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Abstract

Thirty codependent cocaine and alcohol users were compared with age-, education-, race-, and sex-matched cocaine
abusers (N 5 30) and normals (N 5 30) using an extended Halstead-Reitan Neuropsychological Test Battery to
determine whether cocaine abusers with alcohol dependence were more cognitively impaired than singly addicted
cocaine abusers. Tests were grouped and analyzed according to 8 major ability areas. Participants who abused both
cocaine and alcohol did not differ from normals on the majority of test measures. An unexpected but consistent
finding was the poorer performance of the cocaine sample relative to cocaine and alcohol abusers on measures of
complex psychomotor and simple motor functioning (ps , .001). Pure cocaine abusers, but not abusers of both
cocaine and alcohol, also performed more poorly than normals on a measure of global neuropsychological
functioning (p , .01). These results are consistent with previous reports of generally mild cognitive dysfunction in
cocaine abusers. The findings also suggest that cocaine and alcohol abusers of relatively young ages may be less
cognitively impaired than demographically comparable cocaine abusers. Evidence from studies of vascular
functioning in abusers of cocaine and alcohol alone and in combination is discussed as possible explanation for
these findings. (JINS, 1999,5, 10–19.)
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INTRODUCTION

Cocaine continues to be one of the most widely abused drugs
in the United States, and has been associated with serious
neuromedical complications including cerebral vasculitis
(Bostwick, 1981), stroke (Brust & Richter, 1977; Levine
et al., 1987), seizures (Lundberg et al., 1977; Wetli & Wright,
1979), and intracranial hemorrhage (Cahill et al., 1981). In
addition, alterations in cerebral blood flow and perfusion
defects associated with chronic cocaine abuse have been re-
ported in studies using PET (Volkow et al., 1988) and SPECT
scans (Holman et al., 1991).

Reports of morbidity and mortality associated with co-
caine abuse are believed to be the result of changing routes
of administration and more intensive patterns of use, includ-
ing the use of cocaine in combination with other drugs (Ad-
ams & Kozel, 1985). Treatment-seeking cocaine abusers are
frequently dependent on both cocaine and sedative hyp-

notic substances, usually alcohol (Miller et al., 1990;
Rounsaville et al., 1991). Surveys of the cocaine-abusing
population suggest that most cocaine abusers use alcohol to
alleviate the unpleasant aftereffects of a cocaine binge, pri-
marily paranoia and agitation (Abelson & Miller, 1985; Chit-
wood, 1985; Kandel et al., 1985). Coadministration of
cocaine and alcohol has also been reported to enhance the
euphoria or “high” sought from the cocaine experience, and
to ameliorate the dysphoric symptoms of acute abstinence.

Despite accruing evidence that a majority of cocaine abus-
ers simultaneously abuse alcohol, the extant research on the
neuropsychological consequences of chronic cocaine abuse
has generally examined only primary cocaine abusers or has
included heterogeneous samples of polysubstance users. The
cognitive effects of simultaneous cocaine and alcohol abuse
have not been studied systematically, although the neuro-
psychological findings in primary cocaine abusers and in
alcoholics would suggest that the combined abuse of these
drugs may significantly compromise cognitive abilities.

One of the earliest and most consistent neuropsycholog-
ical findings in recently abstinent primary cocaine abusers
has been impairments in memory and attention (Ardila
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et al., 1991; Berry et al., 1993; Herning et al., 1990; Melamed
& Bleiberg, 1986; Mittenberg & Motta, 1993; O’Malley
et al., 1992; Strickland et al., 1993; Volkow et al., 1988).

Some studies have revealed impaired performance on tests
of psychomotor speed (Berry et al., 1993), visuomotor track-
ing (Melamed & Bleiberg, 1986; Mittenberg & Motta, 1993),
cognitive flexibility (Melamed & Bleiberg, 1986; Mitten-
berg & Motta, 1993), nonverbal problem solving (O’Malley
et al., 1992), and abstracting ability (Hoff et al., 1991;
O’Malley & Gawin, 1990).

A few investigators have examined cocaine abusers who
had longer periods of abstinence. Manschreck et al. (1990)
tested 33 cocaine addicts who had been abstinent for ap-
proximately 2 months, and found impairment on a measure
of verbal memory; however, no deficits were found on other
verbal or motor tasks in comparison to a matched normal
control group. O’Malley et al. (1990) administered the
Halstead–Reitan Battery to 25 matched normal controls and
cocaine abusers who were abstinent for an average of 4
months. The cocaine abusers performed more poorly on tests
of complex psychomotor and simple motor skills, and ver-
bal memory, although comparison with available norms in-
dicated that memory test scores were in the unimpaired range.

Further evidence of neurocognitive dysfunction associ-
ated with cocaine abuse derives from studies employing more
selective cognitive assessments. Bauer (1993, 1994) and
Roberts and Bauer (1993) have studied the reaction time of
cocaine dependent subjects after 1, 3, and 12 weeks of ab-
stinence. Compared to non-drug-dependent controls, the co-
caine abusers were found to respond more slowly than
controls to auditory tones and visual and auditory discrim-
ination tasks across the 12 weeks. In addition, the cocaine
dependent individuals exhibited a mild, stable resting hand
tremor that persisted across 12 weeks of abstinence.

The cognitive deficits revealed by neuropsychological
studies of cocaine abusers appear to be comparatively mild
and more restricted than those reported for alcoholics (Grant,
1987). In their review of 15 studies of alcoholics, Parsons
and Farr (1981) reported intact verbal abilities but mild-to-
moderate impairment in the areas of abstraction–concept for-
mation, visual–spatial and tactual–spatial construction, and
visuomotor speed. Losses in both verbal and nonverbal learn-
ing have been reported in several investigations of recently
sober alcoholics (Brandt et al., 1983; Butters et al., 1977;
Cutting, 1978; Guthrie & Ailed, 1980; Miglioli et al., 1979;
Ron et al., 1980; Ryan & Butters, 1980). Impairments are
most pronounced among samples of older alcoholics with
longer histories of heavy drinking (Grant, 1987). On the other
hand, longer periods of abstinence are associated with bet-
ter cognitive functioning (Adams et al., 1980; Brandt et al.,
1983; Fabian & Parsons, 1983; Grant et al., 1979, 1984,
1985).

Chronic cocaine abuse appears to adversely affect mem-
ory, concentration, and motor functioning although the find-
ings vary across studies. The conflicting evidence likely
results from small sample sizes, limited assessment batter-
ies made up of differing test instruments, a lack of appro-

priate control groups or use of published norms instead of
matched normal control participants, different periods of ab-
stinence at time of observation, and failure to control for
other substance abuse disorders. The studies by O’Malley
and colleagues (1990, 1992) were the only ones to employ
matched normal controls, a comprehensive neuropsycho-
logical battery, and exclusion of cocaine abusers with co-
morbid or premorbid dependence on substances other than
cocaine.

In light of the magnitude of concurrent alcohol abuse by
cocaine abusers, the present study was undertaken to inves-
tigate the neuropsychological functioning of a treatment-
seeking population of chronic cocaine and alcohol abusers
compared to that of singly addicted cocaine abusers, and
normal controls matched on age, sex, race, and education.
There is an extensive literature linking coexistent alcohol
and drug dependence with poorer functioning and greater
impairment (Carroll et al., 1993). Furthermore, the com-
bined use of cocaine and alcohol induces the synthesis of
cocaethylene, a metabolite of cocaine formed in the pres-
ence of ethanol (Jatlow, 1995). Cocaethylene has been as-
sociated with increased rates of morbidity and mortality in
simultaneous cocaine and alcohol abusers relative to abus-
ers of either drug alone (Andrews, 1997). Given these find-
ings, we hypothesized that cocaine and alcohol abusers would
exhibit greater levels of impairment in neuropsychological
functioning than demographically matched abusers of co-
caine alone, who would perform more poorly than normal
controls matched on these variables.

METHODS

Research Participants

All participants in this study had English as their first lan-
guage and were educated in the United States. With regard
to racial composition, all participants were White or Afri-
can American.

Cocaine and alcohol abusers

Thirty participants who met DSM–III–R criteria for co-
caine and alcohol dependence (CA) were recruited from the
Substance Abuse Treatment Unit at Yale University School
of Medicine, New Haven, Connecticut (N 5 26) and the
Daytop residential program at Fairfield Hills Hospital, New-
town, Connecticut (N 5 4). Potential participants were ex-
cluded if they had a history of (1) DSM–III–R dependence
on drugs other than cocaine and alcohol, (2) intravenous drug
use, (3) significant head trauma, (4) significant birth or de-
velopmental problems, (5) significant learning problems, (6)
major medical disorders, (7) a major DSM–III Axis I psy-
chiatric disorder such as bipolar disorder, major depression,
or schizophrenia, or (8) current use of a prescription medi-
cation that might affect the central nervous system, includ-
ing neuroleptics, narcotics, sedative hypnotics, or lithium
carbonate.
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Participants were high intensity cocaine users who, on
average, reported using 16.8 g (SD5 17.4) of cocaine per
month over the course of 5.1 years (SD5 2.8). Seventy-
seven percent smoked cocaine freebase, and the remainder
administered cocaine intranasally. The mean number of days
between last cocaine use and the testing session was 95.8
(SD5 110.0; range5 3–355). Sixty percent of the sample
reported abstinence from cocaine for at least 30 days prior
to testing. High intensity alcohol use also characterized the
sample. Their reported average consumption was 114.4
drinks (SD5 62.9) per month over the course of 8.8 years
(SD5 4.9). The mean number of days between the last al-
cohol use and the testing session was 72.9 (SD 5 95.5;
range5 1 to 330). Fifty percent of participants claimed ab-
stinence from alcohol for 1 month or longer at the time of
testing. Eight participants reported using an average of five
drinks during the week prior to testing.

Cocaine Abusers

An age-, sex-, education-, and race-matched group of 30
cocaine abusers (C) was selected from a larger group that
participated in a previously reported study at the Yale Uni-
versity School of Medicine (O’Malley & Gawin, 1990). The
participants had been screened using the selection criteria
specified for the sample of cocaine abusers with alcohol prob-
lems, except that participants were excluded if they met
DSM–III–R criteria for alcohol abuse or dependence. These
participants reported using an average of 11.9 g (SD5 10.9)
of cocaine per month over a period of 4.1 years (SD5 2.1).
Sixty-seven percent smoked cocaine freebase, and the re-
maining 33% used cocaine intranasally. The mean number
of days between last cocaine use and the test session was
146.3 (SD5 244.9; range5 3–1095). Forty-seven percent
of this group reported abstinence from cocaine for 30 days
or longer at the time of testing. More limited data were avail-
able on the pattern of alcohol use among the pure cocaine
abusers. While no participant in this sample met DSM–
III–R criteria for alcohol abuse or dependence, participants
reported using alcohol for an average of 5.3 days (SD 5
6.3) during the month prior to testing, and a lifetime history
of alcohol use of 3.8 years (SD5 5.7). There were no data
available on the amount of recent or lifetime alcohol use
among the pure cocaine abusers. To further assess alcoholic
symptomatology across the two groups of cocaine abusers,
we compared their scores on the MacAndrew Alcoholism
Scale from the Minnesota Multiphasic Personality Inven-
tory (MMPI) (Hathaway & McKinley, 1967).

Normal controls

The normal control sample (NC) was composed of 30 in-
dividuals matched with the two foregoing groups on age,
sex, education, and race. One-half of the participants were
selected from a database of 550 normals who had been ad-
ministered neuropsychological testing in the laboratories at
the University of Colorado, University of Wisconsin, and
the University of California at San Diego (Heaton et al.,

1986). Potential participants in this group were excluded if
they reported a history of excessive alcohol use, a history
of intramuscular or intravenous drug use, use of solvents,
or use of any drug in a recreational manner for 10 or more
days in a month in the past year. Additional exclusion cri-
teria included abnormal birth or developmental history, sig-
nificant learning problems, significant head trauma, any
history of psychotic disorder, or any major medical prob-
lem or medication use that may affect the central nervous
system. Because this available sample of normals was pre-
dominantly White, 15 African-American participants were
recruited and tested for the normal control sample. These
participants were screened according to the selection crite-
ria specified for the White normal controls.

Procedures

As noted above, the majority of volunteers (N 5 75) were
recruited from the New Haven area. Potential participants
were interviewed by an examiner to assess their eligibility
for the study and to obtain informed consent. Prior to the
day of testing, a complete psychiatric history was obtained
on the two samples of cocaine users using the Schedule for
Affective Disorders and Schizophrenia (SADS; Endicott &
Spitzer, 1978). DSM–III–R criteria were used to make drug
and alcohol diagnoses. Other psychiatric diagnoses were clas-
sified using DSM–III criteria. Depressive and alcoholic
symptomatology were further assessed by the Depression
and MacAndrew Alcoholism Scales from the MMPI. Co-
caine users also completed an inventory about their pattern
of substance use, including route of administration, fre-
quency and intensity of use, and length of abstinence. Vol-
unteers who met criteria for participation in the study were
screened by self-report and urinalysis to confirm that they
had not used drugs within 72 hr prior to testing. All partici-
pants were found to be negative for alcohol use when
screened by intoximeter on the day of testing.

Fifteen participants recruited for the NC sample were
screened using the selection criteria specified for the nor-
mal sample tested at the University of Colorado, University
of Wisconsin, and University of California at San Diego.

Neuropsychological Assessment

ParticipantswereadministeredanexpandedHalstead–Reitan
Neuropsychological Test Battery (Heaton et al., 1991;
Reitan & Wolfson, 1985). In addition to the core Halstead–
Reitan tests, the battery was augmented with the Wechsler
Adult Intelligence Scale–Revised (WAIS–R; Wechsler,
1981), the Grooved Pegboard Test (Kløve, 1963), the Reitan–
Kløve Sensory Perceptual Examination (Reitan & Wolfson,
1985), a modified Aphasia Screening Test (Reitan, 1984)
and the Story and Figure Memory Tests (Heaton et al., 1991)
to provide a more comprehensive assessment of neuropsy-
chological (NP) abilities. All NP measures were adminis-
tered according to the standard instructions contained in the
various test manuals. In addition, the test examiners were
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trained in the testing procedures used to collect the norma-
tive sample at the University of Colorado, University of Wis-
consin, and University of California at San Diego to further
ensure standardized test administration across the three sam-
ples. Administration time was approximately 7 hr; partici-
pants were paid for their time.

To facilitate comparison of cognitive abilities across and
within the three groups, all the raw scores on the NP tests
were converted to age, education, and sex-correctedT scores
based on data from large normative samples (Heaton et al.,
1991, 1992). For NC participants in the published norma-
tive studyT scores were normally distributed with a mean
of 50 and a standard deviation of 10.

To facilitate presentation and interpretation of results the
NP tests were grouped according to the ability area mea-
sured by the test (Heaton et al., 1994). Eight ability areas
were assessed. The tests that contributed to the assessment
of each of these eight ability areas included the following:

1. Verbal: Aphasia Screening Test–Verbal, WAIS–R Com-
prehension, WAIS–R Information, WAIS–R Similari-
ties, and WAIS–R Vocabulary

2. Abstraction and cognitive flexibility: Category Test and
Trails B

3. Learning and incidental memory: Figure Memory Test
(Learning), Story Memory Test (Learning), Tactual Per-
formance Test–Location, and Tactual Performance Test–
Memory

4. Memory: Figure Memory (percent retention after 4-hr
delay) and Story Memory (percent retention after 4-hr
delay)

5. Attention: Rhythm Test, Speech Sounds Perception Test,
WAIS–R Arithmetic, and WAIS–R Digit Span

6. Complex perceptual–motor skills: Aphasia Screening
Test–Spatial Relations, Tactual Performance Test–total
time, Trails A, WAIS–R Block Design, WAIS–R Digit
Symbol, and WAIS–R Object Assembly

7. Motor skills: Finger Tapping Test (dominant and non-
dominant hands), Grooved Pegboard Test (dominant and
nondominant hands), and Hand Dynamometer Test (dom-
inant and nondominant hands)

8. Sensory abilities: Sensory Perceptual Examination (right
and left errors) and Tactile Form Recognition Test (right
and left times)

In addition to these eight major ability areas, we consid-
ered two standard summary NP variables from this battery:
the WAIS–R Full-Scale IQ and the Average Impairment Rat-
ing from the Halstead–Reitan Battery.A third summary score,
theglobal deficit score, was computed in order to identify
individual participants who were “impaired” on the total test
battery. To compute deficit scores, theT score on each test
was assigned a deficit rating based on the following scale:
T scores equal to or greater than 40 representedno impair-

ment (deficit score5 0); 39–35mild impairment(deficit
score5 1); 34–30mild-to-moderate impairment(deficit
score5 2); 29–25moderate impairment(deficit score5 3);
24–20moderate-to-severe impairment(deficit score5 4);
and below 20severe impairment(deficit score5 5). Deficit
scores for all of the tests were then averaged to create aglo-
bal deficit score(GDS) for the entire test protocol of each
participant. Recent neuropsychological studies using the def-
icit score approach have demonstrated its validity in detect-
ing clinically significant impairment (Heaton et al., 1994,
1995).

Statistical Analyses

The distribution of each of the continuous demographic,
substance abuse, and NP variables was examined to detect
violations of normality or homogeneity of variance. Non-
normally distributed data were transformed by using square
root, log, or reciprocal (inverse) transformations until para-
metric assumptions were met. Nonparametric statistics were
used to compare the groups on variables that were categor-
ical or ordered, and when normality and0or homogeneity
could not be achieved by transformations.

Multivariate analyses of variance were performed to com-
pare the three groups on the eight NP ability areas. If the
multivariate analysis of an ability area was statistically sig-
nificant, univariate analyses were used to compare the three
groups on the individual tests of that domain. Tukey HSD
post-hoctests were used to probe significant univariate ef-
fects. The summary scores of Full-Scale IQ and average im-
pairment rating (AIR) were also comparedvia univariate
analyses of variance, withpost-hoccomparisons when an
ANOVA was significant. Chi-square analyses were used to
examine whether the groups differed in the percentage of
participants who exhibited at least mild impairment accord-
ing to GDS.

RESULTS

Table 1 summarizes the demographic characteristics of the
three groups, and the substance use characteristics of the
cocaine abusers. There were no significant group differ-
ences on the matching variables of age, sex, race, and edu-
cation. The cocaine and alcohol abuse (CA) participants had
a lower socioeconomic status than normals (NC) and pure
cocaine abusers (C). The C and CA groups were similar in
duration and intensity of cocaine use, and in length of ab-
stinence from cocaine prior to testing. The substance abuse
groups were also comparable in the number of days that they
had used alcohol in the past month. As expected, the CA
group had a longer duration of alcohol use and higher scores
on the MacAndrew Alcoholism Scale than the pure cocaine
abusers, who scored in the nonclinical range on this mea-
sure. Cocaine and alcohol abusers also scored higher than
normal controls on the depression scale of the MMPI, al-
though all of the group means fell in the normal range of
functioning. The cocaine only group did not score signifi-
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cantly higher than normals or cocaine and alcohol abusers
on this scale.

Group comparisons on the summary measures of global
cognitive functioning are also represented in Table 1. There
were no significant group differences on the WAIS–R Full
Scale IQ, or the AIR from the Halstead–Reitan Battery. We
compared rates of global impairment for the three groups
using two different strategies. In the first, more conserva-
tive comparison a cutpoint was identified that yielded a false
positive error rate of approximately 3% within the control
group (i.e., a 2-SDcut-off ). This cut-off corresponded to a
GDS of 1.0 or greater, or an average of mild impairment
across all component test measures. When this criterion was
used, a significantly higher percentage of C participants were
impaired in comparison to the other two groups. Approxi-
mately 27% of the C group was impaired,versus6.7% and
3.3% of the CA and NC groups, respectively. A more tradi-
tional comparison in which a 1-SD cut-off (Heaton et al.,
1995) was used yielded a nonsignificant finding (p . .22)
in the same direction.

The multivariate analyses of variance revealed signifi-
cant differences among the three groups in the areas of com-
plex psychomotor skills, simple motor skills, and attention
(see Table 2). There were no significant group differences
on measures of verbal skills, abstraction and cognitive flex-
ibility, learning and incidental memory, memory, and sim-
ple sensory abilities.

Table 3 presents the results of the univariate analyses used
to follow up on significant multivariate analyses of the abil-
ity areas. In the area of complex psychomotor skills, the
two groups of substance abusers performed significantly
worse than normal controls on the Digit Symbol subtest of
the WAIS–R. C participants also scored significantly lower
than NC and CA participants on the Picture Arrangement
subtest of the WAIS–R. The average time to complete Trails
A was also poorer for the C group than for the NC group.
Finally, C participants made more errors on spatial rela-
tions than the NC group (x 2 5 11.60;df 5 2,87;p , .003),
and their meanT score of 34.7 was in the mildly-to-
moderately impaired range.

The C group also scored more poorly on some of the
measures of simple motor functioning. While NC and CA
participants exhibited normal functioning on the Hand Dy-
namometer test, the C group scored in the mildly impaired
range for grip strength of the dominant hand, and was bor-
derline normal with the nondominant hand; with both hands
the C group was significantly weaker than the other two
groups. There was also a trend (p , .06) for the C group to
take longer than the NC group to complete the grooved peg-
board with the nondominant hand.

On measures of attention, the C group made significantly
fewer errors on the Speech Sounds Perception test than the
CA group and even the NC group. There were no other dif-
ferences among the groups on the attention measures.

Table 1. Demographic, substance use, and global cognitive characteristics of participants*

Group

Variable NC C CA p Group effects

Demographics
Age 29.0 (6.7) 28.7 (5.6) 30.1 (6.0) NSa

Education 13.0 (1.5) 13.0 (1.6) 13.0 (1.9) NSa

Race, % White 43.3 43.3 43.3 NSb

Sex, % male 53.3 53.3 53.3 NSb

SESd 3.6 (1.0) 3.9 (0.8) 4.6 (0.9) .0001 CA. NC 5 C
Substance Use

Days since last used cocaine — 146.3 (244.9) 95.8 (110.0) NSc

Amount of cocaine used per month (g) — 11.9 (10.9) 16.8 (17.4) NSc

Duration of cocaine use (years) — 4.1 (2.1) 5.1 (2.8) NSc

Route of administration
Freebase (%) — 33.3 23.3 NSb

Intranasal (%) — 66.7 76.7
Duration of alcohol use (years) — 3.8 (5.7) 8.8 (4.9) .0001c

Days used alcohol past month — 5.3 (6.3) 5.4 (9.2) NSc

MAC–T score — 60.1 (16.9) 71.4 (12.5) .005a

Cognitive
Depression–T score 53.4 (10.9) 58.1 (11.7) 64.7 (11.9) .001a CA . NC
Full-Scale IQ 95.4 (17.6) 94.6 (14.6) 93.5 (11.4) NSa

Average
Impairment Rating –T score 45.1 (11.4) 41.2 (11.4) 41.2 (8.5) NSa

Global Deficit Score
% Impaired 3.3 26.7 6.7 .01b C . NC 5 CA

*Values are means (SDs) or percentages. NC5 normal control; C5 cocaine only; CA5 cocaine and alcohol.N 5 30 for each group.
aF test;bx 2; cKruskal–Wallis test;dSocioeconomic status according to Hollingshead and Redlich’s Two Factor Index of Social Position.
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DISCUSSION

The results of this study do not support the hypothesis of
greater levels of neuropsychological impairment in abusers
of cocaine and alcohol in combination than in abusers of
cocaine alone. However, the hypothesis of poorer neuropsy-
chological performance by cocaine abusers relative to nor-
mal controls was supported by the results of the global deficit
score comparisons. In addition, group mean comparisons
on individual neuropsychological tests demonstrate mild but
definite impairment in the psychomotor and simple motor
functioning of this group. An unexpected but consistent find-
ing was the poorer performance of the C group relative to
CA abusers on the majority of tests in these same ability
areas. Although differences between the CA group and nor-
mals on measures of psychomotor and simple motor func-
tioning were generally not significant, the CA participants
performed more poorly on most of these tests.

The C sample’s poorer performance on tests of psycho-
motor and simple motor ability relative to normal controls

reflects a number of specific weaknesses. The marginal per-
formance on the Grooved Pegboard and inefficient comple-
tion of Trails A observed in the present sample of pure
cocaine abusers is consistent with previously reported evi-
dence of psychomotor slowing in cocaine dependent pa-
tients (Herning et al., 1990; O’Malley & Gawin, 1990;
Roberts & Bauer, 1993). Decrements in Digit Symbol fur-
ther suggest psychomotor slowing, and in combination with
poorer performance on Picture Arrangement and Trails A
relative to the other two groups, point to mild deficiency in
sequential organization capacities. The C group’s impair-
ment on the spatial relations component of the Reitan–
Indiana Aphasia Screening Test suggests an additional mild
deficit in spatial construction skills. Finally, the finding of
mild impairment on strength of grip in the present cocaine
sample has not been observed before but may indicate de-
ficient motor strength in cocaine abusers relative to normals.

Unlike previous investigations, the present study failed
to detect significant differences between cocaine abusers
and normals on measures of verbal memory functioning.
O’Malley and Gawin (1990) noted however, that the verbal
memory skills of cocaine abusers, while poorer than that of
normals, tend to fall within the normal range, and that mem-
ory impairments in cocaine abusers are likely to be very
subtle. The findings in the current study tend to support this
observation. The pattern of group means for delayed recall
of information from the Story Memory Test reflects some-
what poorer retention of verbal information for the two
groups of substance users relative to normal controls. Spe-
cifically, on average the CA abusers failed to recall 19.2%
of learned material after the delay (SD 5 11.4), as com-
pared to 18.2% for the C group (SD5 15.5) and only 11.9%
(SD5 9.0) for the NC group [F(2,82)5 2.73,p 5 .07].

An unexpected result was the significantly better atten-
tion and speed of information processing in the cocaine abus-
ers, which was found to be entirely due to their better
performance on the Speech-Sounds Perception Test. It seems
likely that this finding is due to chance. Consistent with this
possibility was the fact that the NC group inexplicably scored
quite low on this test when compared to the available ex-
ternal norms (see Table 3). Thus, the difference between
the C and NC groups on this test appears to be due to the
NC’s poor results rather than the C group’s especially good
performance.

The most notable finding of the present study was the
demonstration of poorer neuropsychological performance
among singly addicted cocaine abusers compared to co-
dependent cocaine and alcohol users. While this unexpected
outcome may represent a chance finding, considerable
participant selection and screening efforts were made to con-
trol for alternative explanations of the observed neuropsy-
chological differences between these groups. Although there
are several premorbid and concurrent factors known to in-
fluence the neuropsychological performance of substance
abusers, all participants were carefully selected to exclude
confounding effects attributable to physical, psychiatric or
neurological disease, head injuries, medication, family his-

Table 2. Results of multivariate analyses of ability areas

Ability Test F * p

Verbal skills Vocabulary 1.25 .26
Information
Comprehension
Similarities
Aphasia

Abstraction–cognitive Category Errors 1.95 .11
flexibility Trails B

Attention Speech Perception 3.74 .0002
Rhythm
Digit Span
Arithmetic
Picture Completion

Learning and Figure Learning .33 .95
incidental memory Story Learning

TPT – Location
TPT – Memory

Memory Story Memory 1.49 .21
Figure Memory

Psychomotor TPT Min0Block 3.15 .0005
Digit Symbol
Picture Arrangement
Object Assembly
Block Design
Trails A
Spatial Relations

Simple motor Finger Tapping 3.48 .0001
Grip Strength
Grooved Pegboard

Simple sensory Perceptual Errors .57 .5

*Multivariate F. N 5 90; df 5 2,87 except for Learning and Memory abil-
ity areas because 4 participants were missing Story Learning and Memory
data, and 5 were missing Figure Learning and Memory data.Df 5 2,82 for
Learning and Memory.
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tory of severe psychiatric problems, or developmental and
learning disabilities. In addition, the samples were matched
on demographic variables that correlate highly with neuro-
psychological performance, and there was no difference be-
tween the cocaine groups on the MMPI depression scale.
Furthermore, the substance abusers were carefully screened
by self-report and, when available, treatment records to
exclude individuals with a history of dependence on drugs
other than those investigated by the study; they also were
proven to be abstinent from cocaine, alcohol, opiates, benzo-
diazepines, sedative hypnotics, and marijuana at the time of
testing.

Despite efforts to control for possible confounding fac-
tors that could affect neuropsychological performance of sub-
stance abusers, the self-reporting of inaccurate or even false
data by drug users can never be fully discounted in studies
of substance abuse populations. The existing neuropsycho-
logical research on cocaine abusers, however, tends to sup-
port the pattern of impairments identified in the present
singly addicted cocaine sample. Moreover, the nascent lit-
erature on the cognitive effects of dual dependence on co-
caine and alcohol lends some support for our counterintuitive
finding of less cognitive dysfunction in cocaine and alcohol
dependent individuals in the present study. Easton and Bauer

(1997) have observed impairments in abstraction and total
IQ in singly-addicted cocaine dependent patients relative to
alcoholics and patients with dual cocaine and alcohol de-
pendence. In addition, Higgins et al. (1993) found that co-
caine and alcohol dependent patients reported less difficulty
concentrating and fewer seizures than patients dependent
on cocaine alone. Recently, Hersh et al. (1997) found greater
validity in estimates of drug use provided by combined co-
caine and alcohol users relative to abusers of cocaine alone,
and suggested that this may reflect a lesser degree of cog-
nitive impairment among the dually addicted cocaine users.

While the mechanism underlying the majority of neuro-
logic defects observed in cocaine abusers is believed to be
of a vascular nature (Fischman et al., 1976; Foltin et al.,
1988; Jacobs et al., 1989; Kaye & Fainstat, 1987; Levine
et al., 1987; Mody et al., 1988; Pascual-Leone et al., 1991;
Rezkalla et al., 1992; Tumeh et al., 1990; Volkow et al.,
1988), severe vascular sequelae are generally not seen in
alcohol abusers of comparable ages (Johnson et al., 1986;
Risberg & Berglund, 1987; Shaw, 1987). Speculations of
increased risk for cardiovascular complications in com-
bined cocaine and alcohol users have focused on the role of
cocaethylene (Farre et al., 1993; McCance-Katz et al., 1993).
However, more recent investigations of the effects of coca-

Table 3. Group mean comparisons on neuropsychological measures (T scores)

GroupM (SD)

Ability test NC C CA F p
Pairwise

comparisonsa

Psychomotor
TPT Min0Block 47.9 (12.2) 44.5 (8.8) 44.7 (11.0) .97 .38
Digit Symbol 52.1 (10.9) 45.9 (10.7) 43.3 (6.8) 6.56 .002 NC. C, CA
Picture Arrangement 48.5 (9.7) 42.5 (9.6) 49.1 (9.1) 4.50 .01 NC , CA. C
Object Assembly 48.0 (10.6) 48.7 (12.2) 48.7 (8.8) .04 .96
Block Design 48.4 (9.7) 45.7 (9.3) 47.3 (11.1) .57 .57
Trails A 49.5 (12.8) 40.4 (9.1) 44.8 (8.6) 5.80 .004 NC. C

Simple Motor
Finger Tapping

DH 53.9 (10.1) 53.2 (7.4) 53.3 (8.2) .06 .94
NDH 56.2 (9.0) 53.9 (7.0) 53.8 (9.5) .72 .49

Grip Strength
DH 48.1 (9.0) 38.9 (8.0) 51.5 (8.6) 16.52 .0001 NC, CA. C
NDH 49.8 (8.5) 41.5 (8.2) 53.4 (7.8) 16.74 .0001 NC, CA. C

Grooved Pegboard
DH 45.2 (11.6) 41.2 (15.5) 43.5 (11.4) .74 .48
NDH 45.5 (11.1) 38.4 (13.5) 40.7 (10.4) 2.88 .06

Attention
Speech Perception 42.1 (9.3) 53.9 (12.2) 39.7 (7.2) 18.22 .0001 C. NC, CA
Rhythmb 3.9 (.25) 3.9 (.17) 3.9 (.26) .24 .78
Digit Span 49.1 (12.3) 52.2 (9.2) 48.2 (9.2) 1.25 .29
Arithmetic 44.6 (11.3) 44.5 (9.4) 42.7 (9.9) .33 .72
Picture Completion 46.1 (10.2) 46.8 (8.1) 46.1 (7.2) .06 .94

NC 5 normal control; C5 cocaine; CA5 cocaine and alcohol.
DH 5 dominant hand; NDH5 nondominant hand.
aSignificant differences by Tukey-HSD procedure, following significant ANOVA and overall MANOVA.
bA square-root transformation was applied to the distribution of this variable.
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ethylene in clinical populations (Signs et al., 1996), and
healthy volunteers who ingested ethanol after cocaine snort-
ing (Perez-Reyes, 1994) have not observed cardiotoxic ef-
fects from cocaethylene. In these samples, cocaethylene
attained plasma concentrations that were comparable to those
observed in the studies by McCance-Katz et al. (1993) and
Farre et al. (1993), but did not alter cardiovascular effects
of cocaine (Perez-Reyes, 1994) or had no effect on cardio-
vascular performance (Signs et al., 1996). Variations in the
route of cocaine administration, the order and dose of co-
caine or alcohol consumption, and the elapsed time since
the last dose of either drug are factors that may contribute
to contrasting findings on the effects of cocaethylene. Fi-
nally, it is possible that cocaethylene may not be associated
with greater neuropsychological consequences than co-
caine or alcohol alone.

A second potential mechanism for vascular complica-
tions associated with cocaine use has been suggested by
recent findings of increased platelet aggregation in co-
caine abusers (Kugelmass et al., 1993; Rezkalla et al., 1992;
Rinder et al., 1994). By contrast, studies of the effect of
alcohol on blood platelets have found that alcohol inhibits
platelet aggregation (Deykin et al., 1982; Renaud & De-
Lorgeril, 1992). If the vasodilating properties of alcohol
counteract the cerebrovascular action of cocaine, individ-
uals who abuse cocaine and alcohol in combination might
be expected to demonstrate a lesser degree of neurologic
and cognitive compromise than those who abuse cocaine
alone, at least within the first few years of their addiction.
Although a few investigators have recently suggested that
perfusion defects are more common in patients dependent
on cocaine and alcohol than on cocaine alone, these stud-
ies have examined very small numbers of individuals, in-
cluded patients with extensive histories of polydrug abuse,
or did not employ a control group (Holman et al., 1991;
Kosten et al., 1997).

Additional research using larger sample sizes is needed
to further substantiate the effects of cocaine and of com-
bined cocaine and alcohol abuse on cognitive functioning.
In addition, the duration of alcohol use in the cocaine and
alcohol abusers in this study was relatively brief compared
to participants who were impaired in neuropsychological
studies of alcoholics. The possibility that cognitive func-
tioning may be more compromised in cocaine abusers with
longer periods of alcohol abuse remains to be investigated.

With these limitations in mind, the results of this study
suggest that chronic cocaine abusers may exhibit more cog-
nitive dysfunction than cocaine abusers with concurrent
alcohol problems and non-drug-dependent individuals. In-
terestingly, anecdotal reports from cocaine users indicate that
concurrent use of alcohol seems to ameliorate some of the
unpleasant effects of a cocaine binge, particularly paranoia,
agitation, and sleeplessness. While the findings of this study
must be considered preliminary and require replication, they
suggest that, at least in the short term, concurrent use of
cocaine and alcohol may result in fewer adverse effects of
cocaine on cognitive functioning.
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