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ORIGINAL ARTICLE

Cognitive Correlates of Long-term Cannabis Use

in Costa Rican Men

Jack M. Fletcher, PhD; J. Bryan Page, PhD; David J. Francis, PhD; Kimberly Copeland, MA;
Mary J. Naus, PhD; Chester M. Davis, PhD; Robin Morris, PhD; Dina Krauskopf, MA; Paul Satz, PhD

Background: Cognitive correlates of long-term canna-
bis use have been elusive. We tested the hypothesis that
long-term cannabis use is associated with deficits in short-
term memory, working memory, and attention in a lit-
erate, westernized culture (Costa Rica) in which the ef-
fects of cannabis use can be isolated.

Methods: Two cohorts of long-term cannabis users and
nonusers were studied. Within each cohort, users and
nonusers were comparable in age and socioeconomic sta-
tus. Polydrug users and users who tested positive for the
use of cannabis at the time of cognitive assessment after
a 72-hour abstention period were excluded. The older
cohort (whose age was ~45 years) had consumed can-
nabis for an average of 34 years, and comprised 17 users
and 30 nonusers, who had been recruited in San José,
Costa Rica, and had been observed since 1973. The
younger cohort (whose age was ~28 years) had con-

sumed cannabis for an average of 8 years, and com-
prised 37 users and 49 nonusers. Short-term memory,
working memory, and attentional skills were measured
in each subject.

Resvults: Older long-term users performed worse than
older nonusers on 2 short-term memory tests involving
learning lists of words. In addition, older long-term us-
ers performed worse than older nonusers on selective and
divided attention tasks associated with working memory.
No notable differences were apparent between younger
users and nonusers.

Conclusion: Long-term cannabis use was associated with
disruption of short-term memory, working memory, and

attentional skills in older long-term cannabis users.
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term cannabis use on cognitive skills have
not been clearly demonstrated. Most stud-
ies of nonintoxicated North American us-
ers have found polydrug use and low lev-
els of chronicity among these users.>®
These studies have generated null results,
with the exception of 1 study that found
deficiencies in memory retrieval pro-
cesses.” The subjects in this study also used
drugs other than cannabis and were not as-
sayed for abstinence. Although cross-
cultural studies of Egyptian® and In-
dian®! cannabis users have been interpreted
as showing adverse cognitive effects, sam-
pling and other methodological problems
limit these studies.!"!? Cross-cultural stud-
ies that were designed better yielded mostly
null results for cognitive correlates of long-
term cannabis use.">'*

The most recent cross-cultural study
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derived from a case-control study of 41 us-
ers and 41 nonusers, who were evaluated
in San José from 1973 to 1975.1 These sub-
jects were originally matched for age, oc-
cupational status, education, marital sta-
tus, and consumption of alcohol and
tobacco. No consistent differences were
found between users and nonusers on so-
ciocultural variables other than those as-
sociated with a lifestyle involving canna-
bis use (eg, occasional imprisonment and
solitary living arrangements). The bio-
medical and neuropsychological tests
yielded uniformly null results. However,

See Subjects and Methods
on next page
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SUBJECTS AND METHODS

SUBJECTS

Data collection took place in San José during a 15-month
period beginning in January 1990. The cohort originally
studied in 1973 was the product of a street recruitment ap-
proach, where field-workers observed potential subjects in
the everyday context of their lives in the neighborhoods
of San José. Observing and informally interviewing people
in their natural habitats led to the identification of net-
works of social relations among people in the neighbor-
hoods. This allowed identification of cannabis users through
other users of cannabis and identification of nonusers from
the same neighborhoods."*

A sample of younger, shorter-term users and compa-
rable nonusers was recruited in 1990. To remain consis-
tent with the accrual of the older cohort, no new subjects
with a history or evidence of psychiatric or neurological
disorders or a history of habitual use of drugs other than
cannabis and alcohol were recruited. Specifically, no sub-
jects who had ever abused inhalants or who reported use
of cocaine or other drugs (eg, lysergic acid diethylamide,
heroin, and other opiates) more than twice in their lives
were included. Any subject with a history of treatment for
alcohol abuse, evidence of alcoholic dementia, or a his-
tory of delirium tremens was eliminated.

The study was approved by the University of Texas—
Houston Health Science Center Committee for the Pro-
tection of Human Subjects and by the Costa Rican govern-
ment. Separate consents were obtained for the cognitive
tests, the drug assays, and the interviews. Subjects were
informed that their self-reports would be discussed with
family members and friends.

Older Cohort

The 41 users and 41 nonusers in the 1973 cohort were se-
lected from a base sample of 84 long-term users and 156
nonusers. Long-term use was originally defined as the use
of cannabis 3 times weekly for at least 10 years. The user
and nonuser groups were matched in 1973 for age, sex (all
men), occupation, education, marital status, and consump-
tion of alcohol and tobacco.' In 1973, the user group had
consumed a daily average of 9.6 cannabis cigarettes (the
fundamental unit of consumption and sale) for an average
of 16.9 years, representing an average exposure to approxi-
mately 80 mg of A®-tetrahydrocannabinol daily.' For this
follow-up, we were able to identify 69 of these subjects, 56
of whom were tested for the study. Thirteen of the origi-
nal 82 subjects were unavailable for follow-up since 1985."
Sixty of the 69 remaining potential subjects were avail-
able. Of the 56 subjects who gave consent, 6 users did not
abstain for the required 72 hours and 3 users tested posi-
tive for cocaine use, leaving 30 nonusers and 17 abstain-
ing users. None of these subjects reported even experimen-
tal use of other drugs, which was verified through the social
networks. To evaluate possible selective attrition from the
original sample in 1973, participants and nonparticipants
were compared; they did not differ significantly (P>.10)
in medical status, consumption of alcohol and tobacco, chro-
nicity of cannabis use, and sociocultural variables."

At this follow-up, the user group had been consuming

cannabis for an average of 34 years (a median of 5.2 marijuana
cigarettes per day, 2-7 times weekly). Use had decreased from
the levels in the 1973 and 1985 studies because of the greater
potencyand theincreased cost of cannabis. Two users had ceased
consumption for more than 8 years prior to this study. To avoid
biasing the comparisons in favor of rejecting the null hypoth-
esis, these 2 subjects were included in the user group for the
cognitive studies but were excluded from the computations
of use. For this follow-up, the subjects remained healthy; we
observed no evidence of interim major medical problems
(eg, head injuries) that might influence the results. The com-
parability of alcohol abuse was of particular importance. Al-
cohol abuse was defined by subject acknowledgement of any
1 of the following 3 conditions: (1) drinking 4 to 5 drinks daily,
(2) experiencing “blackouts,” or (3) drinking in the morning.
Approximately two thirds of the older cohort abused alcohol
according to these criteria, but the percentages were compa-
rable between groups (Table). None of the subjects identi-
fied themselves as alcohol abusers nor did any subject or in-
formant report treatment for alcohol abuse.

Younger Cohort

The younger cohort (n=123) was identified and screened
by the same methods used to identify the older cohort for
this study. To be identified as a user, the subject had to con-
sume cannabis at least twice weekly for 5 years but for no
longer than 12 years. Of the 123 cases, a final sample of 49
nonusers and 37 abstaining users was established. Twenty-
five users tested positive for use of cannabis at the time of
testing, and 12 subjects tested positive for cocaine use; all
of these subjects were excluded from the study. The re-
maining 37 abstaining users had consumed marijuana for
an average of approximately 8 years (a median of 3.8 ciga-
rettes per day, 2-7 times weekly).

As the data in the Table indicate, users and nonusers
in both cohorts were comparable for age and intellectual
level'” (P>.10), but younger users smoked more tobacco
(F{1,183]=15.86, P<<.001), were more likely to abuse al-
cohol (x*[1,N=85]=17.80, P<.001), and had lower levels
of education (x*[2,N=85]=7.44, P<.03) vs younger non-
users. No comparisons involving the older cohort achieved
statistical significance (P>.10).

The frequency of polydrug use in the younger cohort,
as noted by the number of subjects who tested positive for
cocaine use, reflects clear differences between the younger
and older cohorts. Initiation to cannabis generally occurred
during adolescence for both cohorts but tended to be ear-
lier for the older users (=15 years) than for the younger us-
ers (=16.5 years). Drug use has greater social conse-
quences (eg, harsher legal penalties and peer rejection) in
current Costa Rican society vs the society of 1973, which is
reflected by these cohort differences. The lack of compara-
bility between the younger groups leads to the expectation
that the younger users will perform worse than the younger
nonusers on the cognitive tasks but for reasons other than
the use of cannabis. This difference would tend to mitigate
against the hypothesized pattern of results, in which differ-
ences were predicted only between the older groups.

DRUG ASSAYS

Each subject provided a urine sample to be assayed for use
of cannabis and other drugs 72 hours prior to and at the
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time of the cognitive assessment. Subjects were instructed
to abstain from the use of cannabis and other drugs for the
interval between the 2 samples. Subjects were informed that
reimbursement for participation was contingent on no evi-
dence of drug use on the second urine sample, which en-
couraged abstention.

The initial assay was a toxicological screen (EMIT
system, Syva, San José, Calif); A°-tetrahydrocannabinol
and other drugs, including cocaine, opiates, amphet-
amine, and benzodiazepines, were identified by this
screen. In addition, a semiquantitative immunoassay of
A°-tetrahydrocannabinol and its metabolites was per-
formed based on the enzyme-multiplied immunoassay
technique. Finally, A°-tetrahydrocannabinol was mea-
sured by a high-performance thin-layer chromatographic
procedure that included in situ densitometric scanning
for detection. Urine was measured by comparison with a
standard curve prepared by adding 50, 100, and 300 ng of
A°-tetrahydrocannabinol carbolic acid per milliliter to
drug-freeurine. AnysubjectwhohadaA®-tetrahydrocanna-
binol concentration greater than 80 ng/mL on the chro-
matographic test was excluded. The high-performance thin-
layer chromatographic assay is sensitive to 25 ng/mL.

As expected, A°-tetrahydrocannabinol concentra-
tions differed between the 2 assays. The average A°-
tetrahydrocannabinol concentrations 72 hours before test-
ing were variable but quite high in the user groups (older
cohort=238.5+476.3 ng/mL, younger cohort=129.1+272.5
ng/mL). The variability reflects the period and amount of
cannabis consumed in the days prior to the test, for which
the subjects received no warning. At the time of testing,
the concentrations were well below the 50-ng/mL cutoff
used to indicate positive results for cannabis use (older us-
ers=9.7%16.6 ng/mL, younger users=8.6+22.3 ng/mL).

PROCEDURES

The cognitive studies were conducted in the field office in
San José. The evaluation required 4 to 5 hours, depending
on whether the intelligence test was administered (only
to the younger cohort). Two technicians, who were
“blind” to the subjects’ identities as users or nonusers,
administered the tests in Spanish. Only the field-workers
and an office manager knew the group identity of the
subjects.

All subjects were systematically interviewed, and
self-reports were verified by asking other members of the
network about the respondent. The interviews included a
sociocultural survey of life history and social, educa-
tional, and occupational functioning and questions about
psychiatric and medical histories and drug-use patterns.
The interviews were conducted in the neighborhoods in
an open-ended fashion to encourage the respondent to
talk freely and openly with the interviewer, who took
notes and then completed a schedule outlining the vari-
ables coded for this study.

TASKS

In a series of experiments, separate components of memory
and attention were evaluated. Four memory tests were se-
lected, based on a modification of the 3-store model origi-
nally proposed by Atkinson and Shiffrin,'® and used exten-
sively in studies of acute and carryover effects of cannabis.**

A 12-trial Spanish word version of the selective reminding
task was used.” In addition, a free recall paradigm that in-
structed the subject to rehearse aloud between trials was em-
ployed.?* Three 3-trial conditions of implicit organization (ie,
unrelated/unblocked words, related/unblocked words, and
related/blocked words) for 16 words were included in this
task. A sorting task was used to evaluate free recall and con-
trol processes in short-term memory.? Finally, episodic
memory was evaluated using a task in which stories were
read to the subjects, who were asked to tell everything they
could remember about the stories immediately after the read-
ing and 90 minutes later. Probe questions were asked to sepa-
rate memory for facts and inferences.”

The 8 attention tasks evaluated preparedness, selec-
tion, and allocation components of attention based on views
of attention as a central, limited capacity that can be flex-
ibly shifted or allocated *** Preparedness was measured with
a computer-based, reaction-time procedure.” Selection was
evaluated using measures of focused and sustained atten-
tion. The focused attention tasks included 4 cancellation
tasks that required the subject to identify random and or-
ganized verbal and nonverbal stimuli under timed condi-
tions® and a visual search task that required the subject to
search 4 quadrants of 16 letters each for a target letter ap-
pearing in only 1 target.”® For sustained attention, 2 “X-A”
versions of the continuous performance test were used.?
One version had a short interstimulus interval (1 millisec-
ond}, and the other version was a vigilance paradigm be-
cause of a longer interstimulus interval {1 minute).

To measure allocation, competition paradigms based
on dual-task performance were employed.*® For each task,
the subject was asked to depress a manual finger tapper as
fast as possible for 15 (task 1) or 60 (task 2) seconds with
the right and then the left hand. The subject was then asked
to name as many objects as possible in 15 seconds from a
specific semantic category (task 1) or complete 1 trial of a
free recall memory task not previously employed (task 2).
Finally, the subject was asked to tap as fast as possible for
the specified period while simultaneously performing the
cognitive task. These divided attention tasks permit an evalu-
ation of the allocation of attentional resources by measur-
ing the reduction in performance using dual- vs single-
task conditions.” The ability to flexibly shift and allocate
attentional focus was measured with the Wisconsin Card
Sorting Test.”

STATISTICAL ANALYSIS

The data were analyzed using a multivariate approach to
repeated-measures analysis of variance with 2 between-
subject factors, group (2 levels, user and nonuser) and co-
hort (2 levels, older and younger), and 1 or 2 within-
subject factors, which represented subcomponents of a task,
the presence of multiple trials, or both. We hypothesized
that interactions of group by cohort would emerge, indi-
cating poorer performance by older users vs older nonus-
ers and no significant differences (P<<.05) between the
younger user groups. Significant group by cohort interac-
tions {(P<<.05) were evaluated by testing for group differ-
ences within cohorts. To control the level of «, the follow-
ups were adjusted using the Bonferroni inequality to control
o at a family-wise level of P=.05. We considered each task
to represent a separate experiment, so the focus was on main-
taining Type I errors at «=.05 for each task.
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Sociodemographic and Drug-Use Variables by Group
(Users and Nonusers) and Cohort (Older and Younger)
Group
Older Younger
Variable [Users Nonusers| lUse:rs Nonusers'
Age, y
Mean 4531 45.64 29.29 27.28
SD 153 1.15 1.04 0.90
Educational level, %*
Primary or less 47 63 62 33
Secondary 47 33 32 52
High school or
university 6 4 5 15
Alcohol abuse, %*
No 25 33 22 67
Yes 75 67 78 33
Tobacco use
(pack-years)*
Mean 30.43 29.89 14.41 7.80
SD 7.80 1.59 1.38 121
Full scale intelligence
quotientt
Mean 110.33 115.50 113.78 11533
SD 10.54 8.06 11.82 11.59

*P<.05 for comparison of younger users and nonusers.
1Spanish version of the Wechsler Adult Intelligence Scale.”

when restudied in 1985 and 1986, users performed worse
than nonusers on cognitive measures of short-term
memory and attention. The users also showed a decline
in the level of mental effort at work, the quality of their
occupational status, and a continued trend toward more
solitary living arrangements."

Problems interpreting these results remained. The
cognitive measures that detected poorer performance by
the users in the 1985 study were not part of the initial
assessment, and comparisons between the studies be-
gun in 1973 and 1985 yielded little evidence for dete-
rioration of cognitive skills in the users during the in-
tervening 12 years. The degree of chronicity required to
establish adverse cognitive effects also remained un-
clear. Most notably, the absence of drug assays made it
unclear whether the cognitive deficits observed in the 1985
study were attributable to the long-term use of canna-
bis, to subacute intoxication, or to carryover effects, which
are observed from approximately 24 to 72 hours after con-
sumption and which reflect the amount of time re-
quired for cannabis metabolites to fully metabolize out
of the body.*®

This investigation assessed the cognitive function-
ing of the long-term users and nonusers, who have been
observed since 1973. In addition, a second cohort
comprising younger, shorter-term users and compa-
rable nonusers was evaluated to determine whether
cognitive problems could be observed in these users.
We hypothesized that only the older long-term users
(vs comparable nonusers) would show poor perfor-
mance on cognitive tasks related to memory and atten-
tion, which could not be attributed to acute or carry-
over effects of cannabis.

O Clder Users W Younger Users

O Clder Nonusers @ Younger Nonusers
13 -|
124
114

No. of Words Recalled

T T
1-3 4-6 7-9 10-12

Trials

Figure 1. Long-term storage scores on the verbal selective reminding test
by group, cohort, and frials, indicating a poorer performance by the older
user group. Bars indicate SE.

—

MEMORY TASKS

The 2 more complex tasks involving the learning of a
list of words (verbal selective reminding and free recall)
yielded significant group by cohort interactions that
showed poorer performance by the older user groups.
These results differed from the story recall task, which,
consistent with our previous studies,'>"* did not differ-
entiate users group in either the younger or older
cohorts.

Analysis of the sorting task showed no group by co-
hort interaction, but the group by trials interaction was
significant (F[2,113]=4.17, P<.05). Analysis of the group
effect at each level of trials did not achieve the critical
level of & (P>.0167).

For the verbal selective reminding test, Figure 1
displays the significant group by cohort by trials inter-
action for the long-term storage variable (F[3,127)=3.83,
P<.01). Follow-ups of the group by trials interaction
within each cohort at the critical level of a (P<<.025) were
significant only for the older cohort (F[3,43]=3.74,
P<.018). As Figure 1 shows, older users encoded words
at a slower rate than older nonusers; no differences be-
tween groups were observed in the younger cohort. No
significant differences (P>.05) were found between the
older users and nonusers on consistent, long-term re-
trieval, although a trend of poorer performance by the
older users was apparent.

The most difficult task, free recall, also showed a
group by cohort by trials interaction (F[2,124]=4.44,
P<.01) and a group by list interaction (F[2,124]=3.63).
For the first interaction, analysis of the group by trials
interaction within cohorts was performed at P<.025. This
test was significant only for the older cohort (F
[2,40]=5.94, P<.006). Figure 2 shows that the older
users recalled words at a slower rate than the older non-
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Figure 2. Percentage of words recalled on the free recall task by group,
cohort, and trials, indicating a poorer performance by the older user
group. Bars indicate SE.

users, and no significant differences (P>.05) between the
younger groups are shown. Follow-up of the group by
list interaction (ie, no interaction with cohort) did not
meet the critical level of a.

ATTENTION TASKS

Analysis of the attention tasks showed significant group
by cohort interactions (P<<.05) on measures of selective
and divided attention; performance was always poorer
in the older user group. No effects involving group were
significant (P>.05) for the reaction time measure, vi-
sual search, continuous performance tests, or the Wis-
consin Card Sorting Test. These results suggest that dif-
ferences in the cognitive functioning of long-term cannabis
users and nonusers are most apparent on more difficult
attention tasks, which place time pressure on subjects to
respond quickly. Hence, tasks that do not manipulate sym-
bolic material (reaction time), that are self-paced (eg, con-
tinuous performance tests and the Wisconsin Card Sort-
ing Test), or that proceed for longer durations of time
(eg, the continuous performance test, the visual search,
the vigilance test, and the finger tapping—free recall test)
are not associated with cannabis use.

Group differences reflecting long-term cannabis use
were most striking for the cancellation (selective atten-
tion) and competition (allocation) tasks. For correct re-
sponses on the cancellation tasks, the group by organi-
zation (F[1,118]=8.08, P<.01) and the cohort by
organization (F[1,118]=3.78, P<.05) interactions were
significant. The 3-way interaction of group, cohort, and
organization was not significant (F[1,118]=1.25, P<<.27).
However, given the hypotheses and the significance of
- both 2-way interactions, the group by organization in-
teraction within each cohort (P<.025) was examined in
the follow-up. Figure 3 shows that the older user group
identified relatively fewer targets on the unstructured task

Figure 3. Number of correctly identified targets on the cancellation tests
by group, cohort, and organization, indicating a poorer performance by the
older user group. The magnitude of the group difference is larger for
unstructured material. Bars indicate SE.

(F[1,35]=6.03, P<.023) than the structured task
(F[L1,35]<1).

For the competition tasks, a significant 3-way in-
teraction of group, cohort, and condition (Figure 4) was
found (F[1,129]=11.68, P<<.01). Analysis of the group
by condition interaction within each cohort was signifi-
cant only for the older cohort (F[1,45]=12.21, P<<.002).
The older users showed a greater decrement in finger
tapping using the dual-task conditions vs the single-
task condition. When subjects show a decrement in per-
formance on 1 task, performance on the other task is main-
tained. We found this to be true in this study, as analysis
of the verbal retrieval data showed no effects of group
or cohort (F<1). The second competition task, which
involved a longer period of finger tapping and a free re-
call task, did not yield effects involving group.

— TN

Costa Rica was originally selected as a setting for the evalu-
ation of the effects of long-term cannabis use because long-
term, frequent users who did not use drugs other than
cannabis, alcohol, and tobacco could be identified. The
setting also provided access to nonusers who were from
similar sociodemographic backgrounds and who con-
sumed alcohol and tobacco at levels comparable with the
users. The older groups were originally matched on mul-
tiple sociodemographic and drug-use variables.!* In this
follow-up, the older users and nonusers did not engage
in polydrug use and remained comparable in their con-
sumption of alcohol and tobacco.

The results demonstrated that only the older long-
term users of cannabis performed worse on measures of
selective attention, divided attention, and short-term
memory vs comparable nonusers. The most robust ef-
fects occurred on the cancellation and competition tasks.
On the cancellation tasks, the older users consistently
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Figure 4. Speed of finger tapping on the competition task using single-
and dual-task conditions. The older user group had poorer performance
and larger differences between the single- and dual-task conditions. Bars
indicate SE.

demonstrated an inability to rapidly select relevant in-
formation, particularly on the most complex tasks, which
involved unstructured, nonverbal material. Poorer per-
formance by long-term users on cancellation tasks was
also reported in the studies conducted in Egypt® and In-
dia®"* and in our 1985 follow-up.'> When divided atten-
tion was assessed with shorter trials of finger tapping and
verbal retrieval, the ability of the older long-term user
group to perform 2 tasks simultaneously was dimin-
ished vs the older nonuser group.

On the 2 more complex short-term memory tasks,
the older user group showed more difficulty learning and
retaining information across trials. These effects were not
apparent for material that was contextually related (story
recall) or on less complex serial recall tasks (sorting). The
only North American study to use selective reminding
procedures also found poorer performance in a sample
of long-term users.’

The short-term memory deficiencies are consistent
with studies that show disruption of learning and memory
(ie, delayed-match-to-sample tasks) in rats due to acute
administration of A’-tetrahydrocannabinol.* These acute
effects are similar to those observed in rats with damage
to the hippocampus.?*? In humans, impairment on tasks
such as the selective reminding tests has been observed
in subjects who have undergone hippocampectomy for
epilepsy.* In the rat, the hippocampus is rich in canna-
binoid receptors.” Hence, the poorer performance of the
older users may reflect impairment in brain systems as-
sociated with short-term memory.

The deficiencies on the selective and divided
attention tasks may be related to deficiencies in the
working memory, a component of the memory system
providing a central source of control and allocation of
memory and attentional resources.> Working memory
is mediated by anterior regions of the brain, specifi-
cally, the prefrontal cortex.® The forebrain is also rich

in cannabinoid receptors.®® The divided attention task
is a prototypic working memory task because of the
requirement to allocate attentional resources. Al-
though the cancellation tasks could be interpreted to
represent the operation of an attention system in pos-
terior brain regions,?”?® the fact that decrements
occurred only on unstructured material is commonly
interpreted as an inability to allocate resources from
the working memory system.?** Although these paral-
lels between animal and human studies are specula-
tive, the results show impairments in 2 components of
the memory system responsible for shori-term mem-
ory that are consistent with animal studies of the brain
metabolism of A°-tetrahydrocannabinol.

This study also has several limitations. A field study
of this sort cannot have a statistical design that permits
causal inferences. The results are correlational and show
an association between long-term cannabis use and per-
formance. Despite the careful approach to sampling, it
is always possible that unmeasured factors led to the dif-
ferences between the older groups. Although no evi-
dence of selective attrition was noted, it is possible that
results would be different if all members of the original
cohort could be studied. Until recently, North Ameri-
cans typically did not use cannabis to the degree appar-
ent in these cohorts of Costa Rican users, so the results
may not generalize to other cultures. Nevertheless, the
consumption patterns are surprisingly similar to those
reported in the North American study by Block and
Ghoneim.” The tasks that yielded group differences did
not exist when the 1973 study was completed. This study
would have been strengthened with prospective evalu-
ation of these cognitive skills. It is also possible that the
associations of cognitive performance and cannabis re-
flect the use of cannabis and alcohol, tobacco, or both;
this pattern of joint use is invariably associated with can-
nabis use. Finally, the absence of differences between the
younger groups may reflect a variety of factors, includ-
ing higher educational levels, later average initial expo-
sure to cannabis, and less chronicity.

It is also apparent that the deficiencies observed in
this study and in the study by Block and Ghoneim” are
subtle. The older long-term users are largely functional
and employable, and they do not demonstrate the types
of dementia and amnesic syndromes associated with al-
cohol use of comparable magnitude. The health of the
subjects continues to be adequate over time,'® and no evi-
dence exists for the severity of health risks associated with
use of other drugs, such as alcohol. Nevertheless, the risks
of long-term use of even smaller amounts of cannabis are
likely magnified in a more technological society, par-
ticularly given the possibility of carryover effects. Cer-
tain occupations may carry particular risk because of safety
issues and effects on productivity and learning. The de-
velopment of reliable methods for quick and efficient de-
tection of cannabis use is needed. Furthermore, the find-
ings suggest a need to focus efforts on the prevention of
cannabis use through balanced educational programs for
children and their parents. It is clear that the younger
cohort and, to a lesser extent, the older cohort began to
move toward polydrug use, a pattern consistent with stud-
ies of North American subjects.>® This pattern under-
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scores the need for preventive efforts to reduce the risk
of consumption of drugs by young people.
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