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Abstract

Cognitive enhancement has become an important target for drug therapies in schizo-
phrenia. Treatment development in this area requires assessment approaches that are 
sensitive to procognitive effects of antipsychotic and adjunctive treatments. Ideally, 
new treatments will have translational characteristics for parallel human and animal 
research. Previous studies of antipsychotic effects on cognition have relied prima-
rily on paper-and-pencil neuropsychological testing. No study has directly compared 
neurophysiological biomarkers and neuropsychological testing as strategies for assess-
ing cognitive effects of antipsychotic treatment early in the course of schizophrenia. 
Anti psychotic-naive patients with schizophrenia were tested before treatment with 
risperidone and again 6 weeks later. Matched healthy participants were tested over 
a similar time period. Test-retest reliability, effect sizes of within-subject change, and 
multivariate/univariate analysis of variance were used to compare 3 neurophysi-
ological tests (visually guided saccade, memory-guided saccade, and antisaccade) with 
neuropsychological tests covering 4 cognitive domains (executive function, attention, 
memory, and manual motor function). While both measurement approaches showed 
robust neurocognitive impairments in patients prior to risperidone treatment, oculo-
motor biomarkers were more sensitive to treatment-related effects on neurocognitive 
function than traditional neuropsychological measures. Further, unlike the pattern of 
modest generalized cognitive improvement suggested by neuropsychological measures, 
the oculomotor findings revealed a mixed pattern of beneficial and adverse treatment-
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related effects. These findings warrant further investigation regarding the utility of 
neurophysiological biomarkers for assessing cognitive outcomes of antipsychotic treat-
ment in clinical trials and in early-phase drug development. 

Keywords: Schizophrenia; Neuropsychology; Antipsychotics; Oculomotor; 
Cognition

1.  Introduction

Neurocognitive deficits are core features of schizophrenia that cause consider-
able long-term disability (Bilder et al., 2000; Hill et al., 2004). Consequently, 
the amelioration of cognitive deficits has become a major focus of new drug 
development for schizophrenia (Green & Nuechterlein, 1999; Buchanan et 
al., 2005). Traditional neuropsychological approaches and cognitive neuro-
science/neurophysiological methodologies represent 2 different approaches 
for characterizing cognitive deficits in schizophrenia and the impact of anti-
psychotic treatment on cognitive processes. The relative benefits and disad-
vantages of each approach are not well characterized because very few studies 
evaluating the cognitive efficacy of antipsychotic treatments have included 
both neurophysiological biomarkers and traditional neuropsychological tests 
as outcome measures. Comparative evaluation of neuro physiological and 
neuropsychological assessments is important because of the urgent need for 
informative and efficient assessment of neurocognitive outcomes in clinical 
trials.

Most studies of cognitive outcome in schizophrenia have utilized clini-
cal neuropsychological tests for evaluating treatment-related effects (Hill et 
al., 2004; Purdon et al., 2000). The neuropsychological approach typically 
uses standardized clinical tests with normative data that permit direct test-
by-test comparison with population expectations. Neuropsychological tests 
are often multidimensional, relying on numerous cognitive processes, so 
as to efficiently identify patients with abnormalities in one or more brain 
regions. Neuropsychological studies have been instrumental in conceptual-
izing schizo phrenia as a brain disorder and has spurred interest in cogni-
tive aspects of the disorder and associated morbidity. Indeed, much of the 
emphasis on cognitive enhancement in schizophrenia has resulted from stud-
ies demonstrating a significant relationship between neuropsychological and 
functional deficit (Green, 1996). Neurocognitive impairments are now well 
recognized to have implications for treatment planning and course of illness 
(Green & Nuechterlein, 1999). 
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There are clear advantages to the neuropsychological approach, especially 
in large multisite clinical trials, such as ease of use, portability, established 
reliability and normative data, availability of psychologists experienced with 
such testing, low cost, and few technology requirements. However, against a 
background of clinical improvement, a somewhat surprising finding across 
neuropsychological studies of antipsychotic drugs has been the modest and 
generalized improvement in performance that is similar in overall magnitude 
to practice effects seen in healthy individuals (Buchanan et al., 1994; Rollnik 
et al., 2002). While this modest level of improvement may be greater with 
atypical antipsychotics, compared with conventional neuroleptics, the profile 
of change is similar (Bilder et al., 2002; Purdon et al., 2000). These findings 
suggest that the procognitive effects of available antipsychotic treatments are 
either quite modest or that the clinical neuropsychological “assay” may be 
a weak approach for detecting change in brain function and cognition over 
time. 

By comparison, neurophysiological biomarker approaches test highly 
specific cognitive processes that have been linked to specific regional brain 
function and transmitter systems. One strength of the biomarker approach 
is greater ease for parametric manipulation of tasks to isolate component 
cognitive processes. This approach espouses experimental investigation of 
physiological processes by utilizing theoretically based manipulation of an 
experimental parameter to produce and evaluate pharmacological effects 
on those processes. In this manner, the biomarker approach has closer ties 
to animal models, and, by virtue of closer links to brain physiology, this 
approach may be more sensitive to pharmacologic manipulations than 
behavioral approaches. By way of comparison, it is important to note that 
while neuropsychological studies have shown a generalized picture of cogni-
tive improvement after antipsychotic treatment, animal models typically 
show a more circumscribed impact of dopaminergic drugs on cognitive and 
motor abilities (Arnsten, 1998; Ragozzino, 2002). Specifically, behavioral 
pharmacology studies have shown specific negative neurocognitive effects 
of dopaminergic drugs such as declines in executive abilities following pre-
frontal dopamine depletion (Brozoski et al., 1979) and after disruption of 
thalamocortical circuitry via D2 blockade (Arnsten et al., 1995). 

Recent efforts by the NIMH-MATRICS program to develop a stand-
ard for industry-sponsored trials evaluating cognition-enhancing treatments 
in schizophrenia have focused primarily on tests with a long history in clini-
cal neuropsychology (Buchanan et al., 2005). While the neuropsychological 
approach has provided much of the impetus for bringing cognition into focus 
as a treatment target, the utility of neuropsychological methods for detecting 
treatment-related responses may be constrained by psychometric properties 
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that limit differential sensitivity to subtle dysfunction (ceiling effects) and 
severe deficits (floor effects) as well as variability in measurement reliability 
and sensitivity to drug effect (Chapman & Chapman, 1973; Strauss & Sum-
merfelt, 1994). 

The advancement of treatment for cognitive deficits in schizophrenia 
has come to a critical juncture. Because new drugs are developed for this pur-
pose, efficient and valid tools to evaluate procognitive pharmacotherapies are 
needed to accelerate the development of effective cognition-enhancing treat-
ments for schizophrenia to reduce the personal and societal burden associated 
with cognitive deficits. In some settings, neurophysiological biomarkers have 
been reported to be more sensitive to drug effects than neuropsychological 
tests (Barrett et al., 2004; Burke & Reveley, 2002). Therefore, this study 
was designed to directly compare the differential sensitivity of oculomotor 
paradigms and neuropsychological tests with risperidone treatment. 

A major strength of the cognitive neuroscience/neurophysiologi-
cal approach is the foundation in animal models linking discrete cognitive 
processes to specific brain region and receptor systems. Behavioral pharma-
cology research has clarified the effects of certain drugs on specific func-
tional brain systems, and these findings can be used to guide predictions 
and interpretation of drug effects in humans. Oculomotor studies have a 
rich tradition in nonhuman primate research that has a close homology to 
cognitive processes and their neurobiological substrates in humans. Whereas 
our neuropsychological studies have shown little or no cognitive change 
associated with antipsychotic treatment (Hill et al., 2004; Schuepbach et 
al., 2004), oculomotor studies with overlapping samples treated with risp-
eridone have revealed both beneficial and adverse treatment-related effects 
(Harris et al., 2006; Reilly et al., 2006). The present report directly com-
pares the sensitivity and reliability of neuropsychological data and oculomo-
tor biomarkers with regard to monitoring cognitive effects of risperidone 
in a sample of antipsychotic-naive, first-episode schizophrenia patients.  

2.  Method

2.1. Participants

Following evaluation for first-episode psychosis, 29 antipsychotic-naive 
patients (18 male, 11 female) were recruited at the University of Pittsburgh 
Medical Center. All patients met criteria for schizophrenia based on the 
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Structured Clinical Interview for Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition (SCID) (First et al., 1997). A sample of 26 healthy 
individuals (17 male, 9 female) recruited from the community were free 
from any Axis I diagnosis based on SCID. As shown in Table 1, groups were 
matched on age, sex, parental socioeconomic status, and estimated intellec-
tual abilities (Ammon Quick Test, Ammons & Ammons, 1962). All partici-
pants were free of substance abuse within the last 3 months, a lifetime history 
of substance dependence, and history of neurological disease including head 
injury with loss of consciousness or systemic disorders known to affect brain 
function. The study was approved by the University of Pittsburgh Institu-
tional Review Board, and all participants provided written consent. 

Data from each test has been presented previously in detailed reports 
(Hill et al., 2004; Harris et al., 2006; Reilly et al., 2006). The current patient 
and healthy groups differed somewhat from those used in previous reports 
in that the sample for this report was restricted to participants who had 
completed all neuropsychological and eye movement tests of interest so that 
cross-test comparisons could be made with the same subjects. The patient 
sample was further restricted to those treated with risperidone monotherapy. 
Thus, a core sample of about two thirds of the data previously reported (Hill 
et al., 2004; Harris et al., 2006; Reilly et al., 2006) were included in this 
report. 

Selection of outcome variables was challenging given the wide range 
of oculomotor and neuropsychological impairments linked to schizophrenia. 
Outcome variables in the present study were limited to a number of key 
outcome variables (scored in the same manner as noted in prior reports (Hill 
et al., 2004; Harris et al., 2006; Reilly et al., 2006) that characterize core 
neuro psychological and oculomotor deficits. 

Clinicians blind to neurobehavioral findings assessed clinical symp-
tomatology in the patient group using the Brief Psychiatric Rating Scale 
(BPRS), the Scales for the Assessment of Negative and Positive Symptoms, 
and the 24-item Hamilton Depression Rating Scale (see Table 1). 

Medication and dosage decisions were made by the treating psychiatrist 
based on clinical efficacy and tolerance of side effects. Following all baseline 
neuropsychological, oculomotor, and clinical assessments, patients began 
treatment with risperidone (4.13 mg/day ± 1.39). Follow-up assessments 
were conducted approximately 6 weeks later. Just 4 patients were prescribed 
low-dose benztropine (1 or 2 mg) at the 6-week follow-up, and ratings of 
extrapyramidal symptoms (McEvoy et al., 1991) were minimal (3.77 ± 
4.52). 
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2.1. Neuropsychological evaluation

The neuropsychological battery included 8 tests characterizing 4 commonly 
assessed cognitive domains (executive function, attention, memory, and 
motor skills). Table 2 lists the individual scores within each neuropsycho-
logical domain for patients and healthy individuals. With the exception of 
alternate forms of the California Verbal Learning Test, the same tests were 
administered at follow-up. There was no discernable relationship between 
neuropsychological and oculomotor measures for either patients or healthy 
individuals. 

2.2. Eye movement studies

Participants were tested alone in a darkened black room free from extrane-
ous stimuli that could interfere with performance on eye movement tasks. 
Detailed methods for data acquisition and processing have been published 
previously (Harris et al., 2006; Reilly et al., 2006). 

2.3. Visually guided saccades

This task is used to evaluate visual orienting and allocation of attention across 
the visual field by measuring saccadic eye movements to the appearance of 
unpredictable peripheral targets. Electrooculography recordings of saccades 
were acquired for 54 trials as targets stepped 10°, 20°, or 30° of visual angle 
from center fixation. Saccade latencies (milliseconds) and gain (amplitude of 
saccade divided by target displacement) were selected for analysis. 

2.4. Antisaccade task

The aim of this task is to evaluate the ability of participants to suppress the 
natural tendency to look toward unpredictable peripheral targets when they 
appear and instead voluntarily shift attention and point of gaze to another 
location. Targets were presented at one of 6 locations (8°, 16°, or 24° to the 
left or right of center fixation) while participants maintained center fixation. 
The instructions were to look to the mirror location of the target on the 
other side of the visual field. Thirty-six trials were administered. The propor-
tion of successfully performed trials and the response latency for successful 
trials were obtained. 
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2.5. Memory-guided saccade task

This working memory task is used to evaluate the ability to remember the 
spatial location of targets over brief periods of time. While participants main-
tained central fixation, peripheral targets appeared for 100 milliseconds at 9°, 
18°, or 27° of visual angle to the right or left of center. 

Participants were instructed to maintain central fixation during delay 
periods of 1, 2, 4, or 8 seconds, after which the central light was extinguished, 
signaling the participant to look to the remembered target location. Two pri-
mary measurements of performance accuracy were obtained over 24 trials: 
(1) gain (amplitude of saccade divided by target displacement) of the initial 
saccade to the remembered target location and (2) error of the final resting 
eye position (in degrees of visual angle from target) after any additional sac-
cades were made to shift gaze to the remembered location. 

2.6. Data analysis

Performance was pooled over all trials in each oculomotor paradigm to focus 
statistical analyses on group differences and the differential change over time 
in the 2 groups. Arcsine transformations for proportional data and natural 
logarithm transformations for reaction time data were used for computing 
intraclass correlations (ICCs) and effect sizes. To evaluate the sensitivity of 
each approach, omnibus 2-way (group by time) repeated measures multivari-
ate analysis of variance (MANOVA) was conducted separately for neuropsy-
chological and oculomotor measures. A significant group by time interaction 
would indicate a treatment-related effect that differs from practice effects in 
healthy individuals. To clarify any significant omnibus multivariate interac-
tions, univariate analysis of variance was computed for each dependent vari-
able. To further explore the differential sensitivity of neuropsychological and 
oculomotor measures, between-group effect sizes were computed to quantify 
disease effects. It is unclear whether measures with large or small effect sizes 
for disease-related deficits will be more sensitive to treatment-related effects. 
Thus, we calculated orthogonal within-group effect sizes to evaluate change 
over time, independent of magnitude of patient impairment. Within-group 
effect sizes were averaged for neuropsychological and oculomotor measures 
to contrast their relative sensitivity to treatment-related effects. 
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3.  Results

3.1. Clinical features

After treatment, patients showed clinical improvement reflected in reduced 
BPRS scores, positive symptom ratings, and negative symptom ratings (see 
Table 1). There was no relationship between symptom change and oculomo-
tor or neuropsychological change. Medication dose and change in positive 
symptoms were not significantly correlated with changes in oculomotor or 
neuropsychological measures. 

3.2. Group by time effects

Table 2 lists the means and SDs of test performance for both the baseline and 
6-week follow-up assessments. Two-way repeated measures MANOVA was 
completed separately to evaluate the differential sensitivity of neuropsycho-
logical and oculomotor measures to treatment with risperidone. Specifically, 
we reasoned that the group by time interaction and the effect size for this 
term indicated the relative sensitivity of assessment approaches to treatment-
related effects. For oculomotor measures, results indicated significant main 
effects for group (F(6,46) = 5.18, P < .001) and time (F(6,46) = 5.82, P 
< .001) as well as a significant group by time interaction (F(6,46) = 4.32, P 
< .01). Results of the 2-way MANOVA for neuropsychological tests indi-
cated significant main effects for group (F(12,32) = 4.26, P = .001) and time 
(F(12,32) = 4.07, P = .001) but a nonsignificant group by time interaction 
(F(12,32) = 1.71, P = .11). Thus, level of neuropsychological impairment 
relative to healthy individuals was consistent over time despite hospitaliza-
tion and pharmacological intervention. Results of these omnibus repeated 
measures MANOVA indicated a significant time by group interaction for 
oculomotor but not neuropsychological measures, suggesting that oculomo-
tor measures were more sensitive to the neurocognitive effects of risperidone 
treatment. To clarify the significant multivariate interaction term for ocu-
lomotor measures, a series of univariate repeated measures ANOVAs were 
completed for eye movement tests. Results are shown in Figure 1 and illus-
trate the significant group by time interactions in 4 of 6 oculomotor vari-
ables, after correcting for multiple comparisons (Hochberg, 1998). Observed 
effect sizes for the univariate group by time interactions are an indicator of 
the relative sensitivity to treatment-related effects and clearly favor the oculo-
motor measures. Effect sizes for these 2-way ANOVA (Cohen, 1988) ranged 
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from near zero for antisaccade variables to small for visually and memory-
guided saccade variables. On the other hand, the nonsignificant omnibus 
MANOVA indicated that comparable effect sizes for the neuropsychological 
measures were near zero. 

3.3. Effect size of baseline differences and treatment-related effects

Between-group comparisons at baseline. The relative sensitivity of each per-
formance parameter to illness effects was assessed via between-group effect 
size comparisons, while comparisons of within-group effect sizes assessed 
treatment-related effects (Cohen’s d 38 was used for both within- and between-
group comparisons: small effects <– 0.20, medium 0.20 to 0.50, and large 
≥ 0.80). Figure 2 illustrates the magnitude of patient deficits before and after 
treatment, relative to healthy participants. Neuropsychological deficits (0.91 
± 0.40) were numerically but not significantly larger than oculomotor deficits 
(0.60 ± 0.39) at baseline, F(1,16) = 2.44, P = 14. With a few minor excep-
tions, the between-group effect size estimates prior to treatment revealed a 
generally flat profile of moderate to large neuropsychological impairments 
across domains. In contrast, performance deficits for oculomotor measures 
varied considerably in magnitude at the baseline testing. On the visually 
guided saccade task, patients showed latency differences that were modest in 
magnitude and no impairment in saccade accuracy. Antisaccade deficits were 

Figure 1. Modification effects on oculomotor/neuropsychological measures
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large and more consistent with the level of neuropsychological impairment. 
Patients displayed relatively small effect sizes for impairments in the accuracy 
of memory-guided saccades. 

Figure 2. Oculomotor performance as a function of pre- and post-treatment
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Figure 3. Modification effects on oculomotor/neuropsychological measures
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Within-group comparison of change over time. A second set of effect size esti-
mates were obtained to assess treatment-related effects by comparing baseline 
and follow-up performance separately for each group. That is, for patients, 
within-group effect size estimates reflect a combination of practice effects, 
drug effects, and general clinical stabilization. In the absence of an active 
treatment, the same effect size most likely represents practice effects in the 
healthy group. 

Thus, the discrepancy between practice effects in healthy individuals 
and the combination of practice effects with pharmacological effects and 
clinical stabilization in patients provides a general index of treatment-related 
effects. As illustrated in Figure 3, oculomotor measures were more sensitive 
to the effects of risperidone treatment than neuropsychological measures. 
The schizophrenia group showed significantly more change (F(1,16) = 4.65, 
P < .05) on oculomotor measures (0.41 ± 0.18) compared with neuropsy-
chological test scores (0.22 ± 0.16) in terms of the average absolute value of 
within-subject effect sizes. In contrast, healthy controls showed similar levels 
of change across the 2 testing sessions (F(1,16) = 0.01, P = .92) for both 
oculomotor (0.30 ± 0.24) and neuropsychological variables (0.31 ± 0.16). It 
is noteworthy that the practice-related neuropsychological change in healthy 
participants was not greater (F(1,22) = 0.68, P = .42) than the change in neu-
ropsychological performance exhibited by patients based on the combined 
factors of practice effects, clinical stabilization, and procognitive therapeutic 
efficacy of risperidone. 

Both groups showed similar levels of change over time on the antisac-
cade task suggesting that effects of acute risperidone treatment were no 
greater than practice effects seen in healthy individuals on this task. Effects 
on visually guided saccades were complicated in that patients showed abnor-
mally speeded latencies prior to treatment, whereas a slowing in reaction 
time was observed, in which patients were slower than healthy participants, 
following treatment and clinical stabilization. The schizophrenia group also 
showed a modest (2.04%) but consistent decline following treatment in the 
gain (or accuracy) of visually guided saccades. Whereas healthy participants 
showed reduced spatial error of responses on the memory-guided saccade 
task over time, patients showed less accurate responses following treatment 
(which were not due to anticholinergic effects (Reilly et al., 2005). 

Effect size (d ) estimates for treatment-related neuropsychological change 
over time revealed small effects for 10 of 12 variables. Patients showed mod-
erate change (Cohen’s d > .50) for just 2 variables including improvements 
for Verbal Fluency and Trails B. In both cases, mean change for the schizo-
phrenia group (Trails B: 14.48% faster, Verbal Fluency: 13.20% more words) 
was somewhat greater than the practice effects exhibited by the healthy 
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group (Trails B: 6.96% faster, Verbal Fluency: 2.57% more words). While 
the 2-way repeated measures MANOVA for neuropsychological tests indi-
cated that these changes were not statistically significant, the Verbal Fluency 
increase was consistent with clinical trial data showing a significant increase 
in Verbal Fluency following treatment with risperidone (Fagerlund, 2004; 
Harvey et al., 2005). At retest, healthy participants showed medium effect 
sizes for change at retest (> .50), indicating significant practice effects for 
the Stroop and speeded manual dexterity (Trails A) tests. Again, MANOVA 
results indicated that prior test taking did not benefit patients at follow-up, 
and it is possible that any expected practice effects for patients in these areas 
could be limited by their psychiatric disorder or attenuated by treatment 
initiation. 

3.4. Test-retest reliability

One approach for evaluating performance consistency is assessment of reli-
ability such as ICCs. This is a conservative approach to estimating reliability 
in a treatment context because ICCs are reduced by both shifts in mean 
group performance over time and measurement error. Despite these limita-
tions, we reasoned that direct comparison of assessment approaches using 
ICCs was informative as one strategy for comparative evaluation of the 2 
cognition assessment strategies (rather than comparing reliability between 
groups). As can be seen in Table 2, performance on oculomotor measures 
was generally more consistent over time compared with neuropsychological 
measures, particularly for the healthy comparison group. This may reflect a 
restricted range on some variables such that the rank-order of distributions 
lacked consistency over time. For this reason, a Spearman rank-order correla-
tion was used to provide an additional estimate of reliability by assessing the 
degree to which rank-order of distributions held up over time. Rank-order 
correlations (Table 2) were consistent with ICC estimates of reliability as well 
as previously published visually guided saccade findings (Flechtner, 2002; 
Sweeney, 1997). The lower reliability on neuropsychological measures in the 
healthy group may reflect a tendency for increased practice effects in which 
learning to perform the tests during the first administration is carried over to 
the next administration resulting in greater changes in performance at retest. 
In contrast, the likelihood of learning within or between oculomotor testing 
sessions may be lower. 
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4.  Discussion

The current findings represent the first effort to directly compare perform-
ance on neuropsychological tests with neurophysiological biomarkers in 
terms of temporal reliability and sensitivity to neurocognitive effects of clini-
cal stabilization and treatment with an antipsychotic medication in previously 
untreated schizophrenia patients. Both ANOVA and effect size comparisons 
indicate that oculomotor measures are more sensitive to select neurocogni-
tive effects of risperidone treatment than neuropsychological tests. Indeed, 
multivariate and univariate ANOVAs revealed that treatment-related effects 
in patients differed significantly from practice effects in healthy individuals 
for both visually guided and memory-guided saccade tasks, whereas change 
in patient performance did not differ from practice effects in the healthy 
sample on antisaccade or neuropsychological tests. Furthermore, as can be 
seen in Figure 3, within-subject effect sizes showed that healthy individu-
als actually improved over time on several neuropsychological tests due to 
practice effects at a level that was unmatched by the schizophrenia group. 
Although effect sizes were consistent with those reported in meta-analytic 
studies and larger multisite studies reporting modest generalized neuropsy-
chological improvements (Harvey et al., 2000; Keefe et al., 1999; Johnson-
Selfridge & Zalewski, 2001; Woodward et al., 2005), neuropsychological 
change in patients after risperidone treatment was not statistically signifi-
cant. 

Against a background of limited neuropsychological change among 
patients treated with risperidone, more robust neurocognitive changes were 
observed for oculomotor paradigms. Oculomotor measures showed a pat-
tern of both beneficial and adverse treatment-related effects characterized by 
(a) slowing of response latency from speeded pretreatment visually guided 
saccades and modest reductions in the precision of motor control, (b) mini-
mal treatment-related effects on inhibitory behavioral control (as evidenced 
by similar practice effects for both groups on the antisaccade task), and (c) 
adverse effects on working memory in terms of reduced ability to remem-
ber spatial location information over time. The treatment-related effects 
observed in this study are not confounded by the potential adverse effects or 
loss of beneficial effects from prior treatment because the patient sample was 
antipsychotic naive and unmedicated at baseline. 

The greater sensitivity of neurophysiological biomarkers to cognitive 
changes after treatment with an atypical antipsychotic is consistent with other 
studies providing growing support for the use of such outcome measures in 
schizophrenia research (Braff & Light, 2004). For example, in a recent study, 
risperidone treatment was associated with oculomotor changes in a chronic 
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schizophrenia sample, whereas no drug effect was observed on the Cambridge 
Neuropsychological Test Automated Battery computerized cognitive battery 
(Barrett et al., 2004).

4.1. Links to animals models

Neuropsychological studies indicated a picture of modest generalized cogni-
tive change after antipsychotic treatment. In contrast, the oculomotor find-
ings presented in this report were more consistent with behavioral pharma-
cology and animal models showing a mixed pattern of adverse and beneficial 
cognitive effects for pharmacological treatments targeting specific receptors 
(Murphy et al., 2005; Strauss & Summerfelt, 1994). Indeed, the present 
findings showed not only slow increased sensitivity of oculomotor variables 
to risperidone treatment but also a distinct pattern of effects that differenti-
ated effects on frontal lobe systems. That is, voluntary response inhibition, as 
measured by antisaccade latency and accuracy, was unaffected by treatment 
in our sample at the 6-week follow-up (yet, antisaccade latency and error 
rates gradually improved when participants were followed out 1 year) (Harris 
et al., 2006), while performance on the oculomotor delayed response task 
showed an adverse response of spatial working memory systems to risperi-
done treatment. 

Studies using visually guided saccade paradigms to assess treatment-
related effects have reported reduced peak saccade velocity, reduced accuracy, 
or increased response latencies after treatment with a wide range of atypical 
antipsychotics (Reilly et al., 2005; Sweeney et al., 1997; Broerse et al., 2002; 
Straube et al., 1999). Effects of typical and atypical antipsychotics on volun-
tary response inhibition, as measured by antisaccade task performance, were 
initially characterized as neutral (Muller et al., 1999; Crawford et al., 1995). 
However, more recent studies have shown beneficial treatment-related effects 
of typical and atypical antipsychotics characterized by reductions in prosac-
cade error rates and response latencies (Gooding et al., 2004; Hutton et al., 
1998). In contrast to some early reports, there is recent evidence suggesting 
that atypical antipsychotic treatment may be associated with adverse effects 
on working memory in schizophrenia (Reilly et al., 2006; Broerse et al., 
2002; Honer et al., 2006). 

Potential explanations for the greater heterogeneity of responses in the 
oculomotor data are complicated because discrete neural systems support 
each of these behaviors, as is discussed in detail in previous papers focused on 
effects present with each of the tasks (Harris et al., 2006; Reilly et al., 2006). 
Briefly, the changes associated with visually guided saccades are well repli-
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cated and may provide a sensitive measure of psychomotor slowing effects 
associated with antipsychotic treatment. With regard to the memory-guided 
saccade effect, which we recently replicated in an independent sample (Reilly 
et al., 2007), this measure has been used by the Yale group to investigate 
drug effects on spatial working memory systems in nonhuman primates 
(Arnsten et al., 1994). Via reduction of thalamocortical drive, effects on D1 
receptor expression, or other mechanisms, antipsychotics reduce sustained 
firing of prefrontal neurons believed to support the ability to maintain spatial 
information over time, with consequent adverse effects on working memory 
performance (Arnsten et al., 1994). There are weaker “a priori” predictions 
about drug effects on antisaccades. On clinical grounds, one might expect 
improvement on a test of the voluntary control of behavior, but changes were 
modest relative to those of healthy subjects. 

Interpretation of this effect remains unclear. The similar change over 
time might reflect similar practice effects in patients and controls. How-
ever, if schizophrenia or acute psychosis were to reduce practice effects, the 
improvement in patients may also reflect some improvement in cognitive 
ability. Such questions are difficult to resolve using behavioral data alone. 

The current findings support the notion that neurophysiological 
biomarkers, which are rooted in cognitive neuroscience and more directly 
linked to animal models, may be more sensitive to cognitive changes after 
antipsychotic treatment than standard neuropsychological tests. There are 
several factors that could account for this difference. First, clinical neuropsy-
chological tests often simultaneously evaluate multiple discrete cognitive 
processes that require integration of a wide range of distributed processing 
modules. If the integrity of one component is compromised or improved, the 
remaining components may or may not be similarly effected and such tests 
may not be as sensitive to drug effects relative to tests which directly assess 
the neural systems supporting a neurocognitive process that is targeted by 
treatment. Second, psychometric issues may play a role. 

Psychological batteries such as intelligence tests are often designed to 
have greater discriminative power around the normative mean, with progres-
sive reduction in discriminative power further from the population mean. 
On most neuropsychological measures, patient performance is typically well 
below the population mean and therefore such tests may have reduced dis-
criminative power to detect cognitive changes at the extremes. This problem 
is less pronounced with oculomotor measures because these measures do not 
oversample around the population mean in the same manner; rather distri-
butions are more reliable across a greater range of performance values, and 
sensitivity to change may therefore be more consistent across a wide range of 
oculomotor measurements. 
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The advancement of schizophrenia treatment using cognition-enhanc-
ing medications will depend, in part, on effective evaluation of novel agents 
targeting cognition. Taking full advantage of the insight that animal models 
offer regarding drug effects on neuronal physiology and functional brain sys-
tems is crucial for evaluating new cognition-enhancing pharmacotherapies. 
By using translational, neurophysiological biomarkers, investigators in this 
area may be in a better position to design clinical studies, based on known 
pharmacological effects on specific brain systems, which utilize the same 
neurobehavioral approach previously used in animal models. For example, 
nonhuman primate models using oculomotor paradigms to study cognitive 
processes (Funahashi et al., 1990) offer a promising approach for use in the 
clinic as indicated by the findings summarized here. Further development 
of neurophysiological biomarkers such as event-related potentials, oculomo-
tor paradigms, and perhaps functional brain imaging may provide efficient 
translational approaches for studying drug effects on cognitive systems, espe-
cially for early proof of concept studies. 

4.2. Issues regarding practice effects

The current findings indicate that practice effects in healthy participants are 
greater than the combination of practice effects and therapeutic benefit in 
patients on some neuropsychological measures. This suggests larger practice 
effects in the healthy sample, a treatment-related decline in patients that is 
compensated by similar benefits of practice, or a modest improvement asso-
ciated with treatment in the context of practice effects that may be reduced 
in patients due to their illness. 

The degree to which changes over time in level of deficit can be attri-
buted to differential practice effects in healthy individuals and patients vs 
treatment-related deterioration or facilitation is difficult to disentangle 
with behavioral data. But certainly, deciphering the impact of procogni-
tive drugs will be less complicated when using neurocognitive assays with 
minimal practice effects. Parallel longitudinal data from matched samples 
of healthy individuals can help place retest data from patients in context by 
providing useful estimates of the degree to which change over time might 
be due to practice effects. This has typically not been done in large industry 
trials, but does provide a useful conservative upper bound of expected prac-
tice effects in patients, because practice effects in schizophrenia patients 
may well be smaller than in healthy participants. In this context, it is 
noteworthy that biomarkers may offer an advantage in terms of minimal 
practice effects. 
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Reliability data for oculomotor measures were similar or greater than 
those for neuropsychological data. 

4.3. Limitations of biomarker strategies

The neurophysiological biomarker approach has several limitations that war-
rant discussion. First and foremost, experience with this approach is limited 
and the current findings represent just one example of the kind of support 
needed to validate neurophysiological biomarkers as endpoints of treatments. 
Second, the value of this or any neurocognitive assessment approach needs to 
be examined across treatments. Different approaches are likely to be optimal 
for examining effects of different drugs. For example, the current patient 
sample was restricted to those treated with risperidone, and it is unclear 
whether these findings will generalize to other atypical antipsychotics and 
other drug treatments. Third, because studies validate different biomarkers, 
it will be important to compare various biomarkers such as functional neu-
roimaging, electroencephalogram, evoked potentials, and oculomotor stud-
ies in terms of their cost/benefit for assessing cognitive changes after different 
therapies. For such studies, comparison of approaches in terms of practice 
effects and retest consistency need to be systematically explored. Fourth, this 
was a relatively short treatment interval and it is possible that there was insuf-
ficient time for treatment to express its full effect on the complex integrative 
systems subserving neuropsychological measures. Lengthier studies could 
evaluate the degree to which sensitivity of neuropsychological measures to 
treatment-related effects improves over time. However, our 2-year follow-up 
of neuropsychological performance did not indicate such progressive change 
in sensitivity to treatment effects during the early course of schizophrenia 
(Hill et al., 2004). Additionally, the ultimate aim of cognitive enhancement 
therapy is improved functional status in the community. Recent data are 
beginning to show that cognitive neuroscience approaches provide data that 
predict changes in functional status (Light & Braff, 2005), but longer studies 
are needed to assess whether biomarker changes are associated with improved 
functional status or similarly related to community functioning as neuropsy-
chological data. Finally, there are practical limitations to the use of biomark-
ers in clinical trials. Relative to the nominal instrumentation, training, and 
calibration needed for brief (Buchanan et al., 2005; Keefe et al., 2004) and 
computerized (Barua et al., 2002; Sahakian & Owen, 1992), neuropsycho-
logical batteries, multisite studies using biomarker outcomes would require 
sophisticated instrumentation, labor-intensive calibration of equipment, and 
data analysis procedures to combine data across sites. 
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4.4. Concluding remarks

At present, the advantages of biomarkers seem likely to have the greatest 
potential value during the early stages of drug development (eg, dose rang-
ing studies, proof of concept studies to validate animal models), when small 
sample studies are completed to guide go/no-go decisions about which of 
several possible drugs in a class should be prioritized for large-scale clinical 
trials. Biomarkers may be especially advantageous in addressing questions 
about whether drug effects on a particular functional brain system corre-
spond with effects on the specific cognitive domain subserved by that system, 
as previously observed in animal models. As suggested by the oculomotor 
data described in this report, biomarkers may also have better sensitivity 
for parsing both adverse and beneficial treatment-related effects that might 
occur with novel therapies. Thus, the critical question may not be whether 
biomarkers or neuropsychological measures are better, but how and when to 
make the best use of these approaches to facilitate the development of effec-
tive procognitive agents that are urgently needed in clinical practice. 
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