0.73, p < 0.001). 

Thus, in controls only, it appeared that the greater the global symptoms of distress, the 

earlier P300 occUITCd. This was initially considered puzzling, possibly reflecting a 

spurious association due to small sample size (N =15 controls for this analysis). 

However, a search of the literature on P300 latency and psychiatric symptomatology 

found one recent report of shorter latency P300 in obsessive compulsive patients (Towey 

et al, 1990), which was suggested to be the result of hyperactive perceptual systems. 

The nonuser controls studied here scored more highly on obsessive-compulsiveness than 

the normative ~ample published in the test manual (mean 0.39, SD = 0.45). In fact, the 

controls scored higher on obsessive-compulsiveness than on any other subscale, but in 

most instances so did the cannabis user groups. This suggests that once again there are 

underlying differences in the modus operandi of cannabis users and controls. 

In the cw1ent cannabis user group, the relationship between their frequency of 

cannabis use and P300 latency (r = 0.50) was only strengthened by removing any effects 

of GSI (r = 0.69). GSI was unrelated to any of the perfo1n,ance measures from 

cannabis users (RT: r = 0.11; hit rate: r = -0.12; false alarm rate: r = 0.15), whereas in 

controls there were nonsignificant trends toward a lower hit rate (r = -0.43, p > 0.09) 

and greater false alarm rate (r = 0.35) with increasing OSI, but no relationship with 

reaction time (r = -0.20). 

10.3 Cannabis dependence 

The Diagnostic and Statistical Manual of Mental Disorders (DSM-ill-R) (American 

Psychiatric Association, 1987) defines cannabis dependence as daily or almost daily use 

of the substance, while cannabis abuse is defined as episodic use with evidence of 
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maladaptive behaviour, such as chiving whilst intoxicated. Both develop over a 

substantial period of time with repeated use; typically it is the frequency of use that 

increases over time, rather than the absolute amount, often with concomitant loss of 

pleasurable effects and an increase in dysphoric effects. It is stated that impairment in 

social and occupational functioning, and the development of physical disorders, are less 

than those typically seen with other psychoactive substances. By these criteria, most of 

the cannabis users participating in the studies reported here could be labelled "cannabis 

dependent" or "cannabis abusers". 

Despite these DSM-W-R definitions, there has been debate over the years about 

the existence of a dependence syn<home, with claims that the concept remains poorly 

defmed and its existence questionable. Hall, Solowij and Lemon (in press) reviewed the 

literature penaining to evidence for the existence of cannabis dependence and concluded 

that the syndrome as defined by DSM-ill-R probably does exist in chronic heavy users 

and that the general diagnostic criteria for psychoactive substance abuse disorders 

provided by DSM-ID-R are probably appropriate. Nevertheless, unlike alcohol and 

other drugs such as opiates, for which many scales and assessment tools for dependence 

have been formulated, there is no internationally accepted measure of dependence on 

cannabis. One scale developed by Hannifin (1987), named the Cannabis Abuse Severity 

Screening Test (CASST), was piloted but has not been widely applied. As a short scale 

consisting of eleven yes/no questions each wonh one point (see Appendix B), this 

provided for the purposes of this study an assessment of "cannabis dependence" that 

was quick to administer, with a maximum score of 11. The questions were paraphrased 

retrospectively for the ex-users of experiment four. The CASST was only added to the 

experimental protocol for experiments three and four. Hence, no data is available for the 

small sample of cannabis users of experiments one and two, although six of the ten users 

claimed to have felt dependent on cannabis. 
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Mean scores on the CASST fm each of the cannabis using groups of experiment 

three and the ex-users of experiment four are presented in Table 10.3. The ex-users 

scored significantly higher than either the current long term [F(l,42) = 4.55, p < 

0.0388] or shon term users [F(l,42) = 12.69, p < 0.0009]. Ex-users did not differ 

from cw,ent heavy users [F(l,42) = 1.93, p > 0.17] but scored significantly higher than 

light users [F(l,42) = 19.45, p > 0.0001]. Of the current user groups, long term users 

did not differ from shon term users [F(l,30) = 1.24, p > 0.27] and heavy users scored 

significantly higher than light users [F(l,30) = 9.56, p < 0.0043]. 

Table 10.3 Mean ''cannabis dependence'' scores (and standard 

deviations) from the CASST for cannabis user groups and ex-users. 

Longte1m 

users 

4.44 

(2.63) 

users 

3.50 

(2.10) 

Heavy 

users 

5.13 

(2.00) 

Light 

users 

2.81 

(2.23) 

Ex-users 

6.14 

(2.51) 

These results reinforce the concept of cannabis dependence, as measured by the 

CASST, as being related to frequency of use. This was supported also by a significant 

co11elation between CASST scores and frequency of cannabis use (r = 0.51, p < 0.005) 

in the current user group, whereas there was no relationship between CASST score and 

duration of cannabis use (r = -0.21). Interestingly, CASST scores did not correlate with 

monthly alcohol consumption (r = 0.02), suggesting a dissociation between dependence 

on alcohol and cannabis. However, caution with such interpretations is warranted since 

eight of the eleven questions of the CASST are specific to cannabis, and also it is not 

well established that the CASST is indeed measuring "dependence". Only two questions 
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specifically address frequency of use, whereas the other items address possible problems 

associated with cannabis use. 

The CASST did not co11elate with past reported frequency of use in the ex-user 

group (r = 0.10), but tended toward a stronger inverse relationship with their past 

duration of use (r = -0.27). It is possible that ex-users overrepon symptoms of 

dependence as a justification for giving up and as a source of motivation to remain 

abstinent and not give in to their perceived "addiction". Similarly, current long term 

users may be less likely to report symptoms of dependence, perhaps to justify their 

contin~ed use of the drug, than those who have successfully given up. 

Perhaps for the ex-users, the perception of cannabis related problems was 

unrelated to their frequency of use, but was related to use in general. Thus, for many 

ex-users the idea of cutting down was not feasible, and they saw a "cold turkey" 

approach as the only way of succeeding in "beating the addic:tion". Indeed, one ex-user 

reponed regular weekly attendance at both Narcotics Anonymous and Alcoholics 

Anonymous meetings since his cessation of cannabis use two years ago. This particular 

subject claimed never to have used any other drugs on a regular basis, nor to have ever 

had a problem with his alcohol consumption. He complained of feeling embarrassed at 

the meetings if others found out that his problem drug was cannabis and not narcotics or 

alcohol, and tried to conceal this fact whenever possible. He lamented the lack of 

support groups for "cannabis dependent" individuals and had felt a need himself to resort 

to the above organisations for assistance. This came in the way of constant 

reinforcement of the notion of addiction, which for him was a method of justifying and 

coping with abstinence. 

Ex-users' self-reports of dependence and definitions of the concept of dependence, 

have already been discussed in Chapter 9 (60% of the sample claimed to have felt 
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dependent on cannabis). The remaining 40% of the ~ample of ex-users denied ever 

having felt dependent on cannabis, but nevenheless scored between 3 - 9 on the CASST 

with a mean score of 5.17. In the sample of current users of experiment three, the 

figures were reversed, with 40% repcrted having felt dependent and 60% claiming never 

to have felt dependent The CASST scores of the latter group were lower than in the ex

users who had denied feeling dependent, ranging from O - 6 with a mean of 2.84. Some 

clarified this denial of dependence by stating that they had experienced a strong desire to 

smoke cannabis, but not a need to. Some said they had felt strong cravings but would 

not label this as dependence, whereas for others the experience of strong cravings or 

even just the frequent desire to get "high" defined the concept of dependence. 

Dependence was seen as primarily emotional and psychological, not physical, with 

descriptions of cannabis being an integral pan of daily life, a crutch used to assist in the 

completion of routine activities, a habitual cme for boredom and stress, an escape from 

depression. A number of subjects described dependence on the ritualistic cues 

associated. with the actual smoking of cannabis, and the enormous amounts of time and 

energy involved in going out to "score" and the feelings of stress and "hanging out" 

(strong craving) when unable to obtain any cannabis. 

Withdrawal symptoms were described by 14 of the ex-cannabis users, the 

remainder claiming not to have experienced any, or reporting that these could be 

minimised by gradual cutting down as opposed to sudden "cold turkey" cessation of use. 

The types of symptoms experienced included both physical and psychological effects: 

headaches, insomnia, palpitations, flushes, tingles and shakiness, weight loss, 

sweating, tension, depression, nigbtmares and strong cravings. Most reponed that these 

symptoms diminished within a few weeks of cessation of use. 

Correlational analyses between CASST scores and perfo1111aPce measures on the 

selective attention task found marginally significant longer reaction times and a smaller 
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number of correct detections as a function of CASST score in the ex-cannabis user group 

(RT: r = 0.34; hit rate: r = -0.32, p = 0.05), but these effects were not apparent in 

current users (RT: r = 0.11; hit rate: r = -0.13). Errors of commission did not correlate 

with CASST score in either sample (current users: r = 0.19; ex-users: r = 0.21). 

CASST scores were unrelated to PN to pitch irrelevant tones in current users (r = 0.03) 

or ex-users (r = -0.02), and no relationship was apparent with P300 latency (users: r = 

0.03; ex-users: r = 0.11). None of these relationships were altered by controlling for the 

effects of frequency of cannabis use. 

10.4. Cognitive failures ? 

The Cognitive Failures Questionnaire (CFQ) was developed by Broadbent (et al, 

1982) in the hope of providing a scale sensitive to mild cognitive dysfunction and in 

particular as an index of everyday absent-mindedness and failures of attention. The scale 

consists of 25 questions about minor mistakes in everyday functioning, for which 

subjects indicate frequency of occurrence on a five point scale: very often, quite often, 

occasionally, very rarely, never. Examples of the types of questions in the scale include: 

Do you read something and find you haven't been thinking about it and must read it 

again?; Do you fail to notice signposts on the road?; Do you forget why you went from 

one part of the house to the other? Do you start doing one thing at home and get 

distracted into doing something else (unintentionally)?. While these minor "cognitive 

failures" are experienced by us all from rime to time, clinical and anecdotal evidence 

suggests that cannabis users seem to complain of their occurrence more frequently. It is 

often such c01nplaints that incline users to believe that their memory is impaired (see 

section 10.5 below). 

Although the CFQ has not been widely applied in research, it was considered 
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worthy of including in this investigation for a number of reasons aside from the 

frequency of self-report in cannabis users. On the surf ace, the minor mistakes appear to 

reflect problems with both memory and attention, the two most frequently reported 

cognitive deficits associated with cannabis use (see Chapter 5). However, the 

questionnaire is thought to specifically provide a measure of everyday failures of 

selective attention, since scores do not predict perfox1oance on memory tasks, but are 

thought to predict the efficiency of selective attention (Broadbent et al, 1982). One 

explanation for cognitive failures is that they occur when processing requirements exceed 

the amount of general processing capacity postulated to be available. Broadbent, 

Broadbent and Jones ( 1986) demonstrated that subjects with low CFQ scores were less 

susceptible to interference and showed more efficient selection of targets. Tipper and 

Baylis (1987) investigated individual differences in selective attention and found that 

high CFQ scorers had longer reaction times to targets in the presence of distractors. 

Only the more efficient selectors, those scoring low on the CFQ, also showed an 

enhanced ability to inhibit distractors in another experiment, showing strong evidence of 

negative priming. The questionnaire has not been administered to cannabis users. From 

the ERP results of this series of srudies, which indicated a difficulty in inhibiting 

irrelevant information in long term cannabis users, together with previous repons of 

attentional problems, distractibility and intrusion errors, it was hypothesised that 

cannabis users would score more highly on the CFQ than controls. The relationships 

between CFQ scores, cannabis use and ERP measures were also examined. 

Mean CFQ scores are depicted in Table 10.4. Cannabis users of experiments one 

and two did not differ from their control group [F(l,18) = 0.22, p > 0.64]. The 

remainder of this section will focus on users and controls of experiment three, and the 

ex-users of experiment four. Data was missing from six current cannabis users of 

experiment three: 4 long term users (2 heavy and 2 light) and 2 shon term users (one 

each heavy and light). Cannabis users did not differ from controls overall [F( 1,40) = 
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0.82, p > 0.37] and groups did not differ on the basis of duration of use [F(2,39) = 

1.14, p > 0.32]. There was a marginally significant effect of frequency of use [F(2,39) 

= 3.14, p < 0.0544] and group multiple comparisons revealed heavy cannabis users to 

score significantly higher than light users [F(l,24) = 9.36, p < 0.0054], with a trend 

toward higher scores than controls [F(l,27) = 3.18, p > 0.08] and no difference 

between light users and controls [F(l,27) = 0.15, p > 0.70]. Ex-users did not differ 

from controls [F(l,42) = 0.28, p > 0.60], nor from current long [F(l,38) = 0.19, p > 

0.66] or short term users [F(l,30) = 0.60, p> 0.44]. 

Table 10.4 Mean CFQ scores (and standard deviations) for cannabis 

users, ex-users and controls. 

Experiments one and two 

Cannabis users 

37.50 

(13.20) 

Experiments three and four 

Cannabis 
users 
overall 

39.12 

(8.81) 

Long 
tt2m 
users 

36.42 

(7.99) 

Controls 

35.30 

(6.70) 

Short 
leiill 

users 

41.23 

(9.10) 

Heavy 
users 

43.69 

(9.05) 

Light 
users 

34.54 

(5.87) 

Ex- Controls 
cannabis 
users 

38.29 36.06 

(13.69) (13.07) 

Correlational analyses showed CFQ scores to be significantly related to frequency 
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of cannabis use in the current users (r = 0.50, p < 0.005), but not in the ex-users (r = -

0.10). There was a trend toward an inverse relationship between CFQ and duration of 

use in current users (r = -0.31), with a weaker trend in the same direction in ex-users (r 

= -0.20). The lack of a relationship with past frequency of use in ex-users is not 

swprising since any effect due to frequency of use would not be expected to endure with 

abstinence from the drug, as opposed to effects due to cumulative exposure to cannabis 

which may linger well beyond the period of active cannabis use (as discussed in Chapter 

8). The trend toward a relationship in the unexpected direction between CFQ score and 

duration of cannabis use, may be explained by the interpretation that those who continue 

to use cannabis on a long tetm basis may be those who experience the least cognitive 

dysfunction associated with their use of cannabis, while those who experience problems 

discontinue their use earlier (as discu.,sed in Chapter 9). However, given the findings 

throughout this thesis of poorer inhibition of irrelevant stimuli increasing as a function of 

duration of cannabis use, CFQ scores, if they indeed reflect mechanisms of selective 

attention, should have cm1elated with duration of cannabis use as well. In fact, CFQ 

scores did not correlate with PN to pitch irrelevant tones in any group (users: r = 0.00; 

ex-users: r = 0.12; controls: r = -0.21). Nor were there any significant relationships 

between CFQ scores and P300 latency (users: r = 0.29; ex-users: r = 0.13; controls: r = 

-0.31 ). 

There was a trend toward a co11elation between CFQ score and the percent of false 

alarms on the selective attention task in the current cannabis user sample of experiment 

three (r = 0.33, p < 0.09). No such trend was apparent in the control group (r = 0.19), 

nor in the ex-users (r = -0.11 ), and there was no relationship between CFQ score and 

any other performance measure in any group. Similarly, Broadbent et al (1982), did not 

find performance in a wide range of cognitive tasks to be associated with levels of 

cognitive failures. 
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Martin and Jones (1983) suggested that "there appears to be no evidence that the 

generation of cognitive failures in everyday life is related to inefficient perf onnance in 

laboratory tasks that require the focussing of attention upon a single channel of 

information (as opposed to its distribution over more than one channel)". They went on 

to say that "cognitive failures are likely to be the consequence not of fluctuations in an 

otherwise satisfactory level of perfmo,ance of individual tasks, but rather the 

consequence of attempting to perfo,m adequately two or more tasks whose joint 

requirements ... may interact to temporarily exceed the resources available" (p. 187). 

This implies that the incidence of cognitive failures would be higher when processing is 

performed in parallel than in a serial manner, and particularly in multiple tasks~ As 

proposed by Kahnerna" (1973), only if the combined processing demands of the tasks 

exceed the limited capacity available, is perfo1n,ance on one or the other or both tasks 

impaired. CFQ scores may therefore co11elate with scores on divided attention tasks, but 

not sele-ctive attention tasks. Thus, the failure to detect a relationship between CFQ 

scores and either PN or duration of cannabis use, may be because the CFQ measures 

different mechanisms of attention and cognition, or is related more to tasks that exceed 

resource capacity. 

10.S. The qualitative experience of long term cannabis use: effects and 

problems by self-report 

It has often been assu111Cd that because cannabis does not evince a well defined 

physical dependence and is not lethal, extensive use by adults must by definition be less 

problematic than that of alcohol and most other drugs (Roffman. and George, 1988). 

Unfonunately, there has been little systematic effort to assess and understand chronic or 

problematic cannabis use. The literature devoted to the assessment of cannabis users and 
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the perceived effects of cannabis use has been scant, and there have been no standardized 

instruments for research purposes. The questionnaires administered to the cannabis 

users studied in this thesis were designed in an attempt to incorporate suggestions for 

consistency in the assessment of self-reponed problems and effects. Thus, ideas and 

items were adapted from Roffman and George's (1988) discussion of cannabis abuse 

assessment, Rittenhouse's (1979) pool of questionnaire items developed to tap users 

perceptions concerning the effects of marijuana use on their lives, and Huba, Bentler and 

Newcomb's (1981) examples of questionnaire items for both positive and negative 

marijuana consequences. 1be final questionnaire items selected are presented in 

Appendix B. 

The purpose of this assessment was to provide an opportunity for cannabis users 

to self-repon perceived effects and problems associated with their use. It was hoped to 

ascertain to what extent users themselves are aware of the types of cognitive deficits 

generally attributed to the chronic use of cannabis (see Chapter 5), and the deficits in 

selective attention detected in the research of this thesis. 

First of all, why do people like to smoke cannabis ? The most frequent reasons 

given by the users across all experiments fell into two categories: therapeutic/ self

medicating reasons (eg. in order to relax, relieve stress or boredom, elevate mood, 

escape depression or the reality of the outside world, enhance appetite, help sleep, dispel 

aggression, and for its analgesic effects in curing headaches, stomach aches, nausea 

etc.); and general pleasurable effects (eg. for fun, mental stimulation, creativity, 

enhancement of the senses, enhanced enjoyment of music and films, alteration of 

perception and consciousness, sociability). Some noteworthy reasons provided by one 

or two subjects were that they like to smoke in order to cme the cravings, to feel normal 

again, and because they genuinely like the actual ritual of smoking cannabis. 
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In response to a shon checklist of perceived acute effects of cannabis, 70% of 

current users reponed their ability to relax was enhanced by the use of cannabis (47% of 

ex-users agreed). Just over two thirds of the sample of users reported enhanced sexual 

experience under acute intoxication (conoborated by 53% of ex-users). Although many 

reponed using cannabis to enhance creativity and the flow of ideas, one third of the 

sample reponed diminished ability to think clearly under the influence of cannabis (43% 

of ex-users) and 48% reponed variation in the acute effect of cannabis sometimes 

enhancing, sometimes diminishing the ability to think clearly (50% of ex-users). While 

many acknowledged an impaired ability to drive a motor vehicle while under the 

influence of cannabis (47% of users and 50% of ex-users), a substantial proportion 

believed cannabis to sometimes enhance and sometimes diminish their driving ability 

(35% of users, 23% of ex-users). The small number of subjects who believed that 

cannabis consistently improved their driving perfu1,,aance were offset by the small 

number of subjects who claimed never to drive while under the influence of cannabis. 

The things that subjects reponed disliking most about cannabis were primarily its 

cost, its illegal status, the lack of availability, the development of tolerance and 

cannabis's addictive qualities, the development of paranoia, lethargy, depression and 

tiredness, loss of motivation, and the detrimental effects on memory, concentration, 

study and communication. Some subjects clair11Cd there was nothing they disliked about 

cannabis. 

In response to an open ended question about any problems associated with the use 

of cannabis, memory and in particular shon term memory, was the most frequently 

reported problem, nominated by approximately 50% of the sample. This was closely 

followed by problems with concentration, and third in order of frequency was a loss of 

motivation and general lethargy. Depression and paranoia were reported by a small 

percentage of the samples studied, and a few reponed the addictive qualities of cannabis 
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as problematic. One third of the current user sample claimed never to have experienced 

any problems associated with their use of cannabis. Some subjects claimed to be aware 

of problems with memory and concentration during only the acute phase of intoxication. 

In general, few of the cmrent users believed there to be any persistent adverse effects on 

cognition, but some were concerned that they themselves may not perceive or be aware 

of the deficits. 

These general results were also apparent in cmrent cannabis users' responses to a 

checklist of the perceived consequences of use. The percentages reporting impairment 

on a variety of items in a checklist are presented in Table 10.5, listed in rank order for 

current users. The item judged by the largest proportion of users and ex-users combined 

as a long term consequence of cannabi& use was that of impaired memory. Interestingly, 

the abilities to think clearly and concentrate on complex tasks were judged as being 

impaired by slightly more ex-users than judged memory to be impaired. Thus, the rank 

order of perceived impairments was slightly different in the ex-cannabis user group, and 

impairment was perceived by a vastly larger percent of the sample in ex-users compared 

to cw1ent users. Reasons for this have already been discussed with regard to 

dependence (see section 10.3 above) and it is not surprising that those who choose to 

cease their use of cannabis would be those who experience greater problems with their 

use. Otherwise, there would be no good reason to stop. 

When cannabis is used regularly over a prolonged period of time, a state of chronic 

intoxication is believed to develop (Lundqvist and Ericsson, 1991). This state of chronic 

intoxication is characterised by "cloudy", "foggy" or "muddy" thought processes as 

described by users themselves. It is likely, therefore, that during such a state of 

continued use, the user is unable to perceive the long term consequences of his or her 

use. As argued by Lundqvist (personal communication), this is because the user has 
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Table 10.S Percent reporting impairment as a long term consequence of 

cannabis use and the percent of ex-users reporting improvement 

following cessation of use. 

Physical health 

General level of energy 

Ability to think clearly 

Ability to concentrate on 

complex tasks 

Work perfonnance and studies 

Ability to cope and solve 

life's problems 

Ability to communicate 

Relations with employers/seniors 

General confidence 

General co-ordination 

Excitement and enthusiasm 

for life 

Current users Ex-users 

52 77 

50 53 

36 70 

29 80 

26 80 

24 70 

21 60 

14 57 

14 43 

14 60 

12 40 

5 43 

Percent 

improved 

70 

94 

76 

79 

75 

95 

89 

88 

69 

83 

92 

54 

nothing to compare against, has no drug-fi:ee reference point. The "nonnal" state of 

being becomes the state of chronic intoxication and hence the user can only contrast the 

state of being acutely intoxicated with that of being chronically intoxicated, but cannot be 

aware of the differences between chronic intoxication and drug-free "normality". This 
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is panicularly because the chronic state of intoxication develops gradually over time. 

According to this hypothesis, when the use of cannabis is stopped and the accumulated 

cannabinoids given sufficient time to flush out of the bcxly, the ex-user will notice 

differences between the new drug-ftec state and the past state of functioning as a 

cannabis user and will be more aware of the effects that cannabis use was having upon 

their general state of functioning. Such an explanation is also consistent with the repons 

of ex-users versus current users in this study. 

Clearly, from Table 10.5, the majority of those who reponed experiencing long 

term consequences of cannabis use, also reponed an improvement upon cessation of 

use. Perhaps the area most resilient to improvement was that of excitement and 

enthusiasm for life, possibly reflecting difficulties with general motivation. While most 

report improvement on each item, it is nevenheless of concern that some do not. For 

example, 30% of those who perceived impaired memory function reponed that it had not 

improved following cessation of cannabis use. Similar figures can be seen for 

concentration, energy levels, clear thinking and relations with seniors. 

This thesis established subtle impairments in focussing attention and rejecting 

irrelevant information as being associated with the long term use of cannabis. It is 

possible that such specific processes and mechanisms involved in selective attention are 

not amenable to conscious awareness by users themselves. On the other hand, it is 

possible as argued above, that current long te1m users may be unable to perceive such 

deficits, but ex-users certainly reponed difficulties in concentration on complex tasks. 

The finding that the ability to reject irrelevant information partially resolves upon 

cessation of use is in accord with the report of 70% of ex-users of an improvement in the 

general functions associated with perforaoance on such a task. However, it is difficult to 

aw.enain to what extent the recovery is partial, and to what extent the apparent panial 

recovery may be due to the 30% of subjects who claim not to have improved functioning 
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after stopping cannabis use. 

It is likely that numerous individual differences in response to cannabis lurk 

beneath the fmdings of this thesis. A variety of variables were examined to explore 

possible individual differences. The age at which cannabis was first tried was similar 

across all samples studied, generally around 15 (SD = 2.3), and the age at which regular 

use commenced was around 17 (SD = 3.0). It is possible that the younger the age at 

which cannabis use is commenced, the more severe long term consequences will be 

experienced. However, neither age first tried nor earliest age of regular use correlated 

with PN to pitch irrelevant tones (r = 0.02 and r = 0.08 respectively). 

The types of cannabis preparation nominated as usually smoked by users were 

heads and hashish, both far more potent than leaf material. Thus, regular users 

specifically sought to pmchase stronger varieties. On a scale from Oto 10 representing 

potency, users rated the strength of what they usually smoked as about 7.5, and on a 

scale from O to 10 representing degtcc of intoxication, the usual mean level reached was 

reported to be 6.6. These cannabis users were smoking to this level of intoxication, 

highly potent fo1111S of cannabis at quantities of between 15 to 300 mg per day, 3 days 

per week on average. A combination of high potency, large quantity, heavy frequency, 

long duration use may interact with other factors specific to the individual, and may 

contribute to the exacerbation of long term adverse consequences. It is beyond the scope 

of this thesis to examine further possibilities or propose more hypotheses in this regard, 

but this is an important area for future research. 

To summarise the findings of this chapter, there is no reason to suspect that the 

ERP and performance differences between cannabis users and controls were related to 

greater levels of anxiety or psychopathology, and the self-reported cognitive 

consequences of long term use are mostly in accord with those found in this thesis. 
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CHAPTERll 

GENERAL DISCUSSION AND CONCLUSIONS 

11.1 Summary and discullion of the findings of this thesis 

The event-related potential studies presented in this thesis have provided evidence 

f<r long-luting functional brain impairment and subde cognitive deficits in chronic 

cannabis users in the unintoxicated state. Partial resolution of these impairments was 

demonsttated following the cessation of cannabis use. 

This series of studies was conducted in an attempt to isolate the types of cognitive 

dysfunction associated with the long term use of cannabis. Specific stages of 

information processing were e:,r:amined, with a focus on attentional mechanisms. Miller 

and Branconnier (1983) noted that many of the observed memory deficits in cannabis 

users may occur because cannabinoids disinhibit septal-hippocampal inputs to the 

reticular activating system resulting in failure to habimate to irrelevant stimuli. 

Accordingly, this thesis assessed the integrity of attentional processes in long term 

cannabis users using a combination of perfOJ1oan.ce and brain event-related potential 

measures, which together can provide insight into the nature of attentional dysfunction. 

Event-related potential (ERP) measures are sensitive markers of coven cognitive 

processes underlying oven behaviour; the amplitude and latency of various ERP 

components have been shown to reflect various stages of inf onnation processing. 
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The general protocol for this course of research was to e~amine the ERP indices of 

cognitive functioning in a group of cannabis users compared with a group of nonusers 

performing a complex task of auditory selective attention. In each experiment cannabis 

users were matched on age, sex and years of education with a group of nonuser controls 

who had either never used or had limited experience with cannabis. NART scores 

(Nelson, 1984) were used as an e~timate of premorbid IQ, and both IQ and monthly 

alcohol consumption were used as covariates in the analyses. Strict exclusion criteria 

were applied to any subjects with a history of head injury, neurological or psychiatric 

illness, significant or recent use of other drugs, or high levels of alcohol consumption. 

Subjects were instructed to abstain from cannabis and alcohol for 24 hours prior to 

testing and two mine samples were analysed to ensure that subjects were not intoxicated 

at the time of testing. 

The fmt study of this thesis examined a small and heterogeneous group of long 

term cannabis users, who had used cannabis for approximat.ely 11 years (range 3-20 

years) at the level of 5 days per week (range twice/week to daily use). They participated 

in two experiments. The fmt examined the ERP response in a simple auditory 

discrimination "oddball" task~ The results showed evidence of electrophysiological and 

information processing differences between cannabis users and controls: these were 

suggestive of delayed stimulus evaluation processes, dysfunctional stimulus evaluation 

strategies, and functional differences in the frontal regions of the brain in cannabis users 

compared to controls. Manipulation of task difficulty gave credence to the hypothesis 

that differences between users and conttols are more likely to be detected in more 

complex and demanding tasks. 

In the second experiment (and the remainder of the studies in this thesis), subjects 

completed a complex multidimensional auditory selective attention task in which random 

sequences of tones varying in location, pitch and duration were delivered through 
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headphones. They were instructed to attend to a particular ear and pitch, and respond 

with a button press to the infrequent long duration tones. This procedure enabled an 

examination of the brain's response to tones when attended and unattended. 

Cannabis users perfo1a,ted significantly more poorly than controls, with fewer 

cOITCCt detections, more e1101s (false alarms) and slightly longer reaction times. 

Analysis of the ERP measures showed that cannabis users had reduced P300 amplitudes 

compared to controls, reflecting dysfunction in the allocation of attentional resources and 

stimulus evaluation strategies. The most striking difference between groups was in the 

large processing negativity to stimuli of ilTelevant pitch seen in cannabis users but not 

controls, indicative of unn~ssary pitch processing by cannabis users and thus an 

inability to filter out complex inelevant info1mation. Cannabis users continued to 

process stimuli of ilTelevant pitch, while controls were able to reject this ilTelevant 

information ftom further processing at an early stage. These results were interpreted as 

suggesting that long teim use of cannabis may impair the ability to efficiently focus 

attention and reject ilTelevant inf or•• aation. 

The third experiment replicated and extended these findings with a larger sample of 

cannabis users and controls, examining the effects of frequency and duration of cannabis 

use. Thiny two cannabis users recruited from the general community, were split at the 

median on both frequency (light: S twice/week vs heavy: ~ 3 times/week) and duration 

(shon: 3-4 years vs long: ~ 5 years) of cannabis use. Equal numbers of heavy and light 

cannabis users contributed to the long and short duration user groups and vice versa. 

The mean number of years of use for the long duration users was about 10, and about 3 

years for shon duration users (overall range 3 to 28 years). The mean frequency of use 

was 18 days per month fer the heavy group and 6 for the light group (range: once/month 

to daily use). Subjects were matched to a group of nonuser controls (N=16) and a 

,imilar methodology to that of experiment two was employed. 
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Once again, cannabis users perforn,ance was worse than that of controls, with the 

greatest impairment observed in the heavy user group. The ERP results indicated that 

different attentional processes were differe11tiaJJy affected by frequency and duration of 

cannabis use. The long duration user group showed significantly larger processing 

negativity (PN) to pitch irrelevant ,timuli than did short duration users and controls, 

while the latter two groups did not differ. There were no differences in PN between 

groups defined on the basis of frequency of cannabis use. A significant correlation 

between PN and duration of cannabis use indicated that the ability to focus attention and 

filter out irrelevant information was progressively impaired with the number of years of 

use, but was unrelated to frequency of use. Frequency of use affected the speed of 

information processing, reflected in a delay in P300 latency in the heavy user group 

compared to light users and controls. P300 latency reflects the time taken to evaluate a 

stimulus. Thete was a significant WI,elation between P300 latency and increasing 

frequency of use, but P300 latency was unaffected by duration of use. 

These results were inte1preted to reflect different me-chanisms of short-lasting and 

long-lasting action of cannabinoids. The slowing of information processing in the brain, 

evidenced by a delayed P300 componen~ was inte1preted as a function of a chronic build 

up of cannabinoids resulting in a state of semi-intoxication where cannabis users may 

pcrf 01m as though they are acutely intoxicated even when they are not Hence as a 

residual effect, it was hypothesised that the delay would be eliminated by decreasing 

frequency of use and thus eliminating the build up of cannabinoids from the body. The 

progressive impairment in focussing attention and rejecting irrelevant information, 

evidenced by inappropriately large PN to complex irrelevant stimuli and being related to 

cumulative exposure to cannabis, was interpreted as reflecting long term gradual 

changes, possibly occurring at the cannabinoid receptor site. 
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Experiment four assessed the extent of reversibility of the impainnent observed as 

large PN to pitch irrelevant stimuli in experiments two and three, in a sample of long 

term cannabis users who had ceased using between 3 months and 6 years prior to 

testing. All had used cannabis for more than 5 years prior to cessation, with a mean 

duration of past use of 9 years (range 5 to 20 years). This group was compared with the 

cw1e,1t long and shon duration cannabis users and controls of experiment three. It was 

hypothesised that the excessively large PN to irrelevant ~timuli would gradually resolve 

as a function of prolonged abstinence from cannabis. 

The results of this study were complex: there was partial recovery of function but 

also continual evidence of an effect of past duration of cannabis use. The ex-cannabis 

users still performed more poorly than controls on the selective attention task and did not 

differ from current users. PN to pitch irrelevant tones still appeared large in the ex-user 

group, although ex-users did not differ significantly from controls or shon term users, 

and showed smaller PN than current long term cannabis users. Nevertheless, there was 

a highly significant relationship between PN to pitch irrelevant tones and the ex-users 

past duration of cannabis use, of the same order as that found in experiment three with 

cmrent users. PN did not co11elate with the duration of abstinence. These results were 

interpreted to suggest that large PN to irrelevant information partially resolves soon after 

the cessation of cannabis use, with no evidence of further improvement with prolonged 

abstinence. It appears that past cumulative exposure to cannabis continues to affect the 

processing of irrelevant information, and further there was evidence that the cessation of 

use may have affected the processing of relevant stimuli as well. A number of 

hypotheses were proposed to account for this unexpected finding. There was 

considerable variability in the sample of ex-users; for a portion of the sample there was 

no resolution of the inappropriately large PN to pitch irrelevant stimuli. These results 

emphasise the need to explore the possibility that individual differences contribute to an 

increased susceptibility to cognitive impairment associated with long term cannabis use. 
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This research provides a substantial advance in terms of rigour of methodology, 

specificity of assessment techniques and sensitivity of the measures used to investigate 

cognitive functioning in long term cannabis users. The results provide further evidence 

of subtle impairments in specific stages of cognitive functioning which are related both to 

attention, and also to memory function (even though memory function was not directly 

assessed). These studies have demonstrated the relative insensitivity of performance 

measures to cannabinoid effects, emphasising the need to use more sensitive measures to 

examine otherwise inaccessible, covert cognitive processes. 

11.2 Discussion of the findings and implications for future research 

The demonstration of differential impairments due to frequency and duration of use 

are imponant in terms of distinguishing residual from more long-lasting or chronic 

impairments as a function of long term use of cannabis. However, the mechanisms 

involved in such differential impairments re111ain obscure. If a given effect is strongly 

l;uiielated with cumulative exposure to cannabis, this implies progressive impairment 

that reflects gradual long te,m changes in brain function; it is therefore puzzling that such 

an effect would resolve fairly rapidly upon cessation of use, even if not entirely. This 

pattern of results suggests that there should be an interaction between frequency and 

duration of use, yet nowhere in this thesis wu such an interaction observed. Effects due 

to frequency and duration of use were entirely separable. Future research should 

address these issues and elucidate the mechanisms involved. 

Of course, the possibility that the dysfunction in information processing observed 

here could be due to some factor other than cumulative exposure to cannabis, cannot be 

eliminated. It is hard to imagine what such a factor might be, since it would have to 
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correlate highly with duration of cannabis use. The obvious candidate, age, was 

examined in specific analyses conducted to disentangle the relationship between duration 

of cannabis use and age. The results indicated that age did not cm1elate with PN to pitch 

irrelevant stimuli, although the study with ex-users suggested that recovery of function 

may occur more readily in younger subjects. Impairments appeared to be greater in 

cannabis users and ex-users of lower IQ. Since the cut off below which impairments 

were manifest was a Full Scale IQ of 119-121, the latter finding might indicate that only 

subjects of high average to superior intelligence are able to compensate for the 

detrimental effects of long telm cannabis use. 

Another possible candidate in explaining the results obtained could be personality. 

It is possible that those who are prone to using cannabis for a prolonged period may 

possess particular characteristics associated with a different style of inf011nation 

processing. Against this hypothesis is the fact that no personality typologies have been 

shown to affect ERP components and selective attentional processing in the way 

demonstrated in long term cannabis users in this thesis. While anxiety and certain 

aspects of psychopathology may be related to heavy frequency use of cannabis, none of 

these variables co11elated with duration of cannabis use nor with PN to pitch irrelevant 

tones. Nevenheless, the possibility of differing cognitive styles does exist (Peter 

Nelson, personal communication). The phenomenological experience of acute 

intoxication has been shown to vary as a function of personality characteristics ( eg. 

Musty, 1988), and cannabis use has been shown to be significantly associated with 

psychological distress in highly introspective individuals (Zablocki et al, 1991). Future 

research might attempt to better characterise such influences. 

One psychological variable that was not assessed was motivation. It could be 

argued that cannabis users may have been less motivated than controls to do well on the 

selective attention task, and that any differences found between groups could have been 
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due to these motivational differences. While levels of motivation were not assessed in 

this course of studies, it is worthy to note that participants were observed to fall into two 

broad categories. One group of users was of the opinion that they had smoked cannabis 

for rna1'y years and they believed that it had no severe long term consequences. As 

such, they almost challenged the experimenter to perfo1m whatever test they like and 

they would "prove" that cannabis had no long term adverse effect. Some participants, 

particularly those who belonged to the organisation NORML, were actively involved in 

lobbying for legalisation. The other broad category of participants were those who were 

genuinely interested in contributing to scientific knowledge regarding their drug of 

choice, and/or were concerned that their use of cannabis had adversely affected their 

cognitive functioning. Some hoped that their involvement in this research might provide 

them with a personal assessment NOl all subjects belonged to one of these categories, 

but in general terms the categories describe a majority of participants. In each case, the 

motivating factor to participate in this research was one that suggests both categories of 

subjects were motivated to do well. It could be argued that even those who were 

motivated more by payment fer subject participation, rather than any personal or political 

concerns about cannabis, would nevertheless be unlikely to perfo1m in such a way as to 

jeopardise the future availability of their drug of choice by providing evidence that 

cannabis may indeed be hannful. 

Some might wish to argue that the ERP findings of this thesis do not necessarily 

indicate a cognitive deficit, merely a difference. This hypothesis is not sustained by the 

performance data which indicate generally slower reaction times, lower correct hit rates 

and a greater number of e1101s of commission in cannabis users and ex-users compared 

to controls. Thus, the ERP pattern must be inte1preted as reflecting a less efficient mode 

of information processing. Nor is the hypothesis sustained by the fact that the large PN 

to irrelevant pitch stimuli was partially reversible after abstinence. 
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As discussed in Chapter 9, it may be that cannabis acts to broaden the attentional 

"spotlight" to include in-elevant stimuli that share some of the attributes of the relevant 

attended stimuli (Woods, 1989). Whether it is a direct neurophysiological effect of 

cannabinoids or whether it reflects the adoption of different strategies in performing the 

task, influenced by the intoxicating effects of cannabis, is a question for future research. 

Even if the large PN to pitch in-elevant tones is a consequence of a strategy difference 

between groups, it is still a less than optimal strategy to use for the cannabis users. The 

processing of in-elevant infm,,aation, reflecting perhaps a wider distribution of attentional 

resources, need not necessarily be disruptive; it does not appear to be detrimental in high 

IQ nonuser controls. If the large PN to in-elevant pitch stimuli reflects the adoption of 

the same strategy in both users and controls, it is a strategy which impairs perf orniance 

in the case of users and ex-users, but not in controls. It is possible also that cannabis 

use camouflages the relationships between electrophysiological measures and intellectual 

functioning and personality; this hypothesis would explain the contrasting direction of 

c011elations between ERP measures and the numerous other variables tested throughout 

this thesis, and particularly in Chapter 10; the direction of the relationships, even when 

not significant, were consistent between cannabis users and ex-users, but usually in the 

reverse direction to those found in controls. 

There is good theory to support a neurophysiological mechanism for the 

broadening of the attentional spotlight. Woods (1989) proposed that neurons in higher

order sensory association cortex have large receptive fields and that their selective 

priming would result in a broad attentional spotlight. Further, he suggested that 

attentional selection may begin in higher order association cortex and proceed, when 

necessary to narrow the focus of attention, backward "through a reafferent modulation of 

lower-order sensory cortex and koniocortex, to modulate neurons with narrower 

receptive fields" (Woods, 1989, p.202). It is possible that cannabinoid receptors reside 

along the pathways involved in the nanowing of the attentional spotlight, and that 
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cumulative exposure to cannabinoids disrupts these mechanisms. These hypotheses are 

highly speculative, but nevenheless worthy of further research. 

The results of this thesis are also in accord with the EEG findings of Struve and 

colleagues (eg. 1993) and the neuropsychological test results of Leavitt and colleagues 

(1991; 1992; 1993), discussed in Chapter 5. While the alterations in EEG observed by 

Struve et al are difficult to inte1pret, they were nevertheless progressive with the duration 

of cannabis use, as were the neuropsychological impairments. The interpretation of the 

ERP data in this thesis is entirely consistent with Leavitt's conclusions from 

neuropsychological test results that: 

1) while basic attentional processes appear to be intact, long ter1n cannabis users 

are less efficient when performing complex cognitive tasks or attempting to resist 

distraction; 

2) long te1m users' ability to efficiently process information declines more rapidly 

under a moderate cognitive load compared with short duration users or controls; and 

3) long term users show increased susceptibility to interference, consistent with 

difficulty in resisting distraction. 

Struve's group suggested that the quantitative EEG changes they observed in 

association with increases in cumulative exposure to cannabis may reflect organic 

change. In Chapter 8 of this thesis it was suggested that there may be gradual changes 

occurring in the brain, possibly at the cannabinoid receptor site. The precise nature of 

such changes is beyond the scope of this thesis, although one mechanism known to 

occur with long term exposure to a number of drugs is that of receptor down-regulation. 

Animal research has not demonstrated this phenomenon to be irreversible (see Chapter 

4). The results of the study of ex-cannabis users (Chapter 9) lend further support to the 

hypothesis that any long term changes associated with chronic cannabis use are likely to 

be reversible, although perhaps not entirely reversible or at least not for everyone. 
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Rather than proposing a mechanism for gradual changes to occur in the brain (as 

they may not at all, given the rapid pattial recovery suggested by the ex-users' data) , 

what was proposed instead in Chapter 8 was the involvement of anandaroide. Naturally, 

as an endogenous cannabinoid-like substance in the brain, anandaroide would be 

involved in the interactions between ingested cannabinoids, and the cannabinoid 

receptors and pathways. But what this thesis proposes is that anandaroide may itself 

play a role in the modulation of attention. As a newly discovered neurotransmitter, there 

is much speculation about its role in the nervous system. 

The distribution of receptors in the brain, as discussed in Chapter 2, provides clues 

as to the various functions in which ait8J'ldamide may be involved. It is likely that it 

plays some role in movement or motor control (Mechoulam, 1993), and as proposed 

here, in the modulation of attention. The cerebellum in particular, traditionally viewed as 

being responsible for motor control, has recently be-en shown to play a role in selective 

attention, and particularly in switching attention (Akshoomoff and Courchesne, 1992). 

The globus pallidus and anterior cingulate cortex, both rich in cannabinoid receptors, 

have be-en shown to respectively be activated under selective and divided attention 

(Corbetta et al, 1991). Just as there are times when it is essential to focus attention and 

concentrate solely on the wk at hand, there are other times when it is important to be 

able to divide attention and monitor a number of sources of information (eg. in the work 

of flight controllers or in miving a motor vehicle). It is not unreasonable to presume that 

the switching of attentional requirements may be regulated by neurotransmitter systems, 

and that anandamide may well perf01m such a function. It is possible that ingestion of 

cannabinoids over a long term period displaces or modifies the norttaal functioning of 

arulfldamide, resulting in dysfunction in attentional processes with wider distribution of 

resources over irrelevant sources of information, as opposed to the selective and 

focussed attention required in tasks such as that utilised in the course of studies 
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comprising this thesis. 

With increasing evidence that impairments usociated with long term use of 

cannabis may reflect dysfunction of the frontal lobes, further measures of strategy 

formation, self-monitoring and cognitive flexibility might be included in future research 

and the data examined in relation to ERP indices of selective attention and to levels of 

cannabis use. Until such research is conducted, the evidence that attentional processing 

is progressively impaired as a function of cumulative exposure to cannabis remains 

convincing, although the mechanism behind such a relationship has not been elucidated. 

11.3 Implications for long term cannabis users 

It must be emphasised that the findings of this thesis do not imply that cannabis 

causes "brain damage". There is no evidence in humans that chronic cannabis use leads 

to structural brain damage. Further, the weight of evidence suggests that the long term 

use of cannabis does not result in any severe or grossly debilitating impairment of 

cognitive function. Nonetheless, there is sufficient clinical and experimental evidence, 

including the findings of this thesis, which suggests that long te1m use of cannabis leads 

to cognitive impairments that are more subtle in nature. Impairments appear to be 

specific to various aspects of attention, memory, and the organization and integration of 

complex information. While these impairments may be subtle, they could potentially 

affect functioning in daily life. The evidence suggests that increuing duration of use 

leads to progressively greater impairment To what extent such impairment recovers 

with abstinence is uncertain, although the evidence from this thesis suggests that there is 

at least partial recovery. 

Attention underlies many cognitive functions. The ability to focus attention, ignore 
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iffelevant stimuli and efficiently process complex info1ar,arion is essential in the execution 

of many everyday wks. The consequences of the attentional impairments observed may 

be apparent in high levels of distractibility, for example when driving, operating complex 

machinery, learning in the classroom situation, and may interfere with memory function. 

The typical age range of most intense cannabis use occurs between 15 and 25 years; 

precisely the age during which educational and intellectual achievements are at their most 

crucial stage, and emotional and matmational development is coming to fruition. 

Use of cannabis 3 times per week or more frequently, probably results in a state of 

chronic intoxication due to the accumulation of cannabinoids. This would result in a 

general slowing of information piocessing with sluggish mental performance in a variety 

of tasks. Not only would scholastic aptitude be adversely affected by such a state, but 

also the integration of thoughts and experiences so crucial to personal development may 

be disrupted. Continued use at or above these levels may lead to the experience of high 

levels of anxiety, and greater signs and symptoms of psychological distress or overt 

psychopathological symptomatology, such as paranoid ideation, depression and 

hostility. 

If the use of cannabis is prolonged, for more than three years for example, the user 

may incur gradual long tetm changes in brain function. In particular, the ability to focus 

attention and ignore iffelevant information may be progressively impaired. Some users 

may become aware of this impairment, primarily in the fo1m of memory problems, 

others may be aware of general decline in cognitive abilities but unable to specify where 

the problem lies, while others may be totally unaware of any such impairment 

Nevertheless, it is likely that their general level of perf 011 oance abilities will be below 

that of their optimum level of functioning. 
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If the user continues to use cannabis for many years and then decides to cut down 

or cease using, it is likely that their mental proficiency will improve somewhat, and 

probably noticeably so, but not entirely. Partial impairment in attentional processes is 

likely to remain, regardless of the duration of abstinence. However, as with all of the 

above implications, these predictions are not hard and fast There clearly are individual 

differences in response to cannabis; cenain individuals may be more predisposed to 

adverse cognitive consequences and there has been insufficient research devoted to 

examining such predispositions. The research of this thesis suggests that younger users 

may be more likely to improve upon abstinence, and users of lower IQ may also be more 

wlnerable to adverse cognitive consequences. 

In general, the message to cannabis users is one of common sense, applicable to 

almost all substances: experimental use or use in moderation is unlikely to lead to 

problems in most individuals, but prolonged or excessive use can result in adverse 

physical, psychological and cognitive consequences. Users should be advised that use 

of three times per week or more often for even a shon period of time, or use of five 

years or more at the level of even once per month, may each lead to compromised ability 

to function to their full mental capacity, and could possibly result in lasting impairments. 

It is imponant to present such info,n,ation to the user in an infmmed and realistic manner 

to avoid the misperception of yet more sensationalised anti-drug propaganda. 

Until better measures have been developed to investigate the subtleties of 

dysfunction produced by chronic cannabis use, cannabis may be viewed as posing a 

lower level threat to cognitive function than other psychoactive substances such as 

alcohol. Nevertheless, the fact remains that in spite of its illegal status, use of cannabis 

is widespread. We therefcre have a continuing responsibility to minimise drug-related 

harm by identifying potential risks, subtle though they may be, and communicating the 

necessary inf onnation to the community. 
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11.4 General discussion and conclusion 

Previous reviewers have generally concluded that there is insufficient evidence to 

conclude that cannabis produces any long tetm cognitive deficits (eg. Wert and Raulin, 

1986a; 1986b ). This is probably a reasonable conclusion when gross deficits are 

considered. However, the findings of this thesis, together with other recent, more 

methodologically rig<rous resean:h, provide evidence for complex but subtle cognitive 

impairments which appear to increase with duration of cannabis use. There is evidence 

that impainnent on some neuropsychological tests may become apparent only after 10 to 

15 years of use (Leavitt et al, 1993). But as demonstrated in this thesis, very sensitive 

measures of brain function are capable of detecting specific impainnents after 5 years of 

use and users of only 3-4 years showed early signs of impairment 

lmpainnents appear to be specific to higher cognitive functions, which include the 

organimtion and integration of complex information involving various mechanisms of 

attention and memory processes. 1be similarity between the kinds of subtle impairments 

associated with long tenn cannabis use and with frontal lobe dysfunction is becoming 

more apparent (eg. short tenn memory deficits, increased susceptibility to interference, 

lack of impairment on general tests of intelligence or IQ). Frontal lobe function is 

difficult to measure as indicated by the fact that patients with known frontal lobe lesions 

do not differ from controls on a variety of neuropsychological tests (Stuss, 1991). 

Thus, the difficulty of assessing frontal lobe functions is not unique to research into the 

long term effects of cannabis. 

One of the functions of the frontal lobes is the temporal organization of behaviour, 

a key process in efficient memory function, self-awareness and planning. The frontal 
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lobe hypothesis of impairments due to long term use of cannabis is consistent with the 

altered perception of time demonstrated in cannabis users (eg. Webb et al, 1992; 1993) 

and with cerebral blood flow studies which demonstrate greatest alterations in the region 

of the frontal lobes (Mathew and Wilson, 1992). The studies reported in this thesis also 

found electrophysiological evidence of altered brain functioning in the region of the 

frontal lobes. The ability to selectively attend to one source of information while actively 

rejecting another is also a function attributed to the frontal lobes. The frontal lobes are 

imponant in organising, manipulating and integrating a variety of information, and in 

structuring and segregating events in memory. Funher research incorporating better 

measures of frontal lobe function in long telm cannabis users is clearly indicated. 

The equivocaJ results of previous studies of cognitive functioning in long term 

cannabis users appear to be due primarily to poor methodology and insensitive test 

measures. Wert and Raulin (1986b) had rejected the possibility that tests used 

previously were not sensitive enough to detect impairments, on the grounds that the 

same tests had demonstrated impairment in alcoholics and heavy social drinkers. 

However, the cognitive deficits produced by chronic alcohol consumption may be very 

different to those produced by cannabis. The mechanisms of action of the two 

substances are different with cannabis acting on its own specific receptor. As 

demonstrated in experiment three, the attentional impairment evidenced by increased PN 

to irrelevant stimuli in long term cannabis users was not related to their alcohol 

consumption. Thus not only have tests used previously not been sensitive enough, they 

have probably not been specific enough to detect impairments peculiar to cannabis. 

Furthe1more, tests may have been selected inappropriately because they were 

previously shown to be affected by acute intoxication, when the consequences of chronic 

use may be very different Block and colleagues (Block, Farinpour and Braverman, 

1992; Block and Ghoneim, in press) showed reasonable, albeit imperfect agreement 
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between acute and chronic effects of cannabis on cognition and the authors emphasized 

that such effects can be markedly different. The patterns of cognitive deficit associated 

with long tenn cannabis use have still not been entirely characterised. A priority for 

future research would be the identification of mecltanisms of impairment with greater 

specificity, perhaps by making direct comparisons with the acute effects of cannabis and 

the long term effects of alcohol and a variety of other substances. 

The research described in this thesis has ainral at identifying specific cannabis 

effects by using strict exclusion criteria and matching control groups on numerous 

variables to ensure that any deficits observed are attributable to cannabis. Nevertheless, 

interactions between the effects of long term cannabis use concurrently with other 

substances need to be further explored, particularly since many regular cannabis users 

also use alcohol and other substances to a greater dcgtec than the rest of the population, 

and the cumulative effects of polydrug use may be additive. Further, subjects have 

tended to be excluded if they have had a history of childhood illness, learning 

disabilities, brain tnuima or other neurological or psychiatric illness. The effects of long 

tenn cannabis use on such individuals may be wonhy of further investigation, especially 

as evidence suggests that such individuals are more likely to use cannabis (Hall, Solowij 

and Lemon, 1994). 

When comparisons are made between groups of users versus non users, 

differences may not always reach statistical significance due to large individual 

variability, particularly when small sample sizes are used. Carlin ( 1986) proposed that 

"studies that rely upon analysis of central tendency are likely to overlook impairment by 

averaging away the differences aDY>ng subjects who have very different patterns of 

disability". Individual differences in vulnerability to the acute effects of cannabis are 

well recognised and are likely to be a factor in determining susceptibility to a variety of 

cognitive dysfunctions associated with prolonged use of cannabis. 
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Cognitive deficits may not be an inevitable consequence of cannabis use. The long 

term effects of cannabis on healthy individuals may differ from those in individuals with 

co-existing mental illness or pre-existing cognitive impairments. As a clinical example, 

cannabis may trigger psychotic episodes in those already predisposed to psychiatric 

disturbances. On the other hand, some individuals appear to function no1n1ally even in 

high ranking professions despite their long term use. To what extent their mental 

proficiency would i11,prove funher if possible subtle cognitive deficits were resolved by 

discontinuing cannabis use is unknown. Wen and Raulin (1986b) suggested that some 

individuals may adapt and overcome some f 01ms of cognitive impairment by a process 

of relearning: ''it is well known that a chronic or slow-developing lesion will often be 

masked by the adaptation of the patient to the deficits produced by the lesion''. 

There has been very little research designed specifically to identify individual 

differences, predispositions or susceptibilities to the adverse effects of cannabis. A 

predisposition may be due to structural, biochemical or psychological factors, or as Wert 

and Raulin suggested, to lack of the "cerebral reserve that most of us call on when we 

experience mild cerebral damage", for elf:ample, after a night of heavy drinking. They 

propose that "that functional reserve can mask very real cerebral damage". Wert and 

Raulin suggested that prospective studies are the ideal way to identify those subjects who 

show real impairment in functioning by comparing pre- and post- cannabis perfo1ai,ance 

scores. However, even in a retrospective design it is possible to retrospectively compare 

the characteristics of subjects who show impairment with those who do not, thereby 

identifying possible risk factors. Insufficient consideration has been given to gender, 

age, IQ and personality differences in the long term consequences of cannabis use. 

Gender differences may be important given that such differences have become apparent 

in differential responses to alcohol. 
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Virtually all of the studies investigating cognitive functioning in long term cannabis 

users have been retrospective studies of naturally occurring groups (users vs. nonusers). 

Although the matching of control groups has become more stringent, and attempts to 

obtain estimates of premorbid functioning have increased, prospective studies where 

each subject is used as his/her own control would eliminate the possibility of cannabis 

users having demonstrated poorer petf01a1aance before commencing their use of 

cannabis. A longitudinal study in which several cohorts at risk for drug abuse are 

followed over time would cenainly be an excellent, if expensive, approach to assessing 

the detrimental effects of long term cannabis use on cognition and behaviour. 

Recommendations that prospective studies be carried out using measures of greater 

sensitivity and specificity have been made in aJmo~t every review of the topic since the 

early 1970s. Unfortunately, actual research has been slow to adopt this design and 

incorporate such measures. 

Carlin (1986) has suggested as an alternate approach, namely, that a "meta

analysis" be conducted of the studies to date. Such an analysis would "estimate effect 

si~ in order to cumulate research findings across studies", perhaps allowing the 

apparently conflicting findings of the studies to be a reconciled. The adequacy of control 

groups, entry criteria, health factors and other possible contaminating variables could be 

coded and entered into the analysis. He states that "an overall determination can be made 

of the extent of the relationship between consumption of a substance and measures of 

impairment which is relatively independent of traditional statistical significance". Such 

an analysis would be of particular importance if the impact of the drug on 

neuropsychological function is modest, as is likely to be the case with cannabis. A 

mode~t or even small effect size may have major public health implications. To date, no 

such research has been applied to the cannabis literature, perhaps because of the limited 

number of studies, and the absence of similar methodology and outcome measures may 

preclude the application of a meta-analytic approach. Nevertheless, the substantial 
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advances have been made in recent years justify the continuation of retrospective studies. 

Future research should adhere to rigorous methodology. This should include the 

use of the best available techniques of detecting the presence of cannabinoids in the body 

to provide greater precision in the investigation of the influence of length of abstinence 

on perf onnance. This would permit a distinction to be made between those impairments 

which are residual, and likely to resolve with abstinence over time, from those of a more 

enduring or chronic nature, which would be associated with the duration of use. The 

research of this thesis has identified cognitive impairments that are associated with 

cumulative exposure to cannabis and has demonstrated evidence of partial reversibility of 

these impairments with cessation of use. It is therefore a priority to investigate further 

the recovery of function following cessation of cannabis use. 

There is clearly a need to examine the time course of improvement in cognitive 

functioning and its association with the elimination of accumulated cannabinoids from 

the body. Subjects should be monitored before and for up to 3 months after stopping 

regular, long term cannabis use. A sttong association would provide evidence that 

cognitive impairments are due to the chronic state of intoxication produced by 

accumulated cannabinoids. If the association proved to be weak, the possibility of more 

lasting changes in brain function should be explored funher. 

The existence of a naturally occmring cannabinoid in the human brain 

(anandamide) signifies that this substance plays some role in our nonnal functioning. It 

has been suggested that anaJ1darnide may play a role in movement or motor control 

(Mechoulam, 1993), or as suggested in this thesis, in the modulation of attention. 

However, the neurotransmitters and peptides that govern our behaviour are fmely 

balanced and any major surplus or depletion generally results in dysfunction. With long 

term use of cannabis, prolonged or continual binding to the cannabinoid receptor may 
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alter its properties. There is a need to elucidate these physiological mechanisms and the 

interactions between ingested cannabis, anandamide and the cannabinoid receptor. 

The parameters of drug use require careful scrutiny in terms of evaluating how 

much cannabis must be smoked and for how long before impairments are manifest in 

what kinds of individuals. One of the problems in assessing the cannabis literature is the 

arbitrariness with which various groups of users have been described as "heavy", 

"moderate" or "light", "long term", or "shon term". Is a light user someone who uses 

once, twice or ten times per month? Is a heavy user one who uses daily or at least 10 

times per day? 

The use of very sensitive measares of cognitive function, such as event-related 

potential measures, is impcrtant for the detection of early signs of impairment which may 

permit a harm minimisation approach to be applied to cannabis use. With funher 

research, it may be possible to specify levels of cannabis use that are "safe", "hazardous" 

and "harmful" levels from the perspective of cognitive impairment. These could be used 

in health education in the same way similar guidelines have been used in advising people 

about safe levels of alcohol consumption. 

Given the growing prevalence of cannabis use, and proposals to reduce legal 

restrictions on cannabis use, it is essential that research into cognitive functioning of long 

term cannabis users continues. According to American survey data (Deahl, 1991), more 

than 29 million people in the United States may be using cannabis, and more than 7 

million of these use on a daily basis. While there is some controversy sw1ounding the 

issue, it seems likely that the potency of cannabis has increased over the years as more 

potent strains have been developed for the black market Increased THC potency 

combined with decreased age of onset of use may result in the longer term in more 

marked cognitive impairments in larger numbers of individuals. 
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While it may be true that ''real and substantial inconsistencies in the literature have 

been magnified by those who tend to cite selected pieces of evidence in support of their 

own ideological beliefs" (Fehr and Kalant, 1983, p. 501), it is essential that "any new 

evidence implicating cannabis with persistent harmful effects is subject to critical scrutiny 

and careful replication if accusations of prejudice and moral bias are to be avoided" 

(Deahl, 1991). It appears that the onus of proof is on researchers to prove impairment 

rather than on the proponents of cannabis use to prove safety. In the case of cognitive 

impairments in young people, "safe until proven unsafe" may be a dangerous stance to 

take since cannabis, like all psychoactive substances could never be labelled entirely 

"safe". The evidence that cannabis impairs cognitive functioning whilst intoxicated and 

that cannabis smoke is damaging to the respiratory tract, for that matter (eg. Tashkin, 

1993) cannot be refuted, and there is now sufficient evidence for some long term 

cognitive effects. Funher research examining the consequences of its use in comparison 

to other substances is clearly wammted. 1be dissemination of research findings in a 

realistic and less sensational manner would provide users with the ability to make an 

informed decision about whether or not to use the drug, and if they use, how much and 

how often to use. 
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Thankyou for volunteering to participate in this project This experiment is being conducted t 
the National Drug and Alcohol Research Centte which is part of the University of New Soutl 
Wales. We are interested in examining the way that the brain processes information and 
whether long te1m use of cannabis has any effect on these processes. We are particularly 
interested in attention and memm-y function. 

The experimental session will take approximately 3 hours. You will be required to complete 
several questionnaires before proceeding with the experimental computerised tasks~ One task 
involves responding to tones presented through headphones. While you are doing the task, " 
will record the electrical activity of the brain. This involves wearing an elasticised cap with 
electrodes sewn into it. The proced11re is neither painful nor stressful. All procedures will be 
fully explained to you. H you have any questions, feel free to ask. 

The experiment requims that you comume no cannabis (marijuana), alcohol or non
prescription drugs fer 24 hours prior to the session. We also require you to bring in a urine 
sample from the night before testing and we will take another from you today. These sample~ 
will be tested for the presence of cannabis and any other drugs. If you have complied with 
these requimmcnts, please read and sign the following statement. Note that only the 
researchers who are directly involved in this study will have access to the data~ All informatic 
you provide will be treated as strictly confidential and you will not be personally identifiable i 
any way. You may expect no personal benefit from the study. However, the information 
gained from the study might be useful in helping to better understand the effects of cannabis. 

-------------------------------------------------------------------------------------------------------------
I acknowledge that I have read the above statement which explains the nature and object of th 
investigation to my satisfaction. I have been given the opportunity to ask any questions. My 
participation in this study is entirely voluntary and I may withdraw from the study at any timt 
My decision whether <r not to participate will not prejudice my future relations with the 
University in any way. I understand that I will be paid the sum of $30 which is to cover the 
costs of travel to and from the National Drug and Alcohol Research Centre. 

You are making a decision whether <r not to panicipate. Your signature indicates that you ha· 
decided to panicipate having read the information provided above. 

Name: ________________ Age: ________ _ 

Signature: Date: --------------- ---------
Signature of Investigator: ____________________ _ 
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APPENDIXB 

SCREENING AND DRUG USE QUESTIONNAIRE 

NAME: ____________________ _ 

DATE OFBIR1H: __________ _ 

GENERAL HEAL1H & EDUCATION 

1. Are you on any prescription 11;edication or receiving treatment for any medical 
condition? 

2. Have you ever been hospitalised for any condition? 

3. Have you ever had any of the following: 

Serious illnesses --------------------
Fits, convulsions or epileptic seizures ____________ _ 

Serious head injuries or periods of unconsciousness 

4. Have you ever been in treah•ent for drug or alcohol problems? 

5. Have you ever consulted a psychologist, psychiatrist or counselor or undergone 
therapy for any reason? 

6. Is there any psychiatric illness in your family? 

7. What is the highest level of education that you have completed or are currently 
completing? 

8. What is your usual occupation? _______________ _ 

9. Have you ever had any musical training? What kind? ________ _ 
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Now I would like to ask you some questions about your drug and alcohol use. 

ALCOHOL 

1. Do you drink alcohol? __________________ _ 

2. On how ma"y days would you drink alcohol in a typical week? 

3. On a day when you drink, how many drinks would you have (per occasion)? 

4. How long have you been drinking at that level? __________ _ 

5. Has there ever been a period in your life when you drank much more heavily? 

6. When did you have your last drink of alcohol? How much did you drink? 

7. How much did you drink last week? (go through each day of the week). Was this 
a typical week in terms of drinking habits? 

Selection criteria: Males: Preferably no more than 42 drinks / week on average 
Females: Preferably no m<rc than 28 drinks / week on average 
(No significant history of heavy consumption of alcohol, never been in treatment 
for alcohol dependence) 
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OTHERDRUGS 

Do you or have you ever used any of the following substances? 
H so, how frequently, and when was the last time you used each particular substance. 

DRUG 

Tobacco 

Amphetamines 

Cocaine 

Barbiturates (downers) 

Tranquilizers 

QUANTITY/FREQUENCY LAST USE 

LSD, Mushrooms, Ecstasy __________________ _ 

Opiates (heroin, methadone) _________________ _ 

Inhalents (amyl, aerosols) __________________ _ 

Anything else? 

Have you ever had any problems usociated with the use of any of these drugs? 
eg. been arrested, involved in a car accident, felt you were dependent, etc. 

Selection criteria: Reject anyone with a history of use ;? 1 / month or use in the month 
prior to testing. 
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(CONTROLS ONLY) 

1. Have you ever tried marijuana? _______________ _ 

2. Have you ever used marijuana on a regular basis? 

3. When wu the last time you used marijuana? 

4. How many times have you had marijuana in total, over what time period? 

Selection criteria: Reject anyone who has used cannabis recently or more often than 
once/year. 

(USERS ONLY) 

Now I'd like to ask you some detailed questions about your use of cannabis. 

1. How old were you when you first tried marijuana? _________ _ 

2. How old we~ you when you fll'St started using regularly? _______ _ 

3. How often are you currently smoking marijuana? eg.many days would you smoke 
martjuana in a typical month? 

4. What do you usually smoke? ie, leaf, heads, hash? _________ _ 

5. How would you rate the strength of the marijuana you usually smoke on a scale 
from 0 (mild) to 10 (strong)? ______________ _ 

6. Do you mix your marijuana with tobacco? ___________ _ 

7. Do you smoke joints, bongs or pipes? _____________ _ 

8. How many would you smoke in a typical session? _________ _ 

9. On a day when you are smoking marijuana, how many sessions would you have? 
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10. On a scale iiun Oto 10, where O = totally straight, and 10 = the most stoned 
you've ever been, what level of intoxication do you usually like to reach? __ _ 

11. How long have you been smoking at this level? __________ _ 

12. Has your pattern of use changed over time? ____________ _ 

13. Has there ever been a period in your life when you smoked much more heavily? 

14. Have you ever used on a daily basis? When was the last time you were using on a 
daily basis and how long for? 

15. Altogether, if you added up every month that you have ever used DAILY, for 
about how much of your life would you estimate that you have used daily or 
almost daily? eg. < 3 months, 3-9 months, 1 year, 2-3 years, 5-9 years, >10 
years. 

16. Have you ever felt dependent on cannabis? How would you define that? 

17. Have you ever had any problems associated with your use of cannabis? (eg. 
arrests, problems with concentration or memory, etc, anything) 

18. In the last tluce years, what is the longest period you've gone without marijuana? 

19. When did you have your last smoke? How much did you smoke at that time? 

20. How much did you smoke last week? Was this a typical week in terms of 
mari.juana use? (If not last week, think back to the last time you smoked) 
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EFFECTS OF CANNABIS 

1 . Sometimes the effects you experience when you take drugs are the ones you want; 
sometimes they are not. Sometimes drugs improve things for you; sometimes they 
make matters worse. This section asks about the shon-term effects you get just 
after smoking marijuana. Tick one answer for each question. 

1be SHORT-1ERM <X" i11u1;ooiate effects of marijuana on your: 

Ability to think clearly 

Excitement and 
enthusiasm for life 

Enjoyment of sex 

Ability to relax 

Driving ability 

Usually 
made 
better 

Usually 
made 
worse 

Sometime$ 
better 

sometimes 
worse 

Usually 
no effect 

2. Using marijuana sometimes leads to changes in people's lives. For each question 
listed below, indicate whether you think marijuana has improved, impaired or had 
no effect on your life. What we are asking about here are long term effects, not the 
effecu you experience just after taking the drug. 

1be I.ONG-TERM effect of marijuana on your: 

Ability to think clearly 

Ability to cope and solve life's problems 

Physical health 

General self confidence 

Ability to concentrate on complex tasks 

Work perfo•••l8nce (studies) 

Ability to communicate 

Relations with employers / seniors 

Mell10I)' 

General co-ordination 

General level of energy 

Excitement and enthusiasm f<X" life 

l11 q>r0'1ed Impaired No effect 
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3. Why do you like to smoke marijuana? 

4. 

5. Have you ever made a conscious decision to stop smoking? If so, for what 

reasons, and how long did you give up for? Why did you start again? 

CASST (Hannifm, 1987) 

1. Have people close to you complained about your cannabis use? YIN 

2. Do you have problems with sh<rt te1m memory? Y I N 

3. Have you ever experienced paranoid episodes following cannabis use? YIN 

4. Do you find it difficult to get through a day without a joint? Y I N 

5. Do you lack the energy to get things done in the way you used to? YIN 

6. Do you ever wo11y about the effects of your cannabis use? YIN 

7. Do you have noe difficulty in understanding new infon,,ation? YIN 

(eg. difficulty in studying) 

8. Have you ever unsuccessfully attempted to cut down or stop your 

cannabis use? 

9. Do you like to get stoned in the morning? 

10. Are you spending more and noe time stoned? 

11. Do you experience cravings, headaches, irritability or difficulty in 

concentration when you cut down or cease cannabis use? 

YIN 

YIN 

YIN 

YIN 
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