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Obijective: Treatment efficacy in schizophrenia is typically defined in terms of symptom
reduction. However, new antipsychotic medications could potentially have an impact on as-
pects of disability, such as neurocognitive deficits. The authors evaluated the effects of risperi-
done on verbal working memory, a memory component of theoretical interest because of its
link to prefrontal activity and of practical interest because of its link to psychosocial rehabili-
tation. Method: Verbal working memory of 59 treatment-resistant schizophrenic patients was
assessed as part of a randomized, double-blind comparison of treatment with risperidone and
haloperidol. Verbal working memory was measured under both distracting and nondistracting
conditions at baseline and after 4 weeks of both fixed- and flexible-dose pharmacotherapy.
Results: Risperidone treatment had a greater beneficial effect on verbal working memory than
haloperidol treatment across testing conditions (with and without distraction) and study
phases (fixed and flexible dose). The treatment effect remained significant after the effects of
benztropine cotreatment, change in psychotic symptoms, and change in negative symptoms
were controlled. Neither benztropine status nor symptom changes were significantly related
to memory performance. Conclusions: Treatment with risperidone appears to exert a more
favorable effect on verbal working memory than treatment with a conventional neuroleptic.
The beneficial effect appears to be due, at least partially, to a direct effect of the drug, possibly
through antagonism of the 5-HT,, receptor. Results from this study suggest that pharma-
cotherapeutic efficacy in schizophrenia treatment could be broadened to include impact on

neurocognitive abilities.
(Am J Psychiatry 1997; 154:799-804)

f a schizophrenic patient enters a hospital hearing
voices and leaves the hospital without hearing voices,
that patient is usually considered to be a treatment suc-
cess. Pharmacotherapeutic efficacy for schizophrenia has
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almost exclusively been defined by symptom reduction.
However, schizophrenia is associated with disability
across a wide range of domains (e.g., neurocognition)
that are distinct from symptoms and could present a po-
tential target for pharmacotherapy. As a group, schizo-
phrenic patients have neurocognitive deficits in percep-
tion, memory, attention, and problem solving, among
others. Some of these neurocognitive deficits appear to
exact a toll in outcomes such as community functioning,
social problem solving, and psychosocial skill acquisition
(2). Presently, there is enthusiasm about the effectiveness
of new antipsychotic medications in the reduction of the
symptoms of schizophrenia, but do these new medica-
tions have any role in the treatment of schizophrenia’s
neurocognitive deficits?

Conventional neuroleptics with primary affinity for
the dopamine (D,) receptor have a minimal effect on
neurocognitive abilities. Acute administration of these
agents (i.e., less than 3 days) is sometimes associated with
a detrimental effect on visuomotor abilities and vigilance,
whereas chronic administration appears to be associated
with a beneficial effect on vigilance (reviewed in refer-
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ences 2 and 3). In general, conventional medications do
not yield consistent significant changes for most aspects
of neurocognition, including verbal working memory,
which is the focus of the current study.

Several published studies of the novel antipsychotic
agents have examined the neurocognitive effects of clo-
zapine. Of these studies, only one included a specific
measure of verbal working memory (4). Hagger et al.
administered a neurocognitive battery of tests after 6
weeks and 6 months of open-label clozapine treatment
and reported that clozapine had a detrimental effect on
performance on a measure of verbal working memory
(the consonant trigram test) at the 6-week, but not at
the 6-month, assessment. In terms of other types of
memory, clozapine does not appear to have a signifi-
cant effect on secondary memory (5, 6) but appears to
offer a beneficial effect on retrieval from semantic mem-
ory, as measured by verbal fluency (4, 5, 7). In general,
clozapine’s effects on most aspects of neurocognition
appear to be minimal.

With the rather limited effects of conventional neuro-
leptics and clozapine on neurocognition, it is natural to
wonder about the neurocognitive effects of other anti-
psychotic agents. Risperidone is a relatively new anti-
psychotic agent (8). In contrast to clozapine, risperi-
done has higher affinity for both D, and serotonin
(5-HT,p) receptors and lower affinity for cholinergic
(m1) receptors (9). The current study was conducted to
examine the effects of risperidone on a selected aspect
of neurocognition, verbal working memory.

Working memory involves the maintenance of infor-
mation “on line.” According to Baddeley’s model (10),
working memory has three components: a central execu-
tive that can manipulate information, and two “slave”
systems (an articulatory loop for maintenance of verbal
information and a visuospatial scratch pad for spatial in-
formation). In this report, verbal working memory refers
to the integrity of the articulatory loop—the type of
memory that would be used to accurately retain a new
telephone number long enough to make the call. Verbal
working memory was selected for both theoretical and
practical reasons. Human studies that used the lesion
method (11) and functional imaging technologies such
as positron emission tomography (12) and functional
magnetic resonance imaging (13) have confirmed that
measures of verbal working memory involve prefrontal
structures. Beyond the neuroanatomical relevance of work-
ing memory to schizophrenia, there is a pragmatic reason
for its selection. Verbal working memory, as measured in
the current study, is consistently associated with skill ac-
quisition in psychosocial rehabilitation programs (1).
Hence, a deficit in verbal working memory may act as a
neurocognitive rate-limiting factor for skill acquisition.

If risperidone has a beneficial effect on verbal working
memory performance, it could be mediated by direct or
indirect mechanisms. A direct mechanism would involve
an action of the agent itself on verbal working memory.
Although risperidone differs in several respects from con-
ventional antipsychotic medications, perhaps the charac-
teristic of greatest relevance to the current study is its
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rather substantial affinity for the 5-HT,, receptor. Under
certain conditions, 5-HT, antagonists can improve learn-
ing in laboratory animals (14).

Alternatively, an indirect mechanism would involve
an effect that was mediated by some aspect of risperi-
done treatment but not by risperidone per se. The most
obvious indirect mechanism would be the effect of
benztropine mesylate (Cogentin), a potent anticho-
linergic agent. Risperidone generally requires less
cotreatment with benztropine than haloperidol (8).
Benztropine and other anticholinergic agents have a
negative effect on performance on measures of secon-
dary memory, i.e., memory for lists of words and stories
that exceed the immediate memory span (15-18). Anti-
cholinergic effects on verbal working memory, how-
ever, are not consistent. Since verbal working memory
also can be associated with psychiatric symptoms (19-
21), another possible indirect mechanism on memory
performance would be through treatment-related
changes in symptoms. The present study was designed
to test whether risperidone has a greater beneficial ef-
fect on verbal working memory than a conventional
antipsychotic and whether this effect is mediated by di-
rect or indirect mechanisms.

METHOD

Design

The current report is part of a double-blind study of the efficacy,
side effect liability, and neurocognitive effects of risperidone versus
haloperidol therapy for treatment-resistant schizophrenia. The major
efficacy data from this study will be reported separately.

The study was conducted at two sites: the UCLA Clinical Research
Unit at Camarillo State Hospital and the West Los Angeles Veterans
Administration (VA) Medical Center. Written informed consent was
obtained from all participants; when a conservator was assigned, in-
formed consent was obtained from the conservator as well. Subjects
for the current study were 59 patients who met DSM-III-R criteria for
schizophrenia as determined by the Structured Clinical Interview for
DSM-11I-R (22). Interviewers were trained at the Diagnosis and Psy-
chopathology Unit of the UCLA Clinical Research Center for the
Study of Schizophrenia, and agreement for ratings of key psychotic
and mood items was good (minimum kappa=0.75). All patients were
considered treatment-resistant according to the criteria of Kane et al.
(23). Patients were excluded if they had experienced a period of good
functioning within the past 5 years, which was defined as a score on
the DSM-I1I-R Global Assessment of Functioning scale of 70 or
above. In addition, treatment-resistance criteria included at least
three 6-week treatment periods with neuroleptics from at least two
different classes (at doses of at least 1000 mg/day of chlorpromazine
equivalents) in the past 5 years that resulted in either no significant
symptomatic relief or an inability to tolerate such doses. Absence of
significant symptomatic relief was defined as either no or only slight
improvement that did not alter need for care of patient. All patients
also met symptom severity criteria at the initial screening that in-
cluded 1) total score of at least 45 on the 18-item Brief Psychiatric
Rating Scale (BPRS) (24); 2) minimum score of 4 on two of the fol-
lowing BPRS items: conceptual disorganization, suspiciousness, hal-
lucinations, and unusual thought content; and 3) Clinical Global Im-
pression (25) rating of at least 4.

Presence of the following resulted in exclusion from the study:
1) clinically significant neurologic disease (including seizure disorder)
as determined by physical examination, laboratory tests, and review
of medical history; 2) a history of head injury; 3) physical, cognitive,
or language impairment of such severity as to adversely affect the
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validity of clinical ratings; 4) a history of sub-
stance abuse, as defined by DSM-111-R, within the
past 6 months; 5) a previous trial of risperidone
that was sufficient to determine clinical response;
6) treatment with investigational drugs or cloza-
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FIGURE 1. Design of a Randomized, Double-Blind Study in Which 59 Treatment-Resis-
tant Schizophrenic Patients Were Given Risperidone or Haloperidol?
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During the study, patients could receive loraz-
epam, propranolol, or chloral hydrate as needed
but no other psychoactive medications. For pa-
tients who received lorazepam, testing occurred a
minimum of 10 hours after administration. Treat-
ment with benztropine was uncontrolled and left
to the discretion of the treating psychiatrist. In
four instances at the VA site, biperiden hydrochloride was substituted
for benztropine. For the purposes of analyses of covariance (ANCO-
VAS), the two agents were treated as identical.

Figure 1 depicts the study design. The study included a baseline
phase and two double-blind phases. Pharmacotherapy at baseline dif-
fered between the two sites. Baseline assessments at the state hospital
site were conducted while patients received 15-30 mg of haloperidol,
whereas baseline assessments at the VA hospital were conducted dur-
ing a lead-in period in which no medication was given. This difference
potentially could have increased the variability in the pooled cohort
at baseline but would have had little influence on any differential
treatment effects, since patients were randomly assigned to treatment
within each site. In the first of the double-blind phases—the fixed-
dose phase—patients received either risperidone, 6 mg/day, or halo-
peridol, 15 mg/day, for 4 weeks. For the following 4 weeks, the blind
was maintained, but the treating psychiatrists were able to adjust the
dose in either direction. After this flexible-dose phase, the blind was
broken, and patients who had been assigned to haloperidol were
given an opportunity to try risperidone.

Procedures

Psychophysiological and neurocognitive batteries were adminis-
tered at baseline, during the final week of the fixed-dose phase, and
during the final week of the flexible-dose phase. The current report
focuses on two indices of verbal working memory derived from the
Digit Span Distractibility Test (26). The test consisted of seven audio-
taped trials given under two conditions (with and without auditory
distraction). In the condition without distraction, subjects listened to
a woman recite six digits. The subjects wrote down the digits on an
answer sheet after the series was completed. In the distraction condi-
tion, the woman recited five target digits, but four distractor digits
spoken by a man were presented between each of the target digits.
Subjects were instructed to write down the digits spoken by the
woman and to ignore those spoken by the man. Time intervals be-
tween the target digits were identical in the two conditions. Trials
were mixed by condition and presented in a quasi-random sequence.
The conditions have been matched for mean difficulty and internal
consistency in normal subjects, and the proportion correct for each
condition served as the dependent measures.

Performance on the Digit Span Distractibility Test is usually associ-
ated with psychotic symptoms (19, 21) but also has been associated with
negative symptoms (20). For this reason, we created a global index of
psychotic and negative symptoms from two symptom indexes of the
BPRS (the thinking disturbance and the withdrawal/retardation in-
dexes) to determine whether verbal working memory performance was
associated with treatment-related changes in symptoms (27). Agreement
for ratings on a 24-item version of the BPRS (28) was good (minimum
intraclass correlation coefficient=0.80).

Statistical Analyses

The data analytic model was a 2x2x2 factorial repeated measures
ANCOVA. The dependent variable was change from baseline on the
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aDuring the fixed-dose medication phase, patients were randomly assigned to either ris-
peridone, 6 mg/day, or haloperidol, 15 mg/day. The blind was maintained during the
flexible-dose phase, but doses could be adjusted.

Digit Span Distractibility Test. The statistical model included one be-
tween-groups factor (treatment: risperidone versus haloperidol) and
two within-subject or repeated measures factors (dosage phase: fixed
versus flexible dose; and testing condition: distraction versus no dis-
traction). Baseline performance on the task was used as a covariate.
A second set of analyses was performed to evaluate whether ris-
peridone’s effects might be attributable to either a reduction in symp-
toms or to the cognitive effects of adjunctive benztropine treatment,
rather than to the intrinsic properties of risperidone itself. For these
analyses, three time varying covariates assessed at each phase were
added to the aforementioned statistical model: 1) a composite rating
of change in psychotic symptoms from baseline, 2) a composite rating
of change in negative symptoms from baseline, and 3) a dichotomous
variable that indexed the presence or absence of benztropine. This use
of covariance analyses was not intended to estimate what treatment
effects might be with equivalent benztropine administration in the
two groups. Rather, these analyses are comparable to stepwise regres-
sion in which the question is whether there are treatment effects over
and above those mediated by benztropine status (29). Subjects were
included if they had complete performance and symptom data at the
baseline and fixed-dose phases. Six patients were missing data from
the flexible-dose phase. For this reason, all analyses used a general
linear mixed model analysis of variance procedure, SAS PROC
MIXED (30). This method, which uses maximum likelihood methods
to estimate the parameters of the conventional ANCOVA model,
does not require complete cases (31). On the basis of preliminary
analyses that evaluated the appropriateness of several alternative
models for the covariance structure, compound symmetry was se-
lected as optimal. Site was not included in the statistical model be-
cause preliminary analyses revealed no meaningful differences be-
tween sites after baseline performance was included in the model.

RESULTS

Demographic variables for the 59 patients divided by
treatment group are listed in table 1. The two groups
were highly comparable in most respects, with no sig-
nificant differences on any of the variables. The per-
centage of men in each group was also similar (risperi-
done group: 80.0% [N=24]; haloperidol group: 86.2%
[N=25]). On the basis of data from the multisite Ameri-
can trials (8), we expected the groups to differ in the
proportion of patients who were receiving benztropine.
During the fixed-dose phase, 65.5% (N=19 of 29) of
the patients given haloperidol and 13.3% (N=4 of 30)
of the patients given risperidone were receiving benz-
tropine (x2=16.9, df=1, p<0.001).

The means for verbal working memory performance
under each test condition during both double-blind
phases are presented by treatment group in figure 2. An
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TABLE 1. Demographic Characteristics of 59 Treatment-Resistant
Schizophrenic Patients Treated With Risperidone or Haloperidol

Patients Given Patients Given

Risperidone Haloperidol
(N=30) (N=29)
Variable Mean SD Mean SD
Age (years) 41.47 9.75 39.86 8.16
Education (years) 12.30 2.68 12.32 1.87
Age at onset (years) 21.73 5.82 21.03 5.98
Chronicity? 19.73 9.58 18.71 7.84

8Measured as age minus age at first institutionalization.

ANCOVA revealed a significant effect of baseline (F=
50.09, df=1, 158, p<0.0001) and a significant effect of
treatment (F=10.63, df=1, 57, p<0.002). The effects of
time (fixed versus flexible dose) and test condition (dis-
traction versus nondistraction) were not significant.
None of the two- or three-way interactions among
treatment, time, and condition was significant with the
exception of condition by drug, which was marginally
significant (F=3.96, df=1, 158, p=0.048).

Regarding within-group changes, the risperidone-
treated patients showed a significant improvement
from baseline performance at both the fixed-dose
(t=3.98, df=158, p<0.0001) and flexible-dose (t=3.72,
df=158, p<0.0003) phases. The haloperidol-treated pa-
tients did not change significantly from baseline at
either phase. In fact, there was a slight decrease in per-
formance from baseline to the end of the flexible-dose
phase for this group. The risperidone-treated patients
increased their performance to roughly 70% correct for
both conditions. This level is still below the 82%6-84%
correct that has been reported for normal subjects (26).

To evaluate whether risperidone’s effects were direct
or indirect, we conducted the analyses with three co-
variates: benztropine status, change in psychotic symp-
toms, and change in negative symptoms. For these
analyses, the effect of baseline was significant (F=48.98,
df=1, 155, p<0.0001), and treatment was significant
(F=5.61, df=1, 57, p<0.03). No significant separate ef-
fects on performance were noted for benztropine status,
change in psychotic symptoms, or change in negative
symptoms.

After we controlled for benztropine and symptoms,
within-group changes from baseline were significant
for the risperidone-treated group for both the fixed-
dose (t=3.22, df=155, p<0.002) and the flexible-dose
(t=3.30, df=155, p<0.002) phases. The haloperidol-
treated group did not change significantly from baseline
at either phase.

DISCUSSION

The central conclusion from this study is that risperi-
done treatment had a more favorable effect on a key
component of verbal working memory (the articulatory
loop) than haloperidol treatment. When benztropine
status, change in psychotic symptoms, and change in
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FIGURE 2. Verbal Working Memory Performance of Treatment-Resis-
tant Schizophrenic Patients Given Risperidone or Haloperidol®

1.0 1 No Distraction
0.9 1
0.8 +

0.7 +

0.6 +

0.5+

PROPORTION CORRECT

0.4+

0.3

10T With Distraction

0.9 1

0.8 +

0.7 +

0.6 1+

0.5 +

PROPORTION CORRECT

—e— Risperidone

0.4 + - o - Haloperidol

0.3

Flexible
Dose

Fixed
Dose

Baseline

MEDICATION CONDITION

aFixed-dose phase: risperidone group, N=30; haloperidol group, N=
29. Flexible-dose phase: risperidone group, N=26; haloperidol group,
N=27.

negative symptoms were controlled, the treatment ef-
fect remained significant. None of the three covariates
was significantly related to performance.

Risperidone’s beneficial effect on verbal working
memory stands in contrast to the effects of other anti-
psychotic medications. Cassens et al. (2) reviewed seven
studies that evaluated the effects of conventional anti-
psychotic medications on other versions of the Digit
Span Distractibility Test. Six of the studies reported no
significant differences in performance across a range of
doses, and one study reported improvement. Among
the clozapine studies, the open-label study by Hagger et
al. (4) included an alternative measure of verbal work-
ing memory (the consonant trigram test). Six weeks of
open-label clozapine treatment had a detrimental effect
on performance. By 6 months the difference was non-
significant, since performance had almost, but not
quite, returned to baseline levels.

It is unlikely that the treatment effects on verbal
working memory can be explained by the administra-
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tion of as-needed medications. Chloral hydrate was
only given at night, and lorazepam was never given
within 10 hours of testing. Only eight patients received
propranolol during the fixed- or flexible-dose phase
(two in the risperidone group, six in the haloperidol
group). Propranolol’s effects on neurocognitive abilities
are thought to be minimal, if any (32).

Because the effect of treatment remained significant
after we controlled for benztropine status, change in
psychotic symptoms, and change in negative symp-
toms, and because these covariates did not have signifi-
cant effects of their own, it is difficult to explain risperi-
done’s effects entirely through indirect mechanisms.
Previous studies have shown benztropine to have a
negative effect on secondary (i.e., longer-term) verbal
memory in both normal subjects and patients. But ver-
bal working memory constitutes a different memory
system, and the effects of anticholinergic agents on this
type of memory are not well established. For example,
an earlier report failed to find any effects of scopola-
mine on verbal working memory (33). Perhaps most
relevant to the current discussion is a previous evalu-
ation of the effects of benztropine on Digit Span Dis-
tractibility Test performance after clinical state and
neuroleptic dose were controlled (17); a trend (p<0.10)
was revealed for an association between benztropine ef-
fects and the distraction, but not the no distraction,
condition.

The treatment effects on verbal working memory
were not explained by symptoms, either. In general,
previous studies of the symptom correlates of verbal
working memory have found quite modest associations
that are more consistent for psychotic than for negative
symptoms (19, 21). Despite modest cross-sectional cor-
relations between symptoms and verbal working mem-
ory performance, the finding that performance changes
occurred independently of symptoms supports the rela-
tive independence of these domains.

The results of the covariance analyses suggest that
the favorable effects of risperidone treatment on verbal
working memory are due, at least partially, to direct
effects of the drug. Risperidone differs from haloperi-
dol in a number of respects, but the feature of greatest
interest for the present discussion may be its higher 5-
HT,, receptor occupancy. The distribution of 5-HT,
receptors is noteworthy because their highest density is
in the frontal cortex, a region relevant to working
memory (14). In addition, data from animal studies
suggest a possible role of the 5-HT, receptor in mem-
ory. Agents that block 5-HT, receptors can either im-
pair or facilitate learning, depending on the conditions.
Specifically, if mice are trained on an avoidance task,
they show better retention of training if they receive
5-HT, antagonists either immediately after training or
immediately before a retention test. While it is unwise
to zealously extrapolate from a different species and a
different type of memory test, there is at least some
basis to expect that the 5-HT,, antagonism of risperi-
done could be mediating a beneficial effect on verbal
working memory.
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In this study there was an intentional focus on a single
neurocognitive construct, an approach typically used in
experimental psychology. The decision to systemati-
cally examine a single construct allowed us to explore
the direct and indirect medication effects in some detail.
However, the limitation of this approach is that we do
not yet know whether the treatment effects of risperi-
done are selective for this particular construct, or in-
deed for this particular measure. That issue will be re-
solved as more becomes known about risperidone’s
effects on other neurocognitive abilities.

The notion of efficacy in pharmacotherapy is typi-
cally used in a relatively restricted fashion. Primarily,
the term refers to reduction in psychotic symptoms.
With newer agents, negative symptoms have figured
prominently as part of treatment efficacy (8, 23). Symp-
tom reduction will remain the primary goal of pharma-
cotherapy in schizophrenia. Nonetheless, it may soon
be possible to broaden the notion of efficacy to include
amelioration of neurocognitive deficits. This issue has
been largely academic until recently, since neither con-
ventional agents nor clozapine has a substantial impact
on neurocognition. Why should reduction of neurocog-
nitive deficits become a goal of treatment? Evidence is
accumulating that shows that neurocognitive processes
are more closely associated with functional outcome
(e.g., community functioning, social problem solving,
and skill acquisition) than are psychotic symptoms (1).
These neurocognitive deficits may act as “rate limiting
factors™ that restrict the functional adaptation of the
patient. Improvement in these critical deficits could, at
least theoretically, translate into functional advantages
for patients. Hence, newer pharmacotherapies that re-
duce neurocognitive deficits could expand the narrow
goal of symptom reduction into a broader goal of dis-
ability reduction.
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