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Effects of Amphetamine on Visuospatial
Working Memory Performance in

Schizophrenia Spectrum Personality Disorder

Richelle M. Kirrane, M.B., M.R.C.Psych., Vivian Mitropoulou, M.A., Melissa Nunn, B.A.,
Antonia S. New, M.D., Philip D. Harvey, Ph.D., Frances Schopick, M.S.W.,

Jeremy Silverman, Ph.D., and Larry ]. Siever, M.D.

Our objective was to determine if amphetamine improves
visuospatial working memory, which is impaired in the
schizophrenia spectrum and may be modulated by dopamine
in prefrontal cortex. To this end, oral amphetamine (30 mg)
was administered to 12 patients with schizophrenia
spectrum personality disorders and 13 patients with other,
nonschizophrenia-related personality disorders.
Visuospatial working memory was assessed using the Dot
test; a test in which subjects are asked to memorize and
reproduce the position of a dot on a sheet of paper. Patients
with schizophrenia spectrum personality disorders
performed significantly worse than the comparison group in

the placebo condition and showed significantly greater
improvement after amphetamine, as compared to a
nonschizophrenia-related personality disorder comparison
group. Patients with greatest impairment at baseline
improved most. Amphetamine tended to improve negative
symptoms; whereas, positive symptoms remained
unchanged. Amphetamine may improve visuospatial
working memory in schizophrenia spectrum patients.
[Neuropsychopharmalogy 22:14-18, 2000] © 1999
American College of neuropsychopharmacology. Published
by Elsevier Science Inc.
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Cognitive impairment is a core abnormality found both
in schizophrenia and in schizophrenia spectrum and is
responsible for much of the functional impairment asso-
ciated with schizophrenia (Green 1996). Atypical anti-
psychotic medications may ameliorate some of the cog-
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nitive deficits associated with schizophrenia (Green et al.
1997), but the mechanism of their action is not entirely
understood. Improving cognitive function has important
treatment implications, because cognitive impairment in
schizophrenia may be a better predictor of daily func-
tioning than symptom severity (Green 1996). A critical
component of the cognitive dysfunction in both schizo-
phrenia and the schizophrenia spectrum, the prototype
of which is schizotypal personality disorder (SPD), is im-
paired working memory (Weinberger and Lipska 1995;
Lees Roitman et al. 1996; Park and Holzman 1992; Park
and McTigue 1997). Subjects with SPD (Lees Roitman et
al. 1996; Park and McTigue 1997), as do schizophrenic
patients (Park and Holzman 1992; Keefe et al. 1995), have
shown deficits on a visuospatial working memory task.
There have been studies investigating cognitive en-
hancement after the effects of amphetamine in schizo-
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phrenia with mixed results (Daniel et al. 1991; Goldberg
et al. 1991), but studies of schizophrenic patients may
be confounded by psychotogenic effects of amphet-
amine in this population and prior or concurrent long-
term administration of neuroleptic medications. SPD
patients are less susceptible to psychosis, less severely
ill, and less likely to have received antipsychotic medi-
cation and to have been institutionalized than patients
with chronic schizophrenia. Cognitive impairment in
SPD is less severe (Trestman et al. 1995) and may be
more easily reversible (Siegel et al. 1996). Thus, these
patients provide a unique population in which to evalu-
ate new pharmacologic strategies aimed at improving
cognition.

It seems that the schizophrenia spectrum may even
extend beyond the borders of the full criteria for SPD
(Siever et al. 1993). Family studies of schizophrenic pa-
tients have found attentional impairment in a Continu-
ous Performance Task in their nonpsychotic relatives
who do not meet full criteria for SPD (Keefe et al. 1997).
Moreover, we have previously reported (Trestman et al.
1995) impaired cognitive function in DSM-III SPD pa-
tients (where four out of eight criteria must be present
to meet the disorder; in contrast to DSM-III-R, where
five of nine criteria must be present). Furthermore,
there was no empirical basis for changing the threshold
of 5/9 criteria in DSM-III-; rather, this change was based
on the addition of a new criterion (LJS on DSM-III-R
and DSM-IV subcommittee on personality disorders).
In a reanalysis of cognitive performance on working
memory (DOT test; Keefe et al. 1995) and the Continu-
ous Performance Task (CPT-IP; Cornblatt et al. 1989)
patients meeting 4/9 SPD criteria and paranoid person-
ality disorder demonstrated impairment in these two
tasks similar to those seen in patients who meet 5/9 cri-
teria (i.e., full criteria for SPD in DSM-III-R) (Siever et
al, unpublished data). Moreover, there is evidence from
both phenomenologic and genetic data that link both
SPD and paranoid personality disorder to schizophre-
nia (Kendler and Diehl 1993; Battaglia et al. 1995),
whereas, there is conflicting evidence regarding the link
between schizoid personality disorder and schizophre-
nia (Kendler and Gardner 1997; Keefe et al. 1997). For
these reasons, we identified for this pilot study a
schizophrenia spectrum personality disorder group in
which patients met criteria for DSM-III-R SPD (n = 8);
or met criteria for DSM-III-R paranoid personality dis-
order and four criteria for SPD (n = 4). Patients were in-
cluded in the nonschizophrenia-related personality dis-
order group (n = 13) if they: (1) did not meet criteria for
SPD; (2) did not meet criteria for paranoid personality
disorder; and (3) met fewer than four criteria for SPD.
These patients met criteria for the following DSM-III-R
diagnoses: borderline personality disorder (n = 4); pas-
sive-aggressive personality disorder (n = 4); schizoid
personality disorder (n = 3); narcissistic personality
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disorder (n = 2); antisocial personality disorder (n = 2);
avoidant personality disorder (n = 2), and personality
disorder not otherwise specified (n = 2) (the numbers
add up to more than 13, because some patients met cri-
teria for more than one personality disorder).

Studies suggest that dopamine may be implicated in
the cognitive impairment of the schizophrenia spec-
trum. Working memory may be modulated by frontal
dopaminergic activity primarily via the D1 receptor
(Williams and Goldman-Rakic 1995). In schizophrenia,
decreased homovanillic acid (HVA) has been associated
with impaired cognitive performance (Kahn et al. 1994).
In SPD, decreased plasma HVA has been associated
with poor Wisconsin Card Sort Test (WCST) perfor-
mance (Siever et al. 1993), a test of frontal lobe dysfunc-
tion. Thus, frontal hypodopaminergia may play a role
in the pathogenesis of cognitive dysfunction in SPD, as
in schizophrenia (Siever et al. 1993).

Amphetamine releases monoamines, particularly
dopamine and norepinephrine, and blocks their re-
uptake. Preclinical studies show that moderate doses of
amphetamine mainly activate D1 receptors (Ferger et
al. 1994). In a previous study from our center, amphet-
amine improved WCST performance in SPD patients
(Siegel et al. 1996) [three of whom (one SPD patient) are
included in this report] . Working memory is one com-
ponent of the WCST, in that performance of a test of
verbal working memory (the Letter-Number span Test)
accounts for the differences between normal and
schizophrenic patients on the WCST (Gold et al. 1997).
In this study, we evaluate working memory specifically
and examine the effects of amphetamine on visuospa-
tial working memory in patients with schizophrenia
spectrum personality disorder. A measure of visuospa-
tial working memory that is an analog of the delayed
response test (Park and Holzman 1992) has been devel-
oped (The Dot test), and it has distinguished schizo-
phrenic patients from normal control subjects (Keefe et
al. 1995). This task involves a presentation of a dot at a
specific position on standard size paper; subjects are
then asked to reproduce it on a separate sheet. It is sim-
ple to administer, pharmacologic interventions on per-
formance can be evaluated, and in our laboratory, SPD
patients have shown impairment in this task, as
compared to controls (Lees Roitman et al. 1996). We
hypothesized that schizophrenia-related personality
disorder patients would demonstrate working memory
impairment (measured by increased distance error), as
compared to the nonschizophrenia disorder personality
disorder patients. We also hypothesized that schizo-
phrenia spectrum personality disorder patients” work-
ing memory would improve after amphetamine (as
measured by a reduction in their distance error), as
compared to placebo and to the nonschizophrenia-
related personality disorder group; furthermore, neither
group would evidence an increase in their psychotic-
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like symptoms after amphetamine; whereas, negative
symptoms would improve after amphetamine.

METHODS

We studied 12 schizophrenia spectrum personality dis-
order patients (9 M/3 F; age 39.0 = 10.5; education: 12.1 =
3.0), and 13 with nonschizophrenia-related personality
disorders (12 M/1 F; age: 44.3 * 5.6; education: 16.3 *
2.3) as defined above (p. 4). Patients were recruited
from the outpatient clinics of the Mount Sinai and
Bronx VA Medical Centers and diagnosed according to
DSM-III-R using the Schedule for Affective Disorders
and Schizophrenia and the Schedule for Interviewing
DSM-III-R Personality Disorders (k = 0.73 for SPD). Pa-
tients were medically healthy and free of psychoactive
medication for at least 2 weeks, and had no history of
substance dependence and no substance abuse in the
preceding 6 months. Written informed consent was ob-
tained, and all subjects participated as outpatients.

We administered amphetamine 30 mg/placebo in
double-blind randomized fashion, with protocols sepa-
rated by at least 2 days. Patients followed a low
monoamine diet for 3 days before the study and fasted
from midnight the night before. At 10 A.M. d-amphet-
amine 30 mg/placebo was given orally. One hour later,
the Dot test of visuospatial working memory was ad-
ministered, wherein subjects were shown a dot at a spe-
cific position on standard size paper presented in land-
scape position, and asked to reproduce it on a separate
sheet immediately and after a 30-second delay, with 14
trials for each condition. The distance in cm between
the drawn dot and the actual dot for immediate and de-
lay conditions was measured and averaged for each
condition; distance error was calculated as the 30-sec-
ond delay minus immediate condition for each study
day. Placebo- corrected performance was calculated as
difference between the distance error on drug day and
distance error on placebo day. The Positive and Nega-
tive Symptoms Scale (PANSS) was administered twice,
at 8:30 A.M. and 12 P.M. Amphetamine drug levels (ng/
ml; assayed by HPLC) were obtained at 12 p.M. and 1
p.M., and mean level is reported.

RESULTS

A repeated measures analysis of variance (ANOVA)
was conducted with diagnosis (schizophrenia spec-
trum, nonspectrum) as the independent variable and
amphetamine/placebo and delay condition (no delay,
30 s) as the within-subject factors.

The following statistically significant effects were de-
tected: (1) diagnosis (p < .02, where schizophrenia spec-
trum patients performed worse than nonspectrum pa-
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tients); (2) drug (p < .03, where amphetamine improved
performance as compared to placebo); (3) delay condi-
tion (p < .01, where the performance at the 30-s delay
was worse than the no delay condition) (see Table 1).
The most significant finding was a diagnosis by drug
by delay condition interaction, in that the schizophrenia
spectrum patients showed greater improvement after
amphetamine as compared to placebo in the delay con-
dition only (F[1,23] = 8.4, p < .01) as compared to the
nonschizophrenia spectrum patient control group.
Stated differently, the two groups differed on the
placebo corrected distance error (schizophrenia spec-
trum: —0.73 = 0.9; nonschizophrenia spectrum: 0.15 =
15;t = 2.83, n = 25, p < .02), where schizophrenia spec-
trum patients demonstrated a diminished distance
error after amphetamine as compared to placebo;
whereas, nonschizophrenia spectrum patients did not
essentially differ between amphetamine and placebo.
Placebo corrected distance error correlated inversely
with distance error on placebo day (r = —0.76,n = 25, p <
.001), indicating that the most impaired patients im-
proved the most. The correlation was still statistically
significant in the schizophrenia spectrum sample alone
(r = —0.76, n = 12, p < .01); whereas, it did not reach
significance in the nonschizophrenia spectrum sample
(r = —0.40, n = 13, p = ns). Placebo corrected distance
error was not significantly correlated with educational
level (pooled within group correlation coefficient r =
.32,df 22, p = ns), or age (r = —.14, df 22, p = ns).
Amphetamine improved negative symptoms in the
whole sample, as measured by the PANSS (pre: 11.6 =

Table 1. Visuospatial Working Memory Performance in
Schizophrenia Spectrum Personality Disorder and Control
Patients under Amphetamine and Placebo Conditions
(mean * SD)

Schizophrenia Nonschizophrenia
spectrum spectrum
patients patients

Position Error (cm) (n=12) (n=13)
Amphetamine
No delay 09*04 0.7x02
30 s delay 29+13 1.8 0.8
Placebo
No delay 09+03 09x03
30 s delay 36*+18 1.8 +1.0

Repeated measures ANOVA:
main effects: diagnosis (F[1,23] =7.6, p < .01); drug (F[1,23] =
6.0, p < .03); delay (F[1,23] =46.4, p < .001);
Interactions: diagnosis by delay (F[1,23] =7.7, p < .01);
diagnosis by drug by delay (F[1,23] = 8.4, p < 0.01)
Placebo corrected position error (cm) (i.e., distance error in drug
day — distance error on placebo day); distance error (i.e. 30 s
delay position error — no delay position error)

—-0.7x=09 01=x.1

t-test: £ =2.8, n =25, p <.02.
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4.6, post: 9.8 * 2.9; paired t-test: t = 2.3, df 22, p < .03).
Although not statistically significant in the SPD sample
alone, the finding in the whole sample seemed to be
largely attributable to the schizophrenia spectrum per-
sonality disorder patients, who improved more (post
minus pre: —2.1 * 4.2) than the nonschizophrenia spec-
trum patients (post minus pre: —1.5 * 3.1, p = ns). Pos-
itive symptoms remained unchanged in the whole sam-
ple (pre: 9.6 = 3.2, post: 9.8 £ 3.1; paired t-test: t = 0.9,
df 17, p = ns) and in each group (schizophrenia spec-
trum: pre: 11.2 + 4.0; post: 11.2 = 3.5; t = 0.8, p = ns;
nonspectrum pre: 8.5 = 2.3; post: 8.6 £ 2.5;t = 0.5,p =
ns); and no patient showed worsening of psychotic-like
symptoms. The mean amphetamine levels did not differ
between the two groups (schizophrenia spectrum: 67.8 +
14.8; nonspectrum: 60.0 = 15.0; t = 1.0, p = ns).

DISCUSSION

Abnormal visuospatial working memory has been re-
ported in the schizophrenia spectrum; in an overlap-
ping sample at our center, performance of 15 SPD pa-
tients on the Dot test was significantly impaired (Lees
Roitman et al. 1996). In this preliminary study, we have
shown a significant improvement in visuospatial work-
ing memory following administration of amphetamine
in patients with schizophrenia spectrum personality
disorder. This improvement might be secondary to an
amphetamine-induced increase in dopamine, possibly
acting at D1 receptors in the frontal cortex, because
frontal hypodopaminergia has been linked with im-
paired cognitive functioning in the schizophrenia spec-
trum, and amphetamine may act primarily at the D1 re-
ceptor (Ferger et al. 1994). Patients who were more
impaired at baseline showed greater amphetamine-
induced improvement, particularly within the schizo-
phrenia spectrum group. Although this improvement
may represent, in part, a regression to the mean, this
improvement may also be attributable to the differen-
tial amphetamine effect between schizophrenia spec-
trum patients who had greatest baseline impairment
and the comparison group. The significant correlation
in the schizophrenia spectrum, but not in the nonspec-
trum, patients is consistent with this possibility. These
spectrum patients might have a greater cortical dopa-
minergic deficit to begin with, and, thus, may benefit
more from amphetamine. It would be of interest to ex-
plore whether more specific D1 agonists would im-
prove cognition further in these patients.

Negative symptoms improved after amphetamine.
Larger samples are required to determine whether
schizophrenia spectrum personality disorder patients
improve more with regard to negative traits after am-
phetamine than nonspectrum patients, as suggested by
this data. Psychotic-like symptoms in the schizophrenia
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spectrum group did not worsen after administration of
amphetamine in contrast to schizophrenic patients who
experience a transient worsening of their symptoms
(see reviews by Angrist et al. 1980; van Kammen et al.
1982). We hypothesize this may be because schizophre-
nia spectrum patients release less dopamine after am-
phetamine as compared to schizophrenic patients
whose increased dopamine release correlates with the
worsening of their psychotic symptoms (Laruelle et al.
1996). We hypothesize that schizophrenia spectrum pa-
tients” dopamine release after amphetamine is similar
to normal subjects’ release after amphetamine consis-
tent with our pilot data measuring dopamine release af-
ter amphetamine via SPECT utilizing an IBZM dis-
placement paradigm (Koenigsberg et al. 1999).

These results invite replication; larger samples are
required to test the effects of other clinical and demo-
graphic variables adequately. Because our comparison
group did not have substantial cognitive impairment, it
cannot be determined whether amphetamine improves
cognitive impairment regardless of diagnosis: the close
association between cognitive impairment and SPD
traits suggests these two variables may represent the
same underlying pathology and, therefore, may not be
easily dissociable.

These findings may have important treatment impli-
cations, because patients with schizophrenia spectrum
disorders represent a unique population in which to
test the effects of such interventions that might improve
deficit symptoms and cognitive impairment. More spe-
cific agents need to be piloted in more sustained treat-
ment trials in the spectrum. The results of these studies
conducted in these spectrum patients, who seem to
have cognitive deficits that are somewhat less severe
and more readily reversible than those of schizophrenic
patients, may provide clues to new effective interven-
tions in patients with chronic schizophrenia.
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