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Abstract

Objective: Although cocaine use is a significant public health problem, there is relative paucity of scientific data on long-term neurocognitive conse-
quences of the exposure to the substance.

Methods: This study examined the association between crack cocaine dependence and neuropsychological performance. An extended battery of neu-
ropsychological tests was administered to 15 abstinent cocaine abusers, inpatients in abstinence for two weeks, and 15 non-drug-using control sub-
Jects matched for age, gender, education, socio-economic status, handedness and Q.

Results: The preliminary findings showed statistical significance (p<0,05) on differences of performance in attention, verbal fluency, verbal memory, vi-
sual memory, learning ability and executive functions.

Conclusions: These results represent evidences that cocaine abuse is associated with decrements in cognitive functioning, similar to cognitive disor-
ders associated to prefrontal and temporal brain impairments. Knowledge of specific cognitive deficits in cocaine abusers may be useful for designing

more effective substance abuse prevention and treatment programs.
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Introduction

Cocaine/crack abuse is associated with several physical, psy-
chiatric and social problems. It is estimated that 14 million peo-
ple over the world have used cocaine in the last decade.! In
Brazil, according to the First Home Survey on the use of Drugs,
performed at the Brazilian Center of Information on
Psychotropic Drugs (CEBRID), it was found that 7.2% of male
subjects, aged 25 to 34 years, had already used the drug? and
recent epidemiological data show that cocaine/crack use has
been rising among high school and elementary students, as
well as among patients who seek for treatment in specialized
clinics.4

Although certain neurological complications can occur in
association with the use of cocaine/crack, it seems that there is
no consensus among researchers regarding the cognitive
impairment related to the use of the drug.58 Therefore, a better
knowledge about these issues will contribute for the develop-
ment of preventive and treatment programs for cocaine/crack
dependent subjects, as they involve cognitive-behavioral
approaches.’

The objective of this study was to assess the neuropsychologi-
cal performance of cocaine/crack-dependent subjects, during
the second week of abstinence.

Sample and methods
This is a cross-sectional study, with 30 subjects, divided in two
groups, one with cocaine/crack-dependent subjects (n=15) and

the other, with normal volunteers (n=15), recruited in the com-
munity. Cocaine-dependent subjects were under specialized
treatment programs (hospitalization), at the Interdisciplinary
Group of Studies on Alcohol and Drugs (GREA), Institute of
Psychiatry of the Medical School of the University of Sdo Paulo
and at the Therapeutic Community of the APOT (Campinas, SP,
Brazil). Groups were matched by variables which could affect
the results of the neuropsychological tests: age, gender, educa-
tion, socioeconomic level and handedness. Exclusion criteria for
the study were: significant problems at birth or in the psy-
chomotor development, other DSM-IV axis | psychiatric diag-
noses (APA, 1994); use of psychiatric medication; history of head
trauma or neurological problems; medical problems which
could affect the central nervous system; learning disorder.

Subjects were referred to an initial interview, in order to
obtain the informed consent regarding the project and, after-
wards, submitted to a neuropsychological battery, and for
cocaine/crack-dependent subjects the evaluation was per-
formed in the second week of drug abstinence.

The following areas of the cognitive functioning were
assessed: attention (Trail Making Test - TMT, Stroop Color Word
Test - SCWT and - Forward Digits FD and Backward Digits — BD,
WMS-R) g memory (Logical Memory — LM - | and Il - WMS-R, Visual
Reproduction — VR - I and Il - WMS-R and Recall of the Rey-
Osterrieth Complex Figure - ROCF),8 learning (Buschke Selective
Reminding Test — BSRT),8 executive functions (Wisconsin Card
Sorting Test — WCST8 and Frontal Assessment Battery — FABS),
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visuospatial functions (Copy of the ROCF and Block Design —
WAIS-R) 8 language (Vocabulary — WAIS-R, Controlled Oral Word
Association Test — COWAT — and Boston Naming Test - BNT)8 and
intellectual functions (Vocabulary and Block Design, WAIS-R).8

Regarding the statistical analysis, comparisons between va-
riables were performed with Student t tests for independent
variables (continuous variables) or with Fisher exact test (cate-
gorical variables). Statistical significance level was a = 0.05 and
all tests were two-tailed.

Results

There were no statistically significant differences between
patients and controls regarding age, gender, education and
socioeconomic level. Cocaine/crack-dependent subjects in ave-
rage started using the drug at 18.41 years of age and the mean
time of use was 10.3 years, and patients used the substance, in
average, five days a week. Although all the subjects included in
this study had a drinking history, most patients (66.6%) drank
little or even had not ingested alcohol in the month prior to the
hospitalization.

Regarding the results of the neuropsychological tests (Table
1), the performance of cocaine/crack-dependent subjects was
significantly decreased in the FD and BD (WMS-R) tests, wich are
measures of the attention ability.

Regarding the executive functions, patients had a poorer per-
formance in the FAB and, in language functions, they produced
less words started by letters F, A and S, in the COWAT 8

In the memory functions, there was difference in the capabili-
ty of visual recovery, since patients had greater difficulty to
recall figures after 30 minutes, both in the VR Il (WMS-R) and in
the ROCF#8

Regarding verbal memory and learning, cocaine/crack-
dependent subjects had poorer scores than controls, with sta-
tistical significance (p<0.09) in the items Total Recall, Long-Term
Retrieval (LTR), Long-Term Storage (LTS), Consistent Long-Term
Retrieval (CLTR), Randomic Long-Term Retrieval (RLTR),
Reminder and Recall after 15 minutes in BSRT.8

Estimated Intellectual Quotient (IQ) in cocaine/crack-depen-
dent subjects was not statistically different from that found in
the group of normal controls (p>0.05).

Discussion

In this study, the assessment of the attention ability showed
performance differences between cocaine/crack-dependent
subjects and normal controls, what has been frequently
observed in other investigations.’0 However, after a review on
the subject, Horner® claimed that there is still no consistency
regarding the findings of attention deficits among
cocaine/crack-dependent subjects, due mainly to the different
methodologies applied and to the lack of more controlled stu-
dies. Further studies are necessary in order to verify the nature
and severity of the attention deficits associated with cocaine, as
they have a direct clinical implication in the treatment.”.10
Alterations in the capability of retaining and manipulating infor-
mation in the mind (attention and working memory), such as
those found in the FD and BD (WMS3-R) tests, are related to a
poorer retention in the treatment.!!

We detected alterations in the performance of cocaine/crack-

dependent patients in executive function tests, present in the
FABS Recent studies have observed pre-frontal alterations in
cocaine/crack-dependent subjects, associated with their deci-
sion-making deficits'2 and with the neurobiological bases of
substance dependences.!3

The results of this study revealed statistically significant diffe-
rences in the tests of phonological verbal fluency (letters F, A
and S),® showing significant deficits of verbal expression.
Although these alterations have already been observed in pre-
vious studies,'0 the issue is still unsolved in the literature, as
some researches even found a better verbal fluency in subjects
dependent on this drug.'4 The hypothesis for that is the proba-
ble flaw of these studies regarding the inclusion of outpatients,
who could be under the effect of the substance, considering
that cocaine/crack intoxication could stimulate the verbal pro-
duction of these patients.

We also found delayed visual memory deficits (after 30 mi-
nutes) in cocaine/crack-dependent patients, both in VR Il (WMS-
R) and in the ROCF Recall.8 Besides, BSRT® showed consistent
failures in the memory recovery and verbal learning of depen-
dent subjects, suggesting that these patients have problems in
the storage of new verbal information, possibly associated with
functional alterations of the frontal and temporal lobes.8
Studies have demonstrated that cocaine acts and promotes
alterations in hyppocampal regions, modifying the Long-Term
Potentiation (LTP) mechanism, involved in the process of forma-
tion of new memories.’® The decrease in the availability of
dopamine and serotonin in these areas during abstinence has
been associated with learning and memory deficits. Similar
results regarding memory and learning deficits have already
been described in the international literature,’® and they can
impair significantly the patient’s ability to incorporate strate-
gies for relapse prevention.”.10

This study was able to detect neuropsychological deficits
described in the literature, such as in the attention, language,
memory, learning, and executive functions. Despite our cautious
delineation of the inclusion and exclusion criteria of partici-
pants, the use of a matched control group and the control of
abstinence (hospitalization regime), there are limitations in this
study. First, the still relatively small size of the sample. Second,
the need of a stricter control regarding the existence of neu-
ropsychiatric symptoms which could influence the results. For
example, it is believed that the analysis of a previous diagnosis
of attention deficit hyperactivity disorder (ADHD), on each of the
participants, could provide more evidence regarding the
causality of the found alterations. Other information that should
be better investigated is the presence and severity of the
depressive and anxious symptoms in the subjects. Besides, the
cross-sectional delineation of the study prevents the prospec-
tive visualization of the found cognitive deficits and to know
whether they persist or not during the abstinence.

These data highlight the importance of performing more stu-
dies in this area, involving larger samples, a stricter control of
the variables which may influence the results, and monitored
follow-up of subjects.
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Table 1 - Performance of crack/cocaine-dependent subjects (n=15) and normal controls

(n=15) in neuropsychological tests used for the evaluation of neurocognitive functions

Crack/Cocaine

Neuroco__qnitive Neuropsychological Tests Dependent Subjects Normal p*
Functions Controls
mean (5D) mean (5D)
Atenttion Forward Digits (WMS-R) 4.0 (1.64) 6,13 (2.67) .041™
Backward Digits (WMS-R) 3.60 (1.59) 553 (2.72)  .025™
TMT-A 38.87 (18.53) 32.80(15.22) .335
T™MT-B 100.93 (45.70) 89.60 (60.10) .566
Stroop | 14.87 (4.34) 16.13 (5.73) .501
Stroop Il 20.93 (7.69) 18.87 (5.87) 415
Stroop 11l 31.07 (11.22) 27.13(10.42) 328
Executive WCST  Correct 44.07 (8.10) 44 87 (8.58) 795
Functions Errors 19,.7 (8.37) 19.00 (8.47) .830
Perseverative Errors 11.13 (5.76) 9.73 (4.93) 480
Failures to Maintain set .73 (.96) .B7(.92) 700
Categories 2.67 (1.05) 2.53 (1.13) 739
FAB 15.36 (1.65) 17.00 (1.24) .006*"
Language COWAT Animal 17.40 (5.70) 1740(5.26) >.99
Food 15.40 (4 47) 15.47 (7.15) 976
Clothes 15.00 (5.10) 15.13 (5.10) 943
Letter F 10.93 (2.69) 13.73 4.17) .037*
Letter A 9.67 (4.13) 13.47 (4.27) .020™
Letter S 9.80 (4.11) 13.53 (4.78)  .029"
BNT Correct 56.67 (1.99) 56.47 (3.07) 4186
Memory Logical Memory | (WMS-R) 22.20(6.71) 25.93 (6.50) 133
Logical Memory 1l (WMS-R) 17.07 (5.75) 21.13 (7.44) 105
Visual Reproduction | (WMS-R) 30.53 (6.86) 34.93 (7.00) .093
Visual Reproduction Il (WMS-R) 22.87 (10.21) 30.60 (10.80) .054
ROCF Recal 15.73 (6.89) 21.63 (6.06) .019"™
Memory and BSRT Total Recall 105.29 (17.29) 120.07 (13.48) .016*"
Learning LTR 94 .50 (26.81) 114.80 (15.61) .018"*
STR 11.07 (10.11) 5.93 (3.49) .075
LTS 106.36 (25.86) 12247 (9.51) .032"
CLTR 62.79 (29.58) 95.13 (29.22) .006""
RLTR 31.86 (14.06) 19.67 (14.67) .031™
REMINDER 38.43 (17.65) 2293 (13.25) .012"
Recall after 15 minutes 9.07 (3.02) 10.87 (1.25) .044"
Recognition 12.00 (.00) 12.00 (.00)
Visuospatial ROCF  Copy 31.77 (5.12) 33.50(2.38) .245
Functions Block Design (WAIS-R) 25.53 (9.36) 28.73 (13.21) 450
Intelectual Estimated 1Q (WAIS-R) 91.60 (10.53) 9947 (16.89) 137
Functions

NOTES: SD = Standard Deviation; TMT = Trail Making Test; Stroop = Stroop Color Word Test; WCST =
Wisconsin Card Soiting Test; FAB = Frontal Assessment Batfery; IQ = Intellectual Quotient; WAIS-R =
Wechsler Adult Infelligence Scale-Revised, BNT = Boston Naming Test; COWAT = Controlled Oral Word
Association Test; WMS-R = Wechsler Memory Scale-Revised; ROCF = Rey-Osterrieth Complex Figure;

Conclusions

The preliminary results of this investigation showed neurocog-
nitive impairment in cocaine/crack-dependent subjects, when
compared to normal subjects. We found alterations in attention,
verbal fluency, visual memory, verbal memory, learning ability
and executive functions. These data show evidence that cocaine
abuse is associated with significant neuropsychological
deficits, similar to those that occur in cognitive disorders, pos-
sibly related to problems in the prefrontal and temporal brain
regions. The knowledge of specific neuropsychological impai-
ments can be useful in the planning of more effective preventive
and treatment programs for cocaine/crack abuse.
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