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Profiles of Cognitive Dysfunction in Chronic

Amphetamine and Heroin Abusers

T. ]. Ornstein, B.A., ]. L. Iddon, Ph.D., A. M. Baldacchino, M.D., MRCPsych., B. |. Sahakian, Ph.D.,
M. London, MBChB, MRCPsych., B. |. Everitt, Ph.D., and T. W. Robbins, Ph.D.

Groups of subjects whose primary drug of abuse was
amphetamine or heroin were compared, together with age-
and 1Q-matched control subjects. The study consisted of a
neuropsychological test battery which included both
conventional tests and also computerised tests of
recognition memory, spatial working memory, planning,
sequence generation, visual discrimination learning, and
attentional set-shifting. Many of these tests have previously
been shown to be sensitive to cortical damage (including
selective lesions of the temporal or frontal lobes) and to
cognitive deficits in dementia, basal ganglia disease, and
neuropsychiatric disorder. Qualitative differences, as well
as some commonalities, were found in the profile of
cognitive impairment between the two groups. The chronic
amphetamine abusers were significantly impaired in
performance on the extra-dimensional shift task (a core
component of the Wisconsin Card Sort Test) whereas in
contrast, the heroin abusers were impaired in learning the

normally easier intra-dimensional shift component. Both
groups were impaired in some of tests of spatial working
memory. However, the amphetamine group, unlike the
heroin group, were not deficient in an index of strategic
performance on this test. The heroin group failed to show
significant improvement between two blocks of a sequence
generation task after training and additionally exhibited
more perseverative behavior on this task. The two groups
were profoundly, but equivalently impaired on a test of
pattern recognition memory sensitive to temporal lobe
dysfunction. These results indicate that chronic drug use
may lead to distinct patterns of cognitive impairment that
may be associated with dysfunction of different components
of cortico-striatal circuitry.
[Neuropsychopharmacology 23:113-126, 2000]
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Chronic misuse of stimulant drugs, such as cocaine or
amphetamine, or of opiates such as heroin may lead to
long-lasting impairments in brain function (e.g., Ricaurte
et al. 1984: Miller 1985). Such effects potentially add to
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the burden of treatment in humans, either by requiring
additional rehabilitation for cognitive deficits that im-
pair everyday function, or else by strengthening the
drug-seeking urge through ancillary effects on behav-
ior. However, there have been relatively few detailed
investigations of the nature of the possible neuropsy-
chological changes associated with long-term stimulant
or opiate abuse, particularly when comparing profiles
of impairment in the same study.

Heavier use of opiates in long-term users has been
shown to be associated with greater likelihood of neu-
ropsychological impairment as assessed by a battery in-
cluding the WALIS, aphasia tests, and the Halstead bat-
tery (Grant et al. 1978). Hill and Mikhael (1979) who
studied opiate abusers with an almost exclusive drug
preference for heroin, found that they were impaired on
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Tactual Performance for memory and location and Tap-
ping Tests, but not on the Category Test, a measure of
abstract reasoning ability. They concluded that, since
performance on the Category Test is thought to be re-
lated to damage to the frontal lobes, this brain region
may be less affected by opiate abuse. This conclusion is
supported to some extent by results from studies that
have failed to detect a difference between opiate users
and controls on other measures of neuropsychological
functioning thought to correlate with frontal lobe dam-
age; for example, abstract thinking (Bruhn and Maage
1975), or verbal fluency (Rounsaville 1982).

Several studies have assessed cognitive function in
stimulant (cocaine) abusers (Washton and Gold 1984;
Ardila et al. 1991; Mittenberg and Motta 1993). In an ex-
tensive study of 61 cocaine abusers and 59 polyabusers,
Rosselli and Ardila (1996) found significant impair-
ments in short-term memory and attention. Abstracting
ability as tested by the Wisconsin Card Sorting Test and
non-verbal short-term memory, were less impaired,
while verbal fluency and long-term memory were un-
impaired. Test scores were found to correlate with life-
time cocaine abuse, suggesting a relationship between
drug abuse and cognitive dysfunction. Similar patterns
of impairment have been reported by others (Parsons
and Farr 1981; Washton and Gold 1984; Carlin and
O'Malley 1996). O'Malley et al. (1992) found mild but
significant impairments in tests of attention and mem-
ory in 20 heavy cocaine abusers. These subjects also
performed poorly on the Category Test, but surpris-
ingly were superior in verbal fluency tests.

The cortical distributions of dopaminergic and opi-
ate receptors (Joyce and Meador-Woodruff 1997; Man-
sour et al. 1988) might be expected to lead to different
patterns of cognitive impairment among stimulant and
opiate abusers. For example, dopamine (DA) D1 recep-
tors are mainly present in the anterior neocortex (espe-
cially prefrontal cortex). Subcortically, stimulants and
opiates have distinct effects in the nucleus accumbens,
but share some common actions, for example, in boost-
ing the activity of the mesolimbic dopamine system
(Koob and LeMoal 1997; Wise and Bozarth 1984). Con-
sequently, some similarities in the profiles of neuropsy-
chological impairment might also result from long-term
abuse of these drugs. Chronic abuse of stimulants, and
also opiates, may lead to changes in neurotransmission
present in DA terminals such as the nucleus accum-
bens, caudate-putamen, and frontal cortex (Kalivas and
Sorg 1997), leading to disruptive functioning of cortico-
striatal loops subserving cognitive and affective infor-
mation processing (Alexander et al. 1986).

A variety of cognitive impairments has been re-
ported in patients with frontal-striatal pathology which
are often subsumed under the rubric of ‘executive dys-
function.” Patients with frontal lobe lesions present with
cognitive function deficits in tests of working memory,
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attentional set-shifting, planning ability and strategic
learning (Shallice 1982; Owen et al. 1995a, 1990, 1991;
Milner 1963). Similarly, patients with Parkinson disease
exhibit deficits in tests of ‘frontal function” (Downes et
al. 1989; Owen et al. 1992, 1993), which are exaggerated
by L-Dopa withdrawal, suggesting an involvement of
brain dopamine systems (Lange et al. 1992; Owen et al.
1995a). Currently, there is considerable debate as to the
extent to which such executive functions might be dis-
sociable and subject to differential modulation by as-
cending neurotransmitter systems (Robbins 1996).

The present study was designed to further define
and compare the patterns of cognitive impairment
among chronic amphetamine and heroin abusers and
to relate neuropsychological dysfunction to clinical
variables. Tests shown to be sensitive to fronto-striatal
or temporal lobe damage were employed from a stan-
dardized and computerised neuropsychological test
battery (CANTAB) (Robbins et al. 1994, 1998) together
with other related variants (Iddon et al. 1998; Owen et
al. 1995a). The CANTAB battery has been used in a
wide variety of relevant patient groups, including pa-
tients with neurosurgical excisions of the prefrontal
cortex or temporal lobe (Owen et al. 1995b), basal gan-
glia disorders such as Parkinson’s (e.g., Downes et al.
1989; Owen et al. 1992), and Huntington’s disease (e.g.,
Lawrence et al. 1996), as well as depression, schizo-
phrenia (Elliott et al. 1998), and dementia (Sahakian et
al. 1988). The battery has also been previously em-
ployed in psychopharmacological (Lange et al. 1992; El-
liott et al. 1997; Robbins et al. 1998) and toxicological
(Maruff et al. 1998) investigations. Also, most impor-
tantly, tests from the battery have been used in the con-
text of functional neuroimaging (Baker et al. 1996;
Owen et al. 1996a; Rogers et al. 1999a) which may be es-
pecially useful eventually for providing a neurocogni-
tive profile of the effects of long-term opiate or amphet-
amine abuse.

Substance misusers are a heterogeneous group and
primary users of one class of drugs will inevitably at
some point in time have used drugs of another class.
However, within this spectrum of use one can separate
out groups on the basis of personal preference and rela-
tive frequency and duration of use. This method has
been used in epidemiological research on amphetamine
users in Cambridge (Haarhoff and London 1995).

In this study, we compared the cognitive profiles of
two separate groups of chronic drug abusers who met
the DSM-IV criteria for chronic heroin or chronic am-
phetamine dependence. Within the chronic amphet-
amine abuse group, was a subgroup of subjects who
also met the criteria for opiate dependence (though
with a significantly shorter duration of opiate abuse
than amphetamine abuse), and were thus distinct from
the subgroup of chronic amphetamine abusers who
were not opiate dependent. Therefore, an additional
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analysis directly compared the cognitive performance
of these two subgroups.

METHODS
Subjects

Heroin Abusers. Twenty-two subjects (all males) were
recruited through the Drug and Alcohol Dependency
Unit at Brookfields Hospital, Cambridge. They had all
used opiates regularly for a minimum of three years and
all met the APA Diagnostic and Statistical Manual of
Mental Disorders—4th edition (DSM-IV) (Task Force of
American Psychiatric Association 1994) criteria for Opi-
ate (Physiological) Dependence, but not Amphetamine
(Physiological) Dependence. This required the presence
in the preceding twelve months of either tolerance or
withdrawal symptoms and at least two of the following
features: opiates taken in larger quantities or longer than
intended, craving or failed efforts to cut down, drug di-
rected activity, salience of drug related behaviour, and
persistent use despite awareness of problems.

Drug histories were taken prior to testing [by a con-
sultant psychiatrist (ML) in conjunction with another
psychiatrist (AB)]. The mean age of this group was 33.3,
SD * 7.8 (range 22 to 50) years and their promorbid
verbal IQ as estimated using the National Adult Read-
ing Test (NART) (Nelson 1982) was 108.9, SD * 9.4
(range 93 to 123). The mean duration of heroin abuse
was 11.61, SD = 8.3 (range 3 to 30) years. Educational
attainment was measured by last year of education.
Three subjects had no further education beyond the age
of 14, whereas two subjects proceeded beyond the age
of 19. At the time of testing, 20 subjects were taking reg-
ular prescriptions of methadone, two naltrexone, and
one carbamazepine. Two subjects reported drinking
more than 30 units of alcohol (normal levels being 20
units for men and 14 for women) and three subjects de-
scribed amphetamine use, but did not meet criteria for
dependence. Two subjects used ecstasy (MDMA) irreg-
ularly and five took benzodiazepines intermittently. Al-
most all the heroin abusers (21/22) reported regular
cannabis use.

Amphetamine Abusers. Twenty-three subjects (19 male
and four female) were recruited from the Drug and Al-
cohol Dependency Unit, as described above. All sub-
jects had used amphetamines regularly for a minimum
of three years and met the DSM-IV criteria for Amphet-
amine (Physiological) Dependence (similar criteria to
those described above for opiate dependence). All were
under the care of ML. The ages of the participants
ranged from 18 to 51 with a mean age of 34.6, SD * 9.2
years. Verbal premorbid IQ as estimated using the
NART was 108.7 = 7.0 (range 92 to 126). One subject
had not progressed educationally beyond 14 years,
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whereas five subjects continued after age 19. The mean
duration of amphetamine abuse was 13.04 (SD = 7.0)
years with a range of 5 to 29 years.

A total of 10 subjects of the 23 were receiving pre-
scribed oral dexamphetamine and 13 were taking illicit
amphetamine. At the time of testing, nine of the 23 sub-
jects met the DSM-IV criteria for opiate dependence
and were also receiving prescribed oral methadone
(amphetamine + opiate subgroup). This subgroup had
abused amphetamine for a mean of 18.44 (8.93) years
and opiates for 12.28 (7.52) years. In every case, dura-
tion of amphetamine abuse had been longer than for
opiates. Five of the methadone prescribed subjects were
also receiving prescribed amphetamine. The remaining
four methadone treated subjects had received a pre-
scription of methadone for less than six months (while
their duration of stimulant use had exceeded five
years). The remaining 14 subjects were termed the am-
phetamine only sub-group, their duration of amphet-
amine abuse averaging 11.21 (6.92) years.

From the overall group of 23 subjects, one subject re-
ported drinking more than 56 units per week and two
gave a history of past heavy drinking. Subjects also re-
ported intermittent abuse of cannabis (n = 20), MDMA
(n = 9), and benzodiazepines (n = 5).

All subjects spoke English as their primary language.
Exclusion criteria for both the heroin and amphetamine
abusers included a history of psychiatric or neurologi-
cal illness, clinical depression, and alcohol dependence.
A minimum drug dependence duration of three years
with major drug of abuse being either amphetamine or
opiate was required for inclusion within the study. At
the time of testing, no subjects were experiencing with-
drawal symptoms or clinical features of intoxication.

Control Subjects. Normal healthy subjects were cho-
sen to match the two drug abuse groups as closely as
possible for age and premorbid verbal IQ as estimated
using the NART (Nelson 1982). Control subjects were
drawn from a pool of 48 volunteers recruited through
advertisements placed in a Cambridge employment
centre. The same subjects (control group 1; n = 22) were
selected for each of the tests of verbal fluency, pattern
and spatial recognition memory, spatial working mem-
ory, and one-touch Tower of London. For the atten-
tional set-shifting task and the visuospatial strategy
task, separate subgroups (control groups 2 and 3, re-
spectively; each n = 22) were formed. Control group 1
contributed three subjects to group 2 and 15 to group 3.
There was no overlap between groups 2 and 3. The
study was approved by the Cambridge Local Research
Ethics Committee and all subjects gave informed con-
sent for participation in the study.

A summary of characteristics for the two drug abuse
groups and the control subjects is shown in Table 1.
One-way analyses of variance revealed that both the
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Table 1. Subject Characteristics
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Sex VIQ Education Drug Abuse

Group Tests N Age M:F (NART) (School Leaving Age) Duration (Years)
Heroin abusers 22 333(7.8) 22:0 108.9(9.4) 15.9 (2.6) 11.6 (8.3)
Amphetamine abusers 23 34.6(9.2) 19:4 108.7(7.0) 16.7 (2.1) 13.0 (7.0)
Control group 1 Verbal fluency 22 31.6(8.0) 10:12 108.9 (9.0) 18.2 (1.6)

Pattern and spatial recognition

Spatial working memory

one-touch Tower of London
Control group 2 Attentional set-shifting task 22 33.1(13.5) 15:7 112.8(8.5) 18.1(2.7)
Control group 3 Visuospatial Strategy task 22 33.1(9.5) 10:12 109.1(8.7) 18.3 (2.3)

Standard deviation in brackets.

heroin and amphetamine abuse groups were well
matched with their respective control subjects for selec-
tive tests; in terms of both age [verbal fluency, pattern
and spatial recognition, spatial working memory, one-
touch Tower of London: F(2,64) = 0.75, n.s.; atten-
tional set-shifting: F(2,64) = 0.14, n.s.; visuospatial
strategy task: F(2,64) = 0.19, n.s.] and premorbid ver-
bal IQ [F(2,64) = 0.01, ns.; F(2,64) = 1.51; ns.; F(2,64) =
0.01, n.s.].

Procedures

Verbal Fluency. The verbal fluency test sensitive to
frontal lobe function (Benton 1968) was administered
using both letter and semantic categories. In the letter
fluency subtest, subjects were asked to generate as many
words as possible in a minute starting with the letter ‘F’.
The subjects then repeated this task with the letters ‘A’
and ‘S’. In the category fluency subtest, they were asked
to generate as many names from the semantic category
‘animals” within 90 seconds. Mean word generation for
both letter and category fluency was measured.

Computerised Tests. Some of the main tests were ad-
ministered from the CANTAB battery (CeNeS Ltd.
Cambridge, U.K.), a series of computerised tasks run on
a portable microcomputer with a Datalux touch sensi-
tive screen. Subjects were seated approximately 0.5m
from the touchscreen and were introduced to the appa-
ratus through a ‘motor screening task.” The subjects re-
sponded to 10 flashing red and green crosses presented
in varying locations on the screen by touching the cen-
ter of each cross with the index finger of their preferred
hand. After completion of this task, the subjects were
given the following tasks in the order described below.

Pattern and Spatial Recognition. These tests assess
visual pattern and visuospatial recognition memory
(Sahakian et al. 1988). In the pattern recognition task,
which is more sensitive to temporal than frontal lobe
dysfunction (Owen et al. 1995b), subjects were pre-
sented with a successive series of twelve colored ab-

stract patterns. After a delay, the twelve patterns reap-
peared in reverse order alongside a novel pattern and
they identified which of the two simultaneous pre-
sented patterns they had seen before. This procedure
was then repeated with a new set of twelve patterns.

In the spatial recognition task, which is more sensi-
tive to frontal lobe rather than temporal lobe dysfunc-
tion (Owen et al. 1995b), five squares were presented
sequentially in different locations around the screen.
Subjects were presented with a choice of two squares in
different locations, one of which was novel; they had to
touch the location in which the square had appeared
previously. This procedure was repeated a further three
times. Performance was measured by the number of
correct responses calculated from 24 trials for pattern
recognition and 20 trials for spatial recognition. Mean
response latencies for both tasks were also measured.

Attentional Set-Shifting Task. A widely used assess-
ment of cognitive set-shifting that requires shift of at-
tention set from one perceptual category to another
(e.g., shape to number) and which is attributed to pre-
frontal cortex integrity, is the Wisconsin Card Sorting
Test (WCST) (Grant and Berg 1948). Modelled after but
unlike the WCST, the CANTAB attentional set-shifting
task (ID/ED) (Downes et al. 1989) was designed to as-
sess the contribution of component processes to im-
paired set-shifting ability. The ID/ED task requires sub-
jects to learn a series of two-alternative forced choice
discriminations and is composed of nine stages begin-
ning with a simple discrimination and its reversal of
one dimension (e.g., two different lines). Compound
discrimination and its reversal are then tested with the
addition of other dimensions (e.g., two purple filled
shapes) overlapping the lines. Success is dependent on
responding to the previous relevant dimension and on
ignoring the new, irrelevant dimension.

At the ‘intra-dimensional shift” (IDS) stage, the sub-
jects continued to respond to the novel exemplars
within the previous relevant dimension and to ignore
the irrelevant dimension. Following its reversal, the ‘ex-
tra-dimensional shift’ (EDS) and its reversal were pre-
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sented, again using novel exemplars of each stimulus
dimension. At this stage, the subject had to learn that
the previously irrelevant dimension was now relevant
and the previously relevant dimension was now irrele-
vant in order to correspond correctly.

The EDS stage is equivalent to a category shift in the
WCST and has been shown to be sensitive to frontal
lobe (Owen et al. 1991) and basal ganglia dysfunction
(Downes et al. 1989; Lawrence et al. 1996). The main
measures of performance were the stage of the task suc-
cessfully attained and errors made.

Spatial Working Memory Task. This CANTAB test
of spatial working memory is a self-ordered searching
task which requires the subject to search through a spa-
tial array of colored boxes for “blue tokens” and has
been shown to be sensitive to effects of frontal and tempo-
ral lobe lesions (Owen et al. 1990, 1995b, 1996b). To find a
token, subjects need only to touch a box on the screen.

There was a training phase of three boxes and in-
creasing to four, six, and eight boxes, respectively. Er-
rors were scored according to the number of times the
subject searched in a box for a token where one had al-
ready been found (a ‘between search’ error). “Within
search’ errors (returning to a box already opened, and
shown to be empty earlier in the same trial) were also
measured. In addition, a strategy score was computed,
that has been shown to be sensitive to frontal lobe dys-
function (Owen et al. 1990). The extent to which a strat-
egy was used was established from a number of search
sequences starting with a novel box for the six- and
eight-box problems. A high score represented poor use
of strategy and vice versa (range 1-37). The best score of
1 was obtained when the same box was used to initiate
each search sequence at the more difficult six and eight
box problems.

One-Touch Tower of London Task. To familiarize sub-
jects with the task, a modified version of the Tower of
London spatial planning task dependent on prefrontal
cortical functioning (Shallice 1982) was used on a train-
ing session (Owen et al. 1995a). Two sets of colored
balls hanging in stockings were presented on the
screen. Subjects had to arrange the bottom pattern of
balls according to specified rules to match the top pat-
tern of arrangement by touching a ball and moving it to
the wanted location. In the one-touch Tower of London
task, subjects were again shown two arrangements of
colored balls hanging in stockings and asked to deter-
mine, using the previously defined rules and without
actually moving the balls, the minimum number of
moves it would take to make the bottom arrangement
match the goal arrangement. The bottom of the screen
presented with five boxes labeled 1-5 and subjects had
to touch the number which corresponded to the mini-
mum number of moves required to solve the problem.
Accuracy and latency measures were recorded.
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Visuospatial Strategy Task. The visuospatial strat-
egy task has been shown to be sensitive to impairments
in patients with Parkinson’s disease or frontal lobe in-
jury (Owen et al. 1995a). Four symmetrically arranged
red boxes were presented on the screen. Subjects were
instructed to produce as many novel sequences as pos-
sible out of twenty-four by touching all four boxes in
different orders once on each try (Owen et al. 1995a; Id-
don et al. 1998). After the first twenty-four attempts, the
subject moved on to the training phase where again
four red boxes appeared on screen, but this time one
box was surrounded by a white border. Six sequences
were then generated starting with the highlighted box.
This exercise was repeated with three other boxes that
were highlighted. After this stage, the subjects again
were presented with four unhighlighted red boxes and
asked to generate 24 possible sequences improving
upon their initial number of novel sequences generated.

The number of sequences generated out of 24 for
both stages 1 and 2 were measured. Strategic perfor-
mance was assessed by calculating the number of
blocks of five or more starting with the same box in a
row. The range of possible scores were thus between 0
and 4. Perseveration was defined as immediate repeti-
tion of an entire sequence of four responses. The span
score was the number of correct sequences occurring
from the first sequence without an error (repetition of a
previous sequence).

Data Analysis

All data were analysed using the Statistical Package for
the Social Sciences (SPSS) version 7 in Windows 95 on a
PC computer. One and two-way analyses of variance
were performed, with subject group as the between-
subjects factor, and stage or difficulty level as the
within subjects factor. Where appropriate, data were
transformed prior to analysis to reduce distribution
skewness and ensure homogeneity of variance (Howell
1997). When the parametric statistical test assumptions
were not met i.e., values were recorded as 0 or 1, a non-
parametric Kruskal-Wallis one-way analysis of vari-
ance using ranks was conducted. For each test, planned
between group pairwise contrast analyses were con-
ducted and tested by the t-statistic. Nonparametric con-
trasts were carried out by performing separate Mann-
Whitney U analyses.

Two comparisons were made. The drug groups were
combined and compared to the controls and the drug
groups were compared to each other. All multiple com-
parisons were Bonferroni corrected. It is possible that
some of the variation of the differences in test perfor-
mance among the groups was due to the level of educa-
tion attained, as there were small differences between
the drug abuser and control groups. Hence, in a parallel
analysis, level of education was included as a covariate.
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Table 2. Mean Test Performance and Standard Deviations (SD) for the Heroin and Amphetamine Abuse Groups and Controls

Heroin Abusers

Amphetamine Abusers

Control Subjects

Verbal fluency:
Letter fluency (FAS) (/60s each letter) 38.41 (15.14) 36.00 (15.43) 46.67 (14.68)
Category fluency (Animals) (/90s) 23.55 (5.61) 21.83 (5.76) 26.52 (8.10)
Pattern recognition:
(% correct/24) 20.36 (2.74) 19.43 (2.56) 22.14 (1.55)
(latency) 2865.18 (1188) 2497.91 (1012) 2072.91 (528)
Spatial recognition:
(% correct/20) 15.09 (3.18) 15.74 (2.47) 17.32 (1.76)
(latency) 292455 (1211) 2477.57 (902) 2271.82 (760)
Spatial working memory:
Total ‘between search’ errors 32.36 (23.65) 28.57 (20.50) 16.64 (11.34)
Total ‘within search’ errors 5.50 (10.94) 2.36 (4.70) 1.64 (2.08)
Strategy score 34.14 (4.52) 29.77 (6.02) 31.77 (4.51)
One-touch Tower of London:
Perfect solutions (% correct/12) 61.76 (19.94) 64.66 (24.33) 81.05 (11.75)
Sequence Generation Task (24 possible sequences)
Sequence Generation:
Stage 1 16.95 (1.95) 15.83 (3.17) 17.32 (2.61)
Stage 2 17.52 (2.52) 18.00 (3.50) 20.73 (2.91)
Strategy:
Stage 1 0.19 (0.40) 0.12 (0.33) 0.55 (1.06)
Stage 2 0.90 (1.30) 1.12 (1.54) 2.59 (1.71)
Perseveration:
Stage 1 0.71 (0.78) 0.24 (0.44) 0.45 (0.51)
Stage 2 0.76 (0.77) 0.47 (0.80) 0.45 (0.67)
Span score 7.48 (4.58) 10.29 (4.84) 8.64 (4.32)

Only when a significant group effect was removed as a
consequence of this analysis of covariance is it noted in
the text.

Pearson’s product moment and Spearman rank or-
der correlational analyses were also conducted to assess
the influence of such factors as drug abuse duration: a
level of p < .01 was used to assess significance because
of the large number of correlations computed. The in-
dex of variability shown in all cases was the standard
deviation. For the attentional set-shifting task, data in
the form of frequencies (the number of subjects passing
or failing at each stage of the test) were case in contin-
gency tables and analysed using likelihood ratio analy-
sis (Robbins 1977). This method is useful for analysing
data with small cell frequencies and is distributed as x°.

RESULTS
Verbal Fluency

The chronic drug abuse groups both generated fewer
words than the controls. Following a square-root trans-
formation, this effect was significant in the case of the
letter fluency (FAS) component [F(2,63) = 3.37, p < .05]
but not in the case of the semantic (‘animals’) compo-
nent of the task. However, the significant group differ-
ence did not survive a supplementary analysis of cova-
riance with level of education attained as a covariate.

Pattern and Spatial Recognition

Mean percentage correct scores for pattern and spatial
recognition memory tests are shown in Table 2. There
was a significant difference among the three groups for
both pattern recognition [F(2,64) = 7.64, p < .01] and
spatial recognition [F(2,64) = 4.50, p < .05]. The com-
bined drug abuse group was impaired on pattern and
spatial recognition memory compared to their control
subjects [t(64) = 3.67, p < .01] and [t(64) = 2.89, p < .01],
but not impaired in relation to each other on either
measure. However, the significant group effect for spa-
tial recognition (though not pattern recognition) failed
to survive analysis of covariance with level of educa-
tion as a covariate.

Mean response latencies (see Table 2) were log trans-
formed before analysis. There was a significant differ-
ence between the groups for pattern [F(2,64) = 4.59,p <
.05] but not spatial [F(2,64) = 2.71, p < .05] recognition.
The combined drug abuse group was significantly im-
paired compared to their controls [t(64) = 2.65, p <
.025] but there was no difference in performance be-
tween the amphetamine and heroin abusers.

Attentional Set-Shifting Task

Figure 1la shows the cumulative percentage of subjects
succeeding at each stage of the task. As can be seen
from this figure, 91% of the control subjects compared
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Figure 1. Proportion of subjects
reaching the learning criterion (within
50 trials) at each stage of the visual
discrimination/attentional set-shifting
paradigm for the chronic amphetamine
abusers, chronic heroin abusers, and
IQ- and age-matched controls. SD, sim-
ple discrimination learning; SR, simple
reversal learning; CPD, compound dis-
crimination learning, separated ele-
ments; CD, compound discrimination
learning; CDR, compound discrimina-
tion reversal; IDS, intra-dimensional
shift; IDR, intra-dimensional reversal;
EDS, extra-dimensional shift; EDR,
extra-dimensional reversal.
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with 73% of the heroin abuse group and 57% of the am-
phetamine abusers successfully completed all stages of
the task. Overall, there was a significant difference
among the groups in completing the task [x,> = 7.30, p <
.05]. The difference between the combined drug group
and the controls just reached significance [x;,*> = 5.60,
p < .05] with 35.6% (16/45) of the drug abusers and
only 9.1% (2/22) of the control subjects failing this task.
No difference emerged between the amphetamine and
heroin abusers for this gross index of performance.

However, performance at the EDS stage effectively
differentiated between the groups for those subjects
able to attempt that stage [x,? = 17.18, p < .05]. The con-
trol subjects performed significantly better than the
combined drug group [x;* = 9.23, p < .05] and signifi-
cantly fewer of the amphetamine compared with the
heroin abusers successfully passed this stage [x;> =
7.95,p < .01].

An additional two-way analysis of variance was per-
formed to directly compare errors made at the IDS and
EDS stages for the three groups using square-root
transformed scores (see Figure 2). There was a signifi-
cant group X stage interaction [F(2,64) = 17.0, p < .001].
The EDS and IDS stages were then analysed separately
to determine simple main effects of group. For the EDS
stage, there was also a significant difference between
the combined drug group and the controls [t(64) = 3.32,
p < .01] with the controls making fewer errors. Impor-

tantly, the amphetamine abusers made significantly
more errors than the heroin abusers [t(64) = 3.56, p < .01].

A parallel analysis was performed for errors made at
the IDS stage. Again, there were differences among the
three groups [F(2,64) = 4.32, p < .05] which reflected
overall differences between the heroin abusers and the
other groups [t(64) = 2.38, p < .02]. A direct contrast ap-
plied between the amphetamine and heroin abuse
groups confirmed that the latter performed signifi-
cantly worse [t(64) = 2.60, p < .01].

Additional post-hoc analyses comparing IDS and
EDS errors in each group separately confirmed that
there were differences among the three groups [F(2,64) =
4.32, p < .05] which reflected overall differences be-
tween the heroin abusers and the other groups [t(64) =
2.38, p < .02]. A direct contrast applied between the am-
phetamine and heroin abuse groups confirmed that the
latter performed significantly worse [t(64) = 2.60, p <
.01]. Finally, additional post-hoc analyses comparing
IDS and EDS errors in each group separately confirmed
that there were significant IDS-EDS differences for the
controls and the amphetamine abusers, but not for the
heroin abusers.

In summary, whereas the amphetamine abuse group
made significantly more errors than controls or heroin
abusers at the EDS stage, by contrast, the heroin abuse
group made more errors at the IDS stage than the am-
phetamine or control subjects. Additionally, only the
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Figure 2. Mean (+ sem) of numbers
of errors made at the intra-dimensional
shift (IDS) and extra-dimensional shift
(EDS) stages of the three groups.
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control and amphetamine groups showed the normal
advantage for IDS over EDS performance.

Spatial Working Memory

Accuracy of Performance. For total ‘between search’
errors, following a square-root transformation, there
was a significant difference between the groups [F(2,64) =
4.16, p < .05] which reflected the control subjects mak-
ing fewer errors than the combined drug group [t(64) =
2.81, p < .01]. However, this difference did not survive
analysis of covariance with level of education as a cova-
riate. There was no difference in performance between
the amphetamine and heroin abusers. For ‘within
search’ errors, a Kruskal-Wallis comparison between
the three groups revealed no difference on this measure
(see Table 2).

Strategy Score. The mean strategy scores are pre-
sented in Table 2. There was a significant difference be-
tween the groups [F(2,63) = 4.25, p < .05]. The heroin
abuse group made less use of an efficient search strat-
egy [t(63) = 2.91, p < .01] than the amphetamine abus-
ers. There was no difference between the combined
drug group and the control subjects.

In summary, both groups made more errors than
controls on this task, but the effect was in part linked to

EDS

reduced education in the drug abuse groups. Only the
heroin abusers exhibited an impaired strategy score.

One-Touch Tower of London

Accuracy of Performance. For ‘perfect solutions’,
there was a significant effect of group [F(2,55) = 5.63, p <
.01] which was due to the combined drug abuse groups
being significantly less accurate than the controls, but
not different from one another (see Table 2). A square-
root transformation of the number of choices to solution
measure followed by analysis of variance conducted
across the five difficulty conditions, revealed a signifi-
cant interaction between group and difficulty levels
[F(8,240) = 2.10, p < .05]. The difference in performance
between the combined drug abuse group and the con-
trol subjects approached significance at four-move
[t(60) = 2.10, p = .04, but did not reach significance fol-
lowing Bonferroni connection] and five-move problems
[t(60) = 1.81, p = .076] (mean values for the more diffi-
cult levels are presented in Table 2). There was no dif-
ference in performance between the amphetamine and
heroin abusers at any level of difficulty.

Latency. Three latency measures were also calcu-
lated: 1) the overall latency (latency to the correct solu-
tion regardless of the number of attempts); 2) the la-
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tency to the first response, regardless of whether that
response was correct; and 3) latency to the first correct
response (perfect solutions).

Logarithmically transformed latencies to the first re-
sponse and to first correct response revealed only
highly significant effects of difficulty level [F(4,228) =
116.29, p < .01] and [F(4,188) = 140.00, p < .01] with la-
tencies for all groups increasing as difficulty level in-
creased. However, a difference in performance between
the groups for both latencies to the first response and
first correct response approached significance [F(2,57) =
3.11, p = .052] and [F(2,47) = 3.01, p = .059]. There were
no group X difficulty level interactions for either mea-
sure. Overall latency also showed a significant effect of
difficulty level [F(4,228) = 142.4, p < .01] and there was
a significant effect of group [F(2,57) = 5.29, p < .01]. The
combined drug group performed significantly slower
than the control subjects. There were however, no la-
tency differences between the heroin and amphetamine
abusers and no interaction between group and diffi-
culty level emerged.

In summary, the drug abuse groups both performed
less accurately on this planning task and were slower to
respond according to certain latency measures. How-
ever, there were no differences between the amphet-
amine and heroin abuse groups and no informative in-
teractions were shown with difficulty level.

Visuospatial Strategy Task

Sequences Generated. The mean numbers of se-
quences generated by the two drug groups over stages
1 and 2 (out of a possible 24) are presented in Table 2.
There was a significant group effect [F(2,58) = 5.32, p <
.01] and group X session interaction [F(2,58) = 3.72, p <
.05]. Analysis of the simple main effects of groups at
each stage demonstrated that there was a significant
difference in performance at stage 2 between the
groups [F(2,58) = 7.19, p < .01] but not at stage 1. The
combined drug abuse group performed significantly
worse than the controls [t(58) = 3.73, p < .01] at stage 2,
but there were no differences in performance between the
heroin and amphetamine abusers at this stage of the task.

However, analysis of the simple main effect of stage
across each group showed that the heroin abusers’ per-
formance did not differ across stages 1 and 2 whereas
both the amphetamine abuse and control groups im-
proved significantly at stage 2 [t(17) = 2.16, p < .05] and
[t(21) = 5.88, p < .01].

In summary, both of the abuser groups were equiva-
lently impaired on overall performance of this task, but
the heroin group showed significantly less improve-
ment following training.

Strategy Learning. A Kruskal-Wallis comparison re-
vealed that the three groups did not perform signifi-
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cantly differently at stage 1, but did at stage 2 (x,* =
11.48, p < .01) with the control subjects performing bet-
ter than the combined heroin and amphetamine abuse
group (x;* = 11.38, p < .01). There was no difference in
performance between the drug abuse groups (see Table 2).

Perseveration Score. There was a near significant dif-
ference among the groups [F(2,57) = 3.05, p < .055]
which, from inspection of the means in Table 2, proba-
bly arose from a tendency for the heroin abusers to ex-
hibit higher perseveration scores. In fact, a contrast ap-
plied between this group and the combined control and
amphetamine abuser groups revealed a significant dif-
ference [t(57) = 2.43, p < .018].

Span Score.  No difference between the groups emerged
for this measure (see Table 2).

Comparison of Subgroups in Chronic Amphetamine
Abuse Group

Further comparisons were made between the two sub-
groups within the amphetamine group: of subjects who
also met the criteria for opiate dependence and were on
concurrent methadone medication (n = 9) and the sub-
group who did not meet criteria for opiate dependence,
and who were not on methadone treatment (n = 14).
The two groups were well matched for age and IQ,
showing no significant differences. The results of the
analyses for the main neuropsychological test variables,
together with mean (SD) values, are shown in Table 3.
As can be seen, in general, the results for the ‘amphet-
amine alone’ subgroup are very similar to those for the
larger group described above. There were also no sig-
nificant differences between the two subgroups.

Correlational Analysis

Pearson Product Moment correlation coefficient or
Spearman rank order correlation coefficients were cal-
culated between cognitive test scores for most tests,
level of education, age and overall drug abuse duration,
amphetamine abuse duration and heroin abuse dura-
tion. No correlations attained significance at the strin-
gent p < .01 criterion.

DISCUSSION

The present study has compared the neuropsychologi-
cal profile of two groups of chronic drug abusers, pre-
dominantly or heroin or amphetamine, on a novel com-
puterised neuropsychological battery, including some
tests or variants from CANTAB, which has been vali-
dated extensively in patients with cortical damage, neu-
ropsychiatric disorders, and neurodegenerative dis-
ease, as well as in normal volunteers in neuroimaging
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Table 3. Cognitive Test Performance Comparisons in Sub-Groups with Chronic Amphetamine Abuse with or without

Additional Opiate Dependence

Group Effect Mean (SD)

Test F DF P C AMP AMP/OP
Letter Fluency (FAS) 3.79 (2,41) <.05 46.67 (14.68) 32.79 (10.29)** 41.00 (20.89)
Category Fluency (Animals) 3.09 (241) >.05 26.52 (8.10) 20.57 (6.16) 23.78 (4.74)
Pattern Recognition 9.31 (2,42) <.001 22.14 (1.55) 19.71 (2.43)** 19.00 (2.83)+
Spatial Recognition 2.96 (2,42) >.05 17.32 (1.76) 15.79 (2.33) 15.67 (2.83)
Attentional set-shifting
EDS Errors 17.69 (2,42) <.001 4.23 (5.05) 19.00 (10.11)** 14.11 (10.17)+
IDS Errors 1.19 (2,42) >.05 2.23(5.12) 2.07 (6.62) 0.44 (0.73)
SWM Between Search Errors 2.73 (2,42) >.05 16.64 (11.34) 31.86 (23.13) 23.44 (15.40)
SWM Strategy Score 0.44 (2,42) >.05 31.77 (4.51) 30.36 (6.38) 30.11 (5.78)
TOL Perfect Solutions (% correct) 3.40 (2,34) <.05 81.05 (11.75) 63.93 (27.26)* 66.54 (16.76)
VST Sequences Generated

(averaged across stages 1 and 2) 348 (2,37) <.05 19.02 (2.41) 16.88 (2.79)* 17.00 (2.28)

C = healthy controls; AMP = subgroup without additional opiate dependence (N = 14); AMP/OP = subgroup with additional opiate dependence

(N = 9). Lower degrees of freedom (DF) reflect missing values.

EDS = Extra-Dimensional Shift; IDS = Intra-Dimensional Shift; SWM = Spatial Working Memory; TOL = Tower of London; VST = Visuospatial

Strategy Task.

*p <.05; **p < .01, AMP abuse group is only significantly different from controls.
tp <.01, AMP/OP abuse group is only significantly different from controls.

paradigms. There were qualitative differences in cogni-
tive functioning between the chronic amphetamine and
heroin groups, notably on a test of visual discrimina-
tion learning and shifting, and in some aspects of visu-
ospatial memory function. Both groups were pro-
foundly impaired on a test of visual pattern recognition
memory which has been shown to be sensitive to tem-
poral lobe lesions (Owen et al. 1995b). This deficit was a
selective one, in that it survived analyses taking ac-
count of years of education, and it was also readily ap-
parent in the relatively “pure’ subgroup of chronic am-
phetamine abusers who did not also abuse opiates.
This is a unique study, as there are relatively few
published data comparing cognitive deficits in clinical
populations of chronic stimulant and opiate users. In
the United Kingdom some treatment centers do pre-
scribe amphetamines and almost half the amphetamine
sample in this study were taking daily prescribed am-
phetamines of known purity. The chronic amphetamine
and chronic heroin groups were distinguished on the
basis of DSM-IV criteria for amphetamine and opiate
dependence, and despite some of the amphetamine
group also fulfilling criteria for opiate dependence, sig-
nificant qualitative differences in cognitive functioning
were found between the two groups, thus helping to
validate this approach. When the opiate dependent
abusers were excluded from the chronic amphetamine
group, the same qualitative pattern of significant differ-
ences was found in neuropsychological test variables
(Table 3). Therefore, the effects shown in the chronic
amphetamine group could not be attributed to opiate
dependence or to acute effects of methadone.

One caveat in interpreting the findings is that the
monitoring of drug-taking behavior close to the test ses-
sion was not confirmed, for example, by urine or
plasma analyses, so that it is just possible, despite our
clinical screening procedure, that some of the subjects
in the chronic abuse group were still performing while
under the effects of the abused drug, or alternatively,
methadone. There is comparative information available
on the effects of acute methylphenidate in volunteers
for this battery (Elliott et al. 1997)—which shows for the
most part that this drug often enhances rather than im-
pairs performance, at least for the non-drug abusing
normal population.

A related methodological problem was the lack of
objective assessment of the absence of abstinence symp-
toms for amphetamine: these were monitored instead
by the clinician caring for these individuals. However,
the different patterns of cognitive deficit exhibited in
the two groups effectively argue against a general with-
drawal-induced malaise or motivational impairment
producing non-specific disruptions of performance.
Other possible problems of interpretation related to co-
incidental differences between control individuals and
drug abusers, such as anti-social personality and level
of education attained. The latter influence was ruled
out by means of an analysis of covariance for the main
neuropsychological differences reported here. Although
the possible influence of anti-social personality was not
explicitly controlled, a parallel study of a large group of
patients with antisocial and/or borderline personality
disorder, the majority exhibiting varying degrees of
drug misuse, showed a somewhat different profile of
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impairment, which for example, did not include im-
pairments in visual recognition memory (Bazanis et al.
unpublished observations).

The most striking result in the present study was the
specific impairment in EDS performance in the amphet-
amine group, with sparing of related tests from the
same suite of discrimination tests, including the IDS.
This deficit in set-shifting was even clearer in the sub-
group of amphetamine abusers who were not also on
methadone. The EDS is formally equivalent to the cate-
gory shift in the Wisconsin Card sorting Test. The EDS
stage deficit has also been observed in patients with
basal ganglia disorders, such as Huntington’s disease
(Lawrence et al. 1996) and in neurosurgical patients
with frontal, but not temporal lobe excision (Owen et al.
1991). By contrast, the heroin group were less impaired
on the EDS stage, although they were more impaired at
earlier stages of the test, including the IDS, which in-
volves abstraction and learning set.

The failure of subjects in the heroin group to show
efficient IDS performance (as well as a general tendency
to make more errors at even earlier stages; data not
shown), may be taken to indicate a deficit in “tuning in’
to the relevant dimension as a general consequence of
impaired reinforcement learning. This failure to ‘tune
in” may explain the relatively weaker nature of their
EDS deficit which depends on the need to shift from a
selectively attended perceptual dimension (such as
‘shapes’ or ‘lines’ in our test). Performance on the IDS is
not generally impaired by frontal or basal ganglia dys-
function (Dias et al. 1996; Owen et al. 1991). Further-
more, it appears that differences in education between
the groups were not responsible for the deficits; the sig-
nificant ID/ED performance differences were pre-
served following analysis of covariance with level of
education attained as the covariate.

The findings for the ID/ED task extend previous ob-
servations made on cocaine (crack) abusers and other
polydrug abuse groups. Rosselli and Ardila (1996)
however, found that neither perseverative nor non-per-
severative errors effectively distinguished their co-
caine-dependent and polydrug abusing groups. O’'Mal-
ley et al. (1992) found that their cocaine abusing group
performed more poorly on the Halstead Category Test,
which assesses abstracting ability. Press (1983) found
that the Luria-Nebraska Neuropsychological Battery
failed to differentiate deficits caused by cocaine use
from those of other psychoactive drugs. It is, of course,
possible that although both drugs are in the stimulant
class, chronic amphetamine abuse (as studied here)
produces different effects from those of chronic cocaine.

Impairments shown by the chronic amphetamine
group on other tests sensitive to fronto-striatal dysfunc-
tion, such as verbal fluency (FAS), the Tower of London
test of planning, spatial recognition, and the self-
ordered spatial working memory and visuospatial
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strategy tasks (see e.g., Owen et al. 1990, 1995b; Iddon et
al. 1998 and unpublished observations) were generally
less convincing. In some cases (e.g., spatial recognition,
verbal fluency) they did not survive analysis which
took into account years of education; in others (e.g.,
Tower of London test of planning) they were not selec-
tive to the amphetamine group, being also evident in
the chronic heroin abusers. On some measures, deficits
in the latter group were actually more prominent. For
example, unlike the amphetamine group, the chronic
heroin abusers showed impaired strategy on the spatial
working memory task (despite overall memory perfor-
mance being comparable to that of the amphetamine
abusers) and also showed no sign of improvement be-
tween stages 1 and 2 of the sequence generation task,
even from levels of performance comparable to those of
controls on stage 1. Thus, the greater deficits on the EDS
in the amphetamine group were evidently not a result
of greater overall intellectual deficit, as the heroin
group showed greater impairments in other domains.
These impairments included executive dysfunction in
the visuospatial domain, as well as the general learning
deficits seen on the visual discrimination tasks in the
ID/ED paradigm. The former results may stand in con-
trast to the general conclusion of previous studies (see
Introduction) that heroin abusers do not exhibit typical
frontal-executive deficits.

Some of our previous findings support the hypothe-
sis of frontal-executive dysfunction in chronic drug
abusers (Rogers et al. 1999b). A group of amphetamine
abusers, including many of those also tested here, were
impaired in several aspects of performance in a deci-
sion-making task, including the speed and quality of
decision-making. In contrast, a parallel group of heroin
abusers, also including many of those tested here, were
only significantly impaired in their speed of decision-
making. The pattern of deficits in the amphetamine
group matched those observed in a group of patients
with ventromedial, but not dorso-lateral or medial pre-
frontal damage. They also matched data obtained in
normal volunteers subjected to tryptophan depletion
procedure. Together, these results are consistent with
evidence that amphetamine abuse is associated with
loss of 5-HT from the orbitofrontal cortex (Wilson et al.
1996a). It is possible that the reductions in dopamine
transporter activity also seen in that group (c.f. Wilson
et al. 1996b) reflect some of the other impairments seen
in this study, for example given significant relation-
ships between striatal dopamine receptor binding and
some of the tests (e.g. Tower of London, visuospatial
strategy task) and in the present study (Lawrence et al.
1998).

One implication of these findings is that amphet-
amine and heroin abuse can lead to cognitive deficits
through lasting effects on cortico-striatal circuitry. This
conclusion is supported by the work of Volkow et al.
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(1997) on the response to stimulants such as meth-
ylphenidate in cocaine abusers, as well as by other
work suggesting significant cerebral hypoperfusion in
the periventricular, frontal and other neocortical re-
gions following cocaine abuse (e.g., Strickland et al.
1993).

The deficits described here may add to the burden of
rehabilitating both amphetamine and heroin abusers.
Thus, where there is evidence of specific cognitive im-
pairments in shifting behavior or in decision-making
(Rogers et al. 1999b) such deficits may exacerbate those
patterns of behavior leading to further drug abuse, per-
haps as ancillary neurotoxic consequences of drug
abuse. There is an extensive literature on neurotoxic ef-
fects of amphetamine and related drugs in experimen-
tal animals, although it can be questioned to what ex-
tent such toxicity might be expressed in human drug
abusers (Ricaurte et al. 1984; Ryan et al. 1990; Melega et
al. 1996). Nevertheless, recent studies (e.g., Robinson
and Kolb 1997, 1999) are now demonstrating appar-
ently long-lasting changes in dendritic branching in
brain regions such as the nucleus accumbens and pari-
etal and prefrontal cortex, of repeated injections of sin-
gle doses of morphine or amphetamine in ranges rele-
vant to reinforcing effects. Matching such patterns of
anatomical connectivity to similar brain changes in hu-
man drug abusers and associated, possibly drug-spe-
cific, changes in cognitive function is a target for future
research.
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