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Abstract

In determining the effects of regular marihuana use on neurocognition, abilities within specific relevant cognitive domains prior to regular

drug use have not been available. The present study examined effects of current and past regular use of marihuana in subjects for whom pre-

drug performance had been ascertained in a prospective, longitudinal fashion. A total of 113 young adults, assessed since infancy, were

evaluated using neurocognitive tests for which commensurate measures were obtained prior to the initiation of marihuana smoking.

Marihuana users, determined by urinalysis and self-report, were categorized as light(b5 joints per week) and heavy (z5 joints per week)

current users and former users, the latter having used the drug regularly in the past (z1 joint per week) but not for at least 3 months. A third

of the subjects were using marihuana on a regular basis at the time of assessment with half being heavy users. Among former, regular users,

approximately half had been smoking 5 or more joints per week. Overall IQ, memory, processing speed, vocabulary, attention, and abstract

reasoning were assessed. After accounting for potentially confounding factors and pre-drug performance in the appropriate cognitive domain,

current regular heavy users did significantly worse than non-users in overall IQ, processing speed, immediate, and delayed memory. In

contrast, the former marihuana smokers did not show any cognitive impairments. It was concluded that residual marihuana effects are evident

beyond the acute intoxication period in current heavy users after taking into account pre-drug performance but similar deficits are no longer

apparent 3 months after cessation of regular use, even among former heavy using young adults.

D 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Objective reports examining the presence and nature of a

cognitive dysfunction beyond marihuana’s acute intoxica-

tion period are equivocal [33,41]. Most studies that have

examined heavy marihuana users for possible long-term

neuropsychological impairments assessed subjects after an

abstinence period of only a day or two [2,3,7,10,34,43].

Among such studies, the areas of vulnerability appear to be

memory [43], attention [10,34,43], abstract reasoning [34],

and processing speed [10]. As cannabinoid metabolites have

been identified in the urine of long-term users for weeks

following abstinence [9,11,27], a negative impact observed
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following recent use may arise from residue of cannabinoids

in the central nervous system (CNS) or may reflect

withdrawal effects. In either case, any finding may well be

temporary and reversible [5,6]. On the other hand, CNS

alterations noted in individuals abstinent for a sufficient

length of time that impairments cannot be attributed to drug

residue [41] raise the specter that the cognitive deficits may

be irreversible.

Although there is considerable consensus that gross

cognitive impairment is not evident in chronic users

compared to irregular or non-users following lengthy

abstinence periods [13,29,36,40,42], when specific cogni-

tive deficits are considered, the evidence is inconclusive. A

recent, quantitative synthesis of research examining various

neurocognitive domains found performance in the spheres

of learning and memory to be slightly negatively impacted

in former chronic users [25]. However, the authors of this
ogy 27 (2005) 231–239
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meta-analysis as well as other researchers [19,23,33,42,43]

have emphasized that the pre-drug status of individuals is

unknown and, without this knowledge, drug effects may be

attributable to some preexisting difference(s). Attempts to

deal with this issue include matching procedures on [38], or

statistically controlling for [34], a variety of non-marihuana

variables. There have also been attempts to estimate pre-

drug intellectual functioning by using standardized ability

test scores obtained in the fourth grade [2] or contemporary

measures of general cognitive functioning that are assumed

to be relatively resilient to brain damage [42]. Although

these latter approaches are an important improvement, they

beg the question of pre-drug functioning in the specific

domains of cognitive functioning that appear vulnerable to

cannabis use.

As well as better ascertainment of pre-drug cognitive

functioning [23,33,43], suggestions for improving study

designs have emphasized that comparison groups be as

similar as possible to drug-using groups [33,34,41,43] and

that a prolonged abstinence period is necessary in order to

separate drug residual effects from longer lasting neurotoxic

CNS effects [23,33]. A longitudinal, prospective design may

serve to address these concerns as such a paradigm permits

both within- and between-subject comparisons before,

during and after quitting regular marihuana use.

Recently [19], we reported such an approach investigat-

ing IQ scores before, during, and after cessation of regular

marihuana use in young adults assessed in a host of

neurocognitive measures since birth. Using the difference

in age-adjusted IQ scores obtained at ages 9–12 compared to

scores of the same individuals at 17–20, current marihuana

use had a negative effect on global IQ in subjects who were

smoking 5 or more joints a week at the time of the latter

assessment. However, what aspects within this global

measurement might have contributed to the drug effect

was not ascertained. It is important to note that although the

heavy users in this predominantly middle-class sample

experienced a decrease in IQ scores, their scores were still

above population norms and, if the preteen IQ scores were

not available, these subjects would have appeared to be

unaffected. This negative impact was not noted among users

of this amount who had stopped smoking marihuana

regularly for at least 3 months.

The objective of the present work is to determine whether

parallel findings would be observed when specific cognitive

functions such as memory, processing speed, abstract

reasoning, and attention were evaluated after adjusting for

the subjects’ pre-drug performance in each of these domains.
2. Methods

2.1. Participants

The Ottawa Prenatal Prospective Study (OPPS) was

initiated in 1978 with the primary objective of examining
the effects on offspring of soft drugs used during pregnancy.

In this predominantly middle class, low risk sample,

approximately 160 children have been administered neuro-

psychological tests yearly to age 7 and once during each of

the 9–12, 13–16, and 17–21 year intervals. The method of

recruitment of women early in their pregnancies, the

determination of their drug use [17], and a summary of

the findings for the children from birth to adolescence have

been presented elsewhere [14,15,17,18,20]. In the present

study, data from the 9–12 year testing (pre-teen) were used

as pre-drug performance measures for the 17–21 year testing

(young adult) to evaluate putative changes associated with

marihuana use, either current or discontinued.

Of the 152 subjects who have been tested between 17

and 21 years of age, 121 were available who had also been

tested at 912 years of age. After the test battery was

administered to the young adults, additional exclusions were

one subject on ritalin, one subject because of amphetamine

use, an LSD user, an uncooperative subject, three cases with

a positive urinalysis for cannabinoid metabolites coupled

with a negative self-report, and one previous regular user

who had quit for several months but began regular use a few

weeks before testing. The final sample comprised 113

subjects, 50 females and 63 males. No subjects taking

psychotropic medications or reporting drug use other than

marihuana, cigarettes, or alcohol were included in the

analyses.

None of the young adult subjects was smoking mar-

ihuana regularly at the 9–12 year testing. Of the 113

subjects, 10 had tried marihuana between 9 and 12 years: 1

from the control group and 2, 6, and 1 from the current light,

current heavy, and former user groups, respectively.

2.2. Procedures

The tests were administered in laboratories at Carleton

University in Ottawa from approximately 9 AM to 3 PM

with a supervised lunch break. The early commencement of

testing, the reported lack of marihuana use on that day, and

the observations of the assessor make it unlikely that

subjects were intoxicated during the testing session.

Marihuana measures used were the self-reported number

of joints smoked per week on a regular (at least 1 joint per

week) basis, length of time used, age of smoking onset and

the number of joints used over the subject’s lifetime. Urine

samples taken on the day of testing of the young adults were

used to confirm positive or negative self-reports of

marihuana, amphetamines, opiates, and cocaine [32]. Sub-

jects were included only if they reported no drug use other

than marihuana, cigarettes, or alcohol and had urinalysis

consistent with their self-reports.

Marihuana use was categorized into current regular

heavy marihuana smokers (z5 joints/wk; n=19), current

regular light smokers (b5 joints/wk; n=19), former regular

users (no regular use for z3 months and V2 joints in past 2

months; n=16), and a comparison group (never used
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marihuana regularly; n=59). The division into light vs.

heavy current use at 5 joints per week is consistent with

earlier reports [19]. Dividing the creatinine-normalized

urinary cannabinoid metabolite levels at the median and

examining concordance with the two group division of

current users based on self-report resulted in high con-

cordance [v2(1)=17.8 ( pb0.001)] with 84% of both self-

reported user groups falling into their corresponding

metabolite categories. The Pearson product-moment corre-

lation coefficient was 0.66 ( pb0.001) between the reported

quantity of marihuana use and the urinary cannabinoid

levels. The accepted cutoff value of 50 ng/ml cannabinoid

concentration [32] was exceeded by all subjects reporting

current heavy use.

From the test battery administered to the young adults,

only those tests with commensurate measures from the 9 to

12 year testing were analysed. These selected tests covered

the cognitive areas of overall IQ, processing speed,
Table 1

The neurocognitive composite measures and subtests administered to the young a

pre-teens, and the cognitive functions assessed

Young adult tests Commensurate pre-teen tests

Intelligence

WAIS-lll [47] WISC-lll [46]

Verbal IQ Composite Verbal IQ Composite

Verbal Comprehension Index Verbal Comprehension Index

Performance IQ Composite Performance IQ Composite

Picture Arrangement Picture Arrangement

Perceptual Organization Index Perceptual Organization Index

Picture Completion Picture Completion

Block Design Block Design

Processing Speed Index Processing Speed Index

Digit Symbol Coding Coding

Symbol Search Symbol Search

Vocabulary

Peabody Picture Vocabulary [44] Peabody Picture Vocabulary [

Memory [48]

Immediate Memory Index

Auditory Immediate Index Sentence Memory [44]

Visual Immediate Index TVPS Visual Memory [21]

General Memory Index

Auditory Delayed Index Auditory Working Memory [

Visual Delayed Index Visual/Tactile Delayed Memo

Auditory Recognition Delayed Seashore Rhythm [44]

Working Memory Index Auditory Working Memory [

Sustained attention [26]

Auditory Omissions Gordon Vigilance Task omiss

Auditory Commissions Gordon Vigilance Task comm

Visual Omissions Gordon Vigilance Task omiss

Visual Commissions Gordon Vigilance Task comm

Concept formation/abstract reasoning

Adult Category test [44]—total errors Children’s Category test [44]

WAIS=Wechsler Adult Intelligence Scale [47]; WISC=Wechsler Intelligence Scale

index tests given to young adults are derived from Wechsler Memory Scale-3rd ed

Variables of Attention (TOVA) [26].
memory, vocabulary, facets of attention, and abstracting

ability (Table 1).

2.3. Statistical analysis

For each cognitive outcome, analysis of covariance

(ANCOVA) was conducted to control for pre-drug perform-

ance and confounding variables with an a priori contrast

comparing each marihuana group (current heavy, current

light, and former) with the control group. The analyses were

repeated without control for pre-drug performance in order

to assess the importance of considering a pre-drug level of

performance.

Potential confounds considered were SES variables

(family income, parental education), maternal use of alcohol,

cigarettes, and marihuana during pregnancy, age and sex of

subject, young adult’s cigarette and alcohol use, and DSM

positive criteria for any of the following DSM-IVAxis I [1]
dults, the corresponding commensurate tests administered to the subjects as

Cognitive functions assessed

Full-Scale IQ

Verbal knowledge, reasoning, attention

Acquired knowledge, verbal reasoning

Non-verbal reasoning

Fluid reasoning, spatial processing, attentiveness

to detail, visual–motor integration

Visual organization, visual memory

Visual organization, visual–motor

Speed and accuracy of visual processing

Speed of mental visual coding, visual–motor

Speed of visual scanning and encoding

44] Vocabulary knowledge

Global immediate memory functioning

Auditory immediate memory

Visual immediate memory

Global measure of delayed memory

39] Auditory delayed memory

ry [21] Visual delayed memory

Delayed recognition memory

39] Attending, holding and processing information

ions [24] Auditory omissions in sustained attention

issions [24] Auditory commissions in sustained attention

ions [24] Visual omissions in sustained attention

issions [24] Visual commissions in sustained attention

—total errors Concept formation; non-verbal abstract reasoning

mental flexibility

for Children [46]; TVPS=Test of Visual Perceptual Skills [21]; all memory

. [48]; all attention tests given to young adults are derived from the Test o
;

f
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disorders: generalized anxiety, major depression, dysthymic

disorder, attention deficit/hyperactivity disorder, conduct

disorder, oppositional defiant disorder, alcohol dependence

and abuse. The computerized National Institute of Mental

Health Diagnostic Interview Schedule [8] was used to derive

the symptom criteria. Any potential confound that was related

to both marihuana use groups with an alpha of 0.1 and the

cognitive outcome with an alpha level of 0.05 was controlled

for in the analyses [28]. Sex by marihuana use interactions on

cognitive outcomes were examined, none was found, and

data are not presented. All analyses were conducted with

SPSS version 10.0 (SPSS Institute, Chicago, IL).
3. Results

3.1. Sample characteristics

The characteristics of the sample across levels of drug

use are described in Table 2.

Although on average, the current and former marihuana

using groups showed more positive DSM criteria than the

comparison group, the frequency of positive diagnoses for

each of the disorders considered was low. To use the

diagnostic information on non-drug disorders as a covariate,

a dichotomous measure was created whereby each subject

with one or more positive diagnoses was assigned a d1T or a
d0T if no diagnoses. Assumptions of the various analytical

procedures were met [45]. Maternal drug use values used as

covariates were log-transformed to reduce positive skewness.
Table 2

Sample characteristics [mean (standard deviation)]

Control group Current l

(N0 b5 jo

N=113 n=59 n=19

Current marihuana use (joints per week) 0.0 (0.0) 1.4 (1.

Duration of regular marihuana use (years) – 1.8 (2.

Total exposure to marihuana (joints) – 122 (130

Age beginning regular use of marihuana (years) – 15.7 (1.

Current alcohol use (drinks

during week before test)

0.3 (2.2) 2.5 (6.

Current cigarette use (cigarettes/day) 0.2 (0.7) 2.2 (3.

Age (years) 17.7 (0.7) 18.0 (1.

Sex (% female) 50.9 36.8

Any clinical DSM (%) 10.1 26.3

Family income (�$1000 Cdn) 33.0 (20.0) 28.3 (11

Parental education 2.8 (0.9) 2.7 (0.

Prenatal marihuana (joints per week) 1.5 (4.6) 1.8 (4.

Prenatal nicotine (mg nicotine/day) 7.2 (11.0) 4.2 (7.

Prenatal alcohol (mg AA/day) 0.2 (0.3) 0.2 (0.

Statistical tests were ANOVAs with an a priori comparison of marihuana group

l=current light users, h=current heavy users, and f=former users.

Parental education is coded as: 1, did not finish high school; 2, graduated from hig

degree.

For these analyses: sex was coded as 1 (male) or 2 (female); DSM was coded as
3.2. Group differences

Using four categories of marihuana use in ANCOVA, the

current heavy use group but not the former users or current

light use group differed from the comparison group in

aspects of both memory [48] and IQ [47] (Table 3). After

controlling for pre-use performance, the current heavy use

group had lower mean scores in Immediate Memory and

General (delayed) Memory as well as the Processing Speed

Index, a composite score contributing to overall IQ. In

addition, the current heavy user group was lower on Full-

Scale IQ compared to controls after the former user group

was omitted due to a factor by covariate interaction that

violated the assumption of homogeneity of regression

coefficients. Compared with the control group, the former

use group had poorer predicted adult IQ scores at the lower

preteen IQ level but elevated predicted adult IQ scores at the

higher preteen IQ level. Dividing the preteen IQ scores at 110

yielded approximately equal groups and resulted in a lack of

interaction for the lower preteen scores. However, the higher

preteen scores continued to display a significant interaction

and, with too few subjects scoring above 110, further study of

the interaction was not possible. Using the lower preteen

scores that exhibited no interaction, an ANCOVA comparing

the former use group with the control group revealed no

significant difference in young adult IQ [adjusted means

(S.E.): 104.3 (3.3) and 107.9 (1.6), respectively].

A measure of incidental learning [49], the digit symbol

task of the WAIS [47], was examined to determine if failure

to learn or remember digit/symbol combinations mediated
ight users

ints)

Current heavy users

(z5 joints)

Former users Group

comparison

n=19 n=16

2) 12.4 (9.8) 0.0 (0.0)

0) 2.6 (1.3) 2.2 (1.4)

) 1884 (2039) 2203 (3679)

7) 15.0 (1.5) 14.3 (1.3)

3) 2.1 (4.1) 3.1 (6.8) p=0.023 f vs. c

7) 9.6 (6.0) 6.2 (5.9) p=0.034 l vs. c

p=0.000 h vs. c

p=0.000 f vs. c

2) 17.8 (0.8) 17.9 (1.1)

31.6 43.8

36.8 43.7 p=0.013 h vs. c

p=0.0004 f vs. c

.9) 29.2 (12.7) 32.7 (19.0)

7) 2.0 (0.7) 2.6 (0.5) p=0.000 h vs. c

8) 8.8 (11.8) 2.1 (4.6) p=0.000 h vs. c

5) 10.0 (12.9) 8.2 (11.9)

1) 0.1 (0.1) 0.2 (0.1)

s with the control group. In the significant group comparisons: c=control,

h school; 3, graduated from college or university; 4, obtained a postgraduate

0 (no diagnosis) or 1(one or more positive diagnoses).



Table 3

Adjusted means (standard errors) of cognitive outcomes with and without controlling for pre-drug performance

Pre-drug adjustment

(Yes/No)

Control group Current light users

(N0 b5 joints)

Current heavy

users (z5 joints)

Former

users

Group

comparison

N=113 n=59 n=19 n=19 n=16

Memory—WMS [48]

Immediate Memory Yes 100.9 (1.7) 105.2 (3.0) 93.5 (3.0) 101.7 (3.3) p=0.035

Immediate Memory No 101.1 (1.7) 105.4 (3.0) 93.4 (3.0) 100.9 (3.3) p=0.028

General Memory Yes 106.0 (1.5) 109.1 (2.7) 99.8 (2.7) 104.5 (2.9) p=0.049

General Memory No 106.5 (1.6) 109.9 (2.8) 98.4 (2.8) 103.4 (3.1) p=0.015

Intelligence—WAIS [47]

Full-Scale IQ Yes 115.1 (1.1) 116.9 (1.9) 110.3 (2.0) NA p=0.041

Full-Scale IQ No 115.5 (1.4) 117.0 (2.5) 108.8 (2.6) NA p=0.030

Performance IQ Yes 114.1 (1.2) 116.1 (2.0) 108.8 (2.1) 111.5 (2.2) p=0.027

Performance IQ No 115.5 (1.5) 116.1 (2.6) 106.5 (2.6) 109.2 (2.8) p=0.003

Processing Speed Yes 111.2 (1.6) 109.2 (2.4) 101.9 (3.0) 112.1 (2.7) p=0.016

Processing Speed No 110.5 (2.0) 110.1 (3.1) 103.3 (3.9) 112.1 (3.6) –

Vocabulary

Peabody PPVT [44] Yes 111.9 (1.5) 109.4 (2.3) 106.5 (2.9) 106.3 (2.6) –

Peabody PPVT No 113.4 (2.0) 109.9 (3.1) 102.7 (3.8) 104.9 (3.5) p=0.029

Concept formation/abstract reasoning

Category Test [44]—total errors (inverse) Yes 52.4 (1.2) 54.1 (2.1) 50.6 (2.2) 50.5 (2.3) –

Category Test—total errors (inverse) No 53.6 (1.3) 54.2 (2.3) 46.6 (3.2) 49.9 (2.5) p=0.026

NA: not available due to exclusion of group (see text for explanation).

Lower scores indicate poorer performance. In all cases where statistical significance is reported, the difference is between the current heavy user and the control

groups.
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the relationship between Processing Speed and current

heavy marihuana use. After using the incidental learning

measure as an additional covariate, the previous statistically

significant relationship was retained.

After controlling for pre-drug performance, no relation-

ships were found between current marihuana use and

working memory [48], Verbal IQ [47], the Peabody Picture

Vocabulary Test (PPVT) [44], the Category Test [44], or the

TOVA attention tasks [26]. The lack of a predictive

association between marihuana use and the TOVA visual

tasks contrasts with the significant association of marihuana

use found with the visual-based Processing Speed Index.

The possible commonality of these visual measures was

examined by Pearson product-moment correlations using

the comparison group. The correlation coefficients between

each of the TOVA visual tasks and Processing Speed were

low and non-significant, indicating that these measures

assess relatively independent neurocognitive elements.

Attention in both auditory and visual modalities utilizing

the TOVA was examined with the target stimulus occurring

at high and low probability levels but examination of these

subscales revealed no differential association with current

marihuana use.

3.3. Potential influences on marihuana–outcome

relationships

Controlling for pre-drug performance resulted in changes

in statistical significance for several cognitive outcomes
(Table 3). Processing Speed Index [47] was associated with

current heavy marihuana use after, but not before, pre-drug

performance control. Conversely, both the PPVT [44] and

Category Test [44] were associated with current heavy

marihuana use before, but not after, pre-drug performance

control.

The impact of both recency of use and positive clinical

diagnosis on the relationships found between marihuana use

and cognitive variables was examined. Self-reports of

marihuana usage in each of the 7 days previous to testing,

when individually correlated with relevant outcomes, did

not reveal stronger negative associations with more recent

exposure. The role of clinical diagnosis was examined in all

analyses by removing it as a covariate and noting whether a

change in level of statistical significance resulted. In no

cases did the DSM [1] score mediate the relationship

between the outcomes and marihuana usage. Two subjects

had tried marihuana on an irregular basis before their 9–12

test date. When these two subjects were excluded from the

analyses, no changes were noted in any of the previously

statistically significant relationships.

3.4. Former users

In contrast to the current heavy marihuana users, the

former users, as a whole, did not differ from the comparison

group. This group included nine subjects who had smoked

fewer than 5 joints per week and seven subjects who had

smoked at least 5 joints per week. Both the former heavy



P.A. Fried et al. / Neurotoxicology and Teratology 27 (2005) 231–239236
users and the current heavy users smoked marihuana

regularly for the same length of time (2.8 years), but the

former user group started regular use slightly younger (14.3

years) than the current heavy users (15 years), and

consumed a total of approximately 5000 joints compared

with 2000 for the current users. The analyses were repeated

to determine if the former heavy using group was different

from the comparison group on any of the cognitive

outcomes and no significant differences were noted.
4. Discussion

The results of this study are consistent, in their broad

strokes, with much of the extant literature but important

differences and extensions exist due to both the longi-

tudinal design of the work permitting the use of pre-drug

controls and the nature of many of the outcomes assessed.

The present work is the first in which the actual domains

measured in young adult current and former users were

also evaluated prior to the subjects’ onset of regular

cannabis use.

The importance of evaluating pre-drug functioning

within specific cognitive domains is clearly evident in the

assessment of the impact of current marihuana use in the

Category Test [44] and the PPVT [44]. If the level of

performance on these tests prior to marihuana use had not

been taken into account, an inappropriate attribution of

deficits in these outcomes to current marihuana smoking

would have occurred. The value of pre-drug control is

evident not only with qualifying these previously significant

associations, but also unmasking previously non-significant

statistical relationships. For example, without pre-drug

control, no impact of current heavy marihuana use on the

Processing Speed Index [47] would have been noted.

Consistent with our earlier report [19] the IQ of current

heavy users was significantly lower than the control group.

That this observation was noted after pre-drug general

intelligence was used as a statistical control is an important

addition to the extant literature. Visual processing speed,

one of the major composite index scores contributing to the

IQ measurement, appeared to be the most vulnerable

domain. This putative impact of marihuana use on visual

processing is consistent with another study in which

cannabis-using subjects performed worse in a task requiring

the rapid scanning and identification of visual stimuli [10].

In the current report, processing speed was assessed

solely in the visual domain and this may be important. In the

one other report in which information processing was

assessed in heavy marihuana users, only the auditory

modality was examined and mixed results were noted [43]

with marihuana smokers being impaired on verbal process-

ing but not in a serial addition task. An interpretation might

be that the language information processing task utilizes

visual imagery to a greater degree than does resolution of

the mathematical problems and that deficits in visual
processing, as described above, may negatively impact on

visual imagery. This interpretation is consistent with the

observation on a word recall memory task in which a

retrieval deficit among marihuana users was restricted to

words that were easy to image visually [2]. It was speculated

by the authors that such an impairment might reflect a

slowed processing of the visual representation of the word.

One of the strongest negative associations with current

heavy regular use among the neurocognitive domains

examined was in the area of memory, both immediate and

delayed. These observations are consistent with and extend

the findings of the meta-analytic report by Grant et al. [25].

In that overview, it was concluded that a small but

statistically significant effect was associated with marihuana

use although these authors tempered their observations by

emphasizing that the pre-drug cognitive abilities of the

subjects were largely unknown. The present findings

address this valid concern.

That young adult, current heavy regular cannabis users

performed significantly worse in the areas of visual

processing and aspects of memory is congruent with the

fact that specific cannabinoid receptors, through which the

drug exerts its effect, are highly expressed in the hippo-

campus [22]. This structure plays an important role in

memory and is of considerable importance in visual–spatial

learning [31]. Thus, alterations of hippocampal function

induced by chronic marihuana [30] may underlie, at least in

part, the subtle neurocognitive changes noted in the heavy

users.

Only a limited number of reports have utilized paradigms

designed to examine attentional functions in tasks that

minimize other facets of cognitive functioning among

marihuana users. The results of these studies are incon-

sistent. For example, marihuana users in their early 20s

differed from a non-using control group in a divided

attention task failing to improve reaction time to a visual

stimulus with the presence of a preceding acoustical signal.

However, reaction time without the preceding signal and, in

a further paradigm, the ability to shift the focus of attention

were not impaired [10]. In another report that, as in the

present study, employed a continuous performance para-

digm, no association among 30–55 year olds with drug use

was reported in error rates in either a visual or auditory

continuous performance task when the subjects were

assessed 1 and 7 days after abstaining from drug use [35].

The nature of the errors considered was not specified. These

findings are consistent with those of the present work with

young adults in which errors of omission and commission

were not significantly related to marihuana use in either a

visual or auditory modality. Controlling for pre-drug

performance did not alter observations in either modality.

It is apparent that the relationship between current

marihuana use and attention is far from clear, reflecting

the multifaceted nature of this cognitive domain [10,16,35].

The failure to find an impact of regular cannabis use on the

visual continuous performance task in the present study



P.A. Fried et al. / Neurotoxicology and Teratology 27 (2005) 231–239 237
appears at odds with the impact of the drug on the various

other cognitive domains in which visual processing is a

vulnerable aspect. However, the deficits in visual informa-

tion processing are largely independent of competency in

visual attention as demonstrated both by the low correla-

tions between the visual attention task and the Processing

Speed Index in the present work as well as with Wechsler’s

report of only low to moderate correlations between several

measures of attention and the Visual Processing composite

score [49].

Cannabinoid receptor densities vary in different parts of

the brain during developmental stages and thus the age of

chronic exposure is, potentially, an important factor in

evaluating the consequences of marihuana. Researchers [42]

have speculated that adolescent users are at increased risk

for negative outcomes. Impaired reaction times in a visual

scanning task were noted among young adults if the onset of

regular use was before but not after the age of 16 [10]. As

regular use of marihuana was initiated during mid- to late-

adolescence among both the current and former users in the

present work, the possible contributing role of this age

factor should be recognized.

The observations in the present study were made when

the current heavy users were not intoxicated but typically

had smoked marihuana within the preceding day or two

and had concentrations of cannabinoid metabolites above

standard cutoff values [32] in their urine. It is unlikely

that the impairments noted were due to withdrawal [6] as

the subjects were not asked to vary their normal pattern

of marihuana consumption, as no change in the effects as

a function of recency of use was observed, and as

currently using subjects did not self-report irritation,

agitation or subjective signs of withdrawal on the clinical

questionnaire [8].

In contrast to the effects of cannabis detected within a

few days of marihuana use, neurocognitive performance

among former light and heavy users showed no significant,

negative effect across all cognitive domains examined

including those that were performed poorly by the current

users. This observation was not altered by the inclusion of

pre-drug performance. These findings among the former

users are consistent with those of Pope [35,36] in which 30–

55 year olds who had smoked marihuana at least 5000 times

and who were smoking daily at the time of entry into the

study were assessed after a 0-, 1-, 7-, and 28-day abstinence

period. Memory deficits noted in the first three testing

periods had almost completely disappeared by the 28th day.

However, recently, Pope et al. [37] upon subdividing this

sample into those who started smoking before the age of 17

and those who began at 17 or older reported that the early-

onset group exhibited poorer cognitive performance than

later-onset or control subjects after the 28-day abstinent

period, particularly in tasks involving verbal abilities. The

researchers cautioned that unmeasured pre-drug differences

may underlie the age-related findings. In another study [4],

also using a 28-day abstinent period, it was reported that
seven individuals averaging 94 joints per week scored worse

than seven users averaging 11 joints per week on a number

of memory tests as well as aspects of executive function,

psychomotor speed and manual dexterity. However, as there

was no control group or baseline measures with testing

occurring only after the 1-month abstinence, interpretation

of the deficits among the very heavy users is problematic.

Whether these differences persisted beyond this period was

not examined. In our study, lack of regular use by the former

users was validated by urinalysis for the few days before

testing and by self-report for the previous 3 months.

The absence of a negative impact among the former

heavy users in the present report is all the more striking as

they initiated their regular habits at a younger age than the

current users (14 vs. 15 years). In fact, at the time of

assessment, the total number of joints smoked in the lifetime

of the young adults was estimated to be approximately 4800

among the former heavy users in contrast to the approximate

1900 among the current heavy users. The cognitive impair-

ments among the current heavy users and the recovery of

function among the heavy, former users do not appear to

have clinical underpinnings. Although the marihuana

groups manifested a greater incidence of positive diagnosis

on the clinical outcomes examined, use of this variable as a

control did not affect the presence or absence of statistical

significance.

Within the parameters examined in the present work, the

absence of significant cognitive differences between the

former users and the control group suggests that residual

marihuana-associated deficits observed among current users

are transient phenomena and that regular, heavy use does

not produce irreversible, neurocognitive effects. However,

caution must be exercised in interpreting and generalizing

the results obtained from the former heavy users in the

present work. The average length of time of regular use by

these former smokers was, like the current users, slightly

over 2 1/2 years. This is a relatively short time and

consideration must be given to the possibility that if

marihuana had been used for a longer duration prior to

cessation, reversal of cognitive effects may not have

occurred. However, the evidence on this issue is incon-

clusive with some workers reporting an association between

life-time duration of former use and cognitive functioning

[12,40,43] while others have found no such relationship

[4,29,36].

In summary, this is the first study to use a prospective,

longitudinal approach in which domain specific pre-drug

cognitive performance levels were considered in evaluating

the effects among users and former users. Significant

consequences of heavy, current regular marihuana use were

noted among the young adults in intelligence, memory, and

speed of visual processing but this negative impact was no

longer evident among individuals who had ceased regular

smoking for 3 months. By using tests assessing specific

functioning before and after the initiation of regular

marihuana smoking, greater confidence is engendered in
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the interpretation of the drug’s effects in current and former

users.
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