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Schizophrenic patients are heterogeneous with respect to voluntary eye movement performance, with some
showing impairment (e.g., high antisaccade error rates) and others having intact performance. To investigate
how this heterogeneity may correlate with different cognitive outcomes after treatment, we used a
prosaccade and antisaccade task to investigate the effects of haloperidol in schizophrenic subjects at three
time points: baseline (before medication), 3–5 days post-medication, and 12–14 days post-medication. We
also investigated changes on the Stroop Task and the Positive and Negative Syndrome Scale (PANSS) in these
same subjects. Results were compared to matched controls. When considered as a single patient group,
haloperidol had no effects across sessions on reflexive and voluntary saccadic eye movements of
schizophrenic patients. In contrast, the performance of the Control group improved slightly but significantly
across sessions on the voluntary eye movement task. When each subject was considered separately,
interestingly, for schizophrenic patients change in voluntary eye movement performance across sessions
depended on the baseline performance in a non-monotonic manner. That is, there was maximal worsening of
voluntary eye movement performance at an intermediate level of baseline performance and the worsening
decreased on either side of this intermediate baseline level. When patients were divided into categorical
subgroups (nonimpaired and impaired), consistent with the non-monotonic relationship, haloperidol
worsened voluntary eye movement performance in the nonimpaired patients and improved performance in
the impaired patients. These results were only partially reflected in the Stroop Test. Both patient subgroups
showed clinically significant improvement over time as measured by the PANSS. These findings suggest that
haloperidol has different effects on cognitive performance in impaired and nonimpaired schizophrenic
patients that are not evident in clinical ratings based on the PANSS. Given that good cognitive function is
important for long-term prognosis and that there is heterogeneity in schizophrenia, these findings are critical
for optimal evaluation and treatment of schizophrenic patients.
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1. Introduction

Schizophrenia is the most chronic, debilitating, and costly mental
disorder, affecting approximately 1% of the world's population. In the
United States alone, the average cost of schizophrenia in 2002 was
estimated to be over 60 billion dollars a year, (Wu et al., 2005)
accounting for one fourth of all mental health costs. Pharmacological
treatments of schizophrenia patients have been partially successful,
with a recent study demonstrating remission of psychotic symptoms
in about 90% first-episode patients (Robinson et al., 1999). However,
alleviation of psychotic symptoms does not predict long-term
outcome, with an estimated relapse rate as high as 80% within
2 years (Hogarty and Ulrich, 1998). Some studies have shown that
cognitive impairments are more strongly related to functional
outcome than to other aspects of the illness, such as positive symptom
severity (Green, 1996; Harvey et al., 1998; Meltzer andMcGurk, 1999;
Velligan et al., 2002). That is, executive functions, such as attention
and working memory, are the measures that most strongly predict
school and occupational functioning, social functioning, and ability to
complete activities of daily living.

For these and other reasons, there has been a broadening and
change in perspective by some clinicians in both defining and
measuring clinical effectiveness in the treatment of schizophrenia
(Kern et al., 2009; Nasrallah et al., 2005). Thus, there is a need for
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simple, objective, and quantifiable methodologies that can better
define cognitive neuropathology and subtle cognitive deficits at an
individual level. Besides the importance of cognitive abilities in more
favorable outcome, there is recent recognition of the variability in
drug response (e.g. Riccardi et al., 2006) and the importance of
individualized clinical treatment (for review, Eichelbaum et al., 2006).

For over 50 years typical antipsychotic medications have been
used to treat schizophrenic psychosis. The clinical efficacy of these
drugs is thought to be due to blockage of D2 receptors in the
mesolimbic pathway. However, these medications concomitantly
further reduce dopamine in the already hypodopaminergic frontal
cortex and decrease the expression of D1 receptors in the prefrontal
cortex (Lidow et al., 1997; Lidow and Goldman-Rakic, 1994), which
are critical for proper executive functions, such as attention
(Chudasama and Robbins, 2004; Granon et al., 2000) and working
memory (Brozoski et al., 1979; Goldman-Rakic, 1991; Sawaguchi and
Goldman-Rakic, 1991;Williams and Goldman-Rakic, 1995). This “side
effect” of typical medications may contribute to some of the
detrimental effects of typical antipsychotics on cognition (Lustig and
Meck, 2005; Mortimer, 1997; Purdon et al., 2001; Saeedi et al., 2006;
Seidman et al., 1993; Sweeney et al., 1997; Verdoux et al., 1995). Some
studies, however, have shown improved cognition secondary to drug
treatment (Cassens et al., 1990; Cleghorn et al., 1990; Harvey et al.,
2005; Keefe et al., 2006; Mishara and Goldberg, 2004; Pigache, 1993;
Remillard et al., 2005).

Previous studies investigating the cognitive effects of typical
antipsychotics have used a variety of neuropsychological tasks: tests
of frontal lobe functions, working memory, inhibition, and decision
making. Although useful, neuropsychological tasks are often complex,
time consuming, and susceptible to practice effects, making it difficult
to evaluate small, yet meaningful, performance changes due to
medication at multiple time points. In contrast, eye movements are
well understood and simpler than standard neuropsychological tests
that often require language and/or object or scene processing skills.

Eye movements have often been used, even at an individual level,
to test distributed brain systems involved in sensorimotor and
cognitive processes and to elucidate in clinical populations whether
these systems are normal or dysfunctional (Leigh and Kennard, 2004;
Munoz and Everling, 2004; Sereno et al., 2006; Sweeney et al., 2002).
Saccadic eye movements have become an increasingly popular tool
for investigating frontal lobe functioning, and voluntary saccadic eye
movement deficits have even been proposed as a potential schizo-
phrenia endophenotype (Hutton and Ettinger, 2006; Radant et al.,
2007; Waterworth et al., 2002). Eye movement measures provide
objective neurobehavioral evidence (Gooding and Basso, 2008) and
show sensitivity at an individual level (Sereno, et al., 2006), reliability
at an individual level (Ettinger et al., 2003; Gooding et al., 2004),
specificity with respect to brain regions (e.g., (Guitton et al., 1985;
Pierrot-Deseilligny et al., 2005; Ploner et al., 2005), and their use has
been suggested to be helpful in individualizing pharmacological
treatments (Reilly et al., 2008). The study of saccades also provides a
unique opportunity to study reflexive processes (e.g., as measured in a
prosaccade task: look toward a target) and voluntary processes (e.g.,
as measured in an antisaccade task: look away from the target)
separately. By measuring and comparing performance on these tasks,
Table 1
Summary of studies on the effects of typical antipsychotics on voluntary eye movements.

Cassady et al. (1993) Crawford et al. (1995)

Error rate (%) No change No change
Response time (ms) No change
Medication type Haloperidol Mixed
Chlorpromazine equivalentsa Low to high High
Study design Within Between
Schizophrenic population Outpatients Unknown

a N1000 mg=high and b1000 mg=low.
we can separate medication effects on basic sensory processing of the
target and final common motor output pathways (observed as
changes on both the prosaccade and antisaccade tasks) from
medication effects on cognitive, prefrontal-cortex-mediated, higher-
order processing (observed as changes only in the antisaccade task)
(Funahashi et al., 1991; Goldman-Rakic, 1991; Guitton et al., 1985;
Sereno, 1996).

To date, five studies have specifically investigated the effects of
typical antipsychotic medications on voluntary saccadic eye move-
ments in schizophrenia (see Table 1). One study showed a significant
improvement (decrease) in error rate and another study showed a
significant decrease in voluntary saccade latency (response time)
secondary to treatment with typical antipsychotic medication (Harris
et al., 2006; Hutton et al., 1998). Decisive conclusions cannot be
drawn, however, because of certain methodological differences
among the studies. Of particular importance, only two of these five
studies tested the effects of a single typical antipsychotic medication
(haloperidol) (Cassady et al., 1993; Harris et al., 2006) on voluntary
saccadic eye movements, whereas the other three studies examined
the effects of a mixture of typical antipsychotics (Crawford et al.,
1995; Muller et al., 1999) or did not report the specific medications
(Hutton et al., 1998).

A second factor that complicates the interpretation of these studies
is the large variability in medication dosages in the three studies
reporting significant medication effects. Specifically, one study
showed cognitive benefit (improved voluntary saccade performance)
with a low dose of haloperidol (3.8 mg on average (Harris et al.,
2006)), a second study showed cognitive impairment (worsening
voluntary saccade performance) with a high dose of haloperidol
(32 mg on average (Crawford et al., 1995)), and the third study did
not report medication dosage (Hutton et al., 1998). These results are
consistent with some studies showing optimal clinical improvement
with haloperidol doses between 6 mg and 12 mg (with no statistical
benefit of higher doses) (Geddes et al., 2000) and cognitive
impairment in schizophrenia patients with haloperidol doses over
24 mg (Woodward et al., 2007). Finally, some studies involved
between group comparisons of medicated versus unmedicated
patients (Crawford et al., 1995; Hutton et al., 1998). Thus, patients
in the medicated groups in these studies have no measure of eye
movement performancewhen theywere unmedicated. Schizophrenia
patients are heterogenous with respect to eye movement perfor-
mance with typically about 50–85%, of schizophrenia subjects
showing impairments ((Holzman et al., 1973, 1974; Sereno and
Holzman, 1995; Zanelli et al., 2005). Given that only about 60% of
schizophrenia patients show impaired performance on the antisac-
cade task (Fukushima et al., 1988; Larrison-Faucher et al., 2004) and
that this subgroup can respond differently to substances such as
nicotine (Larrison-Faucher et al., 2004), it is possible that results from
between group comparisons were due to baseline differences
between the medicated groups rather than to medication differences.
Only a longitudinal design involving repeated measures on the same
individuals in unmedicated and medicated states can resolve this
ambiguity.

In the present study, we investigated the effects of 15 mg of
haloperidol (see Table 2 for exceptions) on reflexive and voluntary
Hutton et al. (1998) Muller et al. (1999) Harris et al. (2006)

No change No change Decrease
Decrease No change No change
Unkown Mixed Haloperidol
Unknown Low Low
Between Within Within
Unknown Inpatients/outpatients Inpatients/outpatients



Table 2
Medications of schizophrenia patients. All dosages are per day. The psychotropic
medications are shown in bold. H: 15 mg haloperidol, H-10: 10 mg haloperidol, H-20:
20 mg haloperidol, F: 50 mg fluphenazine, R: 4 mg risperidone, Lo: 2 mg lorazepam
given on prior day, B: 4 mg benzatropine, B-2: 2 mg benzatropine, M: metformin, E:
5 mg enalapril, Li: lisinopril, Ht: hydrochlorothiazide, D: diphenhydramine, A:
acetaminophen.

Subjects Age Medications

Day 0 Day s Day l

Patients
Non-impaired
1 24 H-10, B Same as day s
2 49 Ht, E H-20, B, Ht, E H-20, B
3 58 M H-10, B, Ht H, B, Ht, M

Impaired
1 23 H, B, Lo H, B
2 24 H, B Same as day s
3 24 H, R, B-2, D H, B Same as day s
4 26 H, B Same as day s
5 29 H, B Same as day s
6 33 H, B Same as day s
7 33 H-10, B-2 F, B, D F, B, A
8 37 H, B Same as day s
9 47 H, B Same as day s
10 51 M H, B, M, Li, A H, B, M, Li, Ht
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saccadic eye movements. We tested the same schizophrenia in-
patients prior to treatment with antipsychotic medication and at two
time points while medicated to better capture longitudinal effects of
medication on these eye movement tasks. Using both reflexive and
voluntary tasks is necessary for accurately distinguishing haloper-
idol's effects on sensory and motor processing from its effects on
higher order cognitive processing. Additionally, due to the previously
described heterogeneity among schizophrenia patients (Bechard-
Evans et al.; Gonzalez-Blanch et al., 2010; Levy et al., 1994; Ross,
2000) we examined the relationship between baseline antisaccade
performance and the change in antisaccade performance across
sessions. Further, we also divided the schizophrenia subjects into
“impaired” and “nonimpaired” categorical subtypes based on baseline
antisaccade performance. Finally, we conducted the Positive and
Negative Syndrome Scale (PANSS, (Kay et al., 1987) and the Stroop
Task (Stroop, 1935) on these same patients to compare performance
on these standard clinical and neuropsychological scales with
performance on the eye movement tasks.

2. Materials and methods

2.1. Subject demographics and recruitment

Schizophrenia patients were recruited from the University of
Texas Harris County Psychiatric Hospital, Houston, Texas. All the
testing on schizophrenia patients was performed while they were
inpatients in the hospital. Thirteen schizophrenia and 10 control
subjects participated. All subjects had normal or corrected to normal
visual acuity.

Table 3 shows the demographic data for each group including age,
education, handedness, smoking, gender, and age of onset and
duration for the patient group and subgroups. Of note, the
schizophrenia group and the control group differed only in smoking
(χ2=7.8, pb0.01) and gender (χ2=12.6, pb0.01). However, neither
schizophrenia nor control subjects were allowed to smoke within two
hours of the start of any testing session. Additionally, in our data, there
were no correlations between gender and any of the eye movement
measures in the schizophrenia and control groups.

The diagnosis of schizophrenia was made by a board certified
psychiatrist using the Diagnostic and Statistic Manual of Mental
Disorders, fourth edition (DSM-IV). Patients and controls were
excluded from our study if they had a history of Parkinson's disease,
epilepsy, autism, severe head trauma, or any current substance
abuse/dependence. In addition to these exclusion criteria, controls
had no previous history of psychosis and had no first-degree relatives
with a diagnosis of schizophrenia, bipolar disorder, or autism. All
schizophrenia patients were off psychotropic medications for at least
three weeks prior to enrollment in this study (see Table 2 for
exceptions where they had received one dose before baseline testing).
All study participants gave informed consent at the start of each
testing session, which was approved by the Committee for the
Protection of Human Subjects at the University of Texas Health
Science Center at Houston and Harris Country Psychiatric Center and
in accordance with the Declaration of Helsinki.

2.2. Apparatus

Saccadic eye movements were recorded using an infrared ISCAN
RK-826 PCI eye tracking system. Subjects were seated in front of a 17-
inch CRTmonitor with their heads placed in a stable chin rest that was
positioned 72 cm from the screen. The spatial and temporal
resolutions of the eye tracker were approximately 0.5° visual angle
and 4 ms (240 Hz), respectively. Before the start of an eye movement
recording session, the subject was calibrated by moving their eyes to
nine positions on the screen indicated by 0.2°×0.2° white boxes on a
black background. For the eye movement tasks, a gray fixation dot of
0.2° was illuminated in the center of the black screen. Target stimuli
were 0.2°×0.2° white boxes that appeared 7° to the right and left of
the fixation point. Saccade initiation and termination were defined by
areal and velocity criteria. Specifically, for saccade initiation, eye
velocity had to be above 47.5°/s and for saccade termination, eye
velocity had to be both below 12°/s and within 4.4° of the target.

2.3. Procedure

Prosaccade and antisaccade tasks were administered to all
schizophrenia patients at three different time points: prior to starting
daily medications (baseline), 3–5 days after initiation of medication
(short-term), and after 12–14 days of medication exposure (long-
term; the average length of stay for an inpatient at Harris Country
Psychiatric Center). The medications for each schizophrenia patient
are reported in Table 2. Controls were not given medication and were
tested at the same three intervals for comparison. Upon completion,
the prosaccade and antisaccade tasks each yielded a block of 48 trials.
Trials interrupted by a blinkwere aborted and randomly re-presented.
To familiarize the subject with the task, each task was preceded by a
10-trial practice block. To further ensure that the task instructions
were properly understood, each subject verbally repeated the
instructions before each task began. For each task, target position
was balanced for presentation in the left or right visual field. To begin
a trial, the subject had to fixate a point located straight ahead for
600 ms. After this fixation period, the target randomly appeared 7° to
the left or right of the fixation point. For the prosaccade task, the
subject had to look at the peripheral target, while for the antisaccade
task the subject had to look to the opposite side or mirror image
location of the peripheral target. For both tasks, visual but no auditory
feedback for incorrect eye movements was provided to the subjects
after each trial regarding their performance. The peripheral target
remained on the screen until the eye movement was completed.

2.4. Clinical and neuropsychological test administration

2.4.1. Stroop Task
The Stroop Task is a common neuropsychological test used to

evaluate frontal lobe processing and attention in subject groups. The
“Naming Colored Words” version was used in this experiment. This
version of the Stroop has three parts (Word, Color and Word-Color
interference), each requiring the subject to name as many items



Table 3
Demographic data for all schizophrenic and control subjects.

Schizophrenia (n=13) Impaired (n=6) Nonimpaired (n=7) Impaired (n=10) Nonimpaired (n=3) Control (n=10)

Median split SD split

Agea 35.2 (12.1) 32.2+ (9.0) 37.9 (14.4) 32.7 (9.8) 43.7 (17.6) 38.2 (7.2)
Educationa 11.9 (2.5) 10.8* (2.1) 12.9 (2.6) 11.8 (2.7) 12.3 (2.5) 12.4 (1.2)
Handedness 10R/2L/1B 4R/1L/1B 6R/1L/0B 7R/2L/1B 3R/0L/0B 9R/1L/0B
Smoking 9Y/4N** 5Y/1N** 4Y/3N** 7Y/3N** 2Y/1N** 4Y/6N
Gender 9M/4F** 5M/1F** 4M/3F** 7M/3F** 2M/1F** 2M/8F
Age of onseta 26.2 (8.9)b 25.3 (9.8) 27.4 (8.1) 26.4 (9.8) 26.0(1.4)b –

Durationa 7.2 (7.6)b 6.8 (7) 10.4 (11.2) 5.0 (4.7) 11.5 (16.3)b –

Comparison to Controls: ** pb0.01; * pb0.05; + pb0.10.
a Age, education, age of onset, and duration of disease in years (standard deviation).
b Age of onset and duration data are missing for one subject.
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(word in Word portion, color in Color portion and color of the ink in
whichword is written inWord-Color interference portion) as possible
from a list in 45 s. The number of items named in 45 s for each of the
three subscale parts is the reported score for each subject.

2.4.2. Positive and Negative Syndrome Scale
The Positive and Negative Syndrome Scale (PANSS) is a 30-item

rating instrument that assessed positive, negative, and general
psychopathology in schizophrenia patients within 24 h of each of
the three eye movement testing sessions. A higher PANSS score
indicates worse clinical symptomatology. Each item was rated from 1
(absent) to 7 (severe). The rater was blind to the eye movement data.
The PANSS was administered to schizophrenia subjects only.

2.5. Statistical analyses

2.5.1. Calculation of latency
Saccade eyemovement latencies (or response time)were trimmed

at 2.5 standard deviations around the mean. This trimming was
performed separately for each subject (schizophrenia, control), task
(saccade, antisaccade) and session (baseline, short, long). The
percentage of outliers that exceeded these criteria for latencies of
prosaccades was 5.0% and 1.8% and antisaccades, 6.5% and 1.7% (for
schizophrenia subjects and controls, respectively). Only data from
correct trials were used. After the above procedures, mean latencies
were computed for each subject by averaging remaining responses
within each condition (including session, task, and visual field).

2.5.2. Calculation of error rate
Direction errors were defined as eye movements that looked away

from the target (prosaccade task) or toward the target (antisaccade
task). At each testing time point (baseline, short-term, or long-term)
and for each task type (prosaccade or antisaccade), the error rate was
calculated by dividing the number of incorrect trials by the total
number of trials (i.e. 48) completed for each task. A higher error rate
indicates poorer performance.

2.5.3. Comparison of schizophrenia and control groups
A three-way repeated measures analysis of variance (ANOVA)

with Group (schizophrenia/control) as the between-group factor and
Task (prosaccade/antisaccade) and Session (baseline / short / long) as
the within-groups factors was used to analyze the mean latency and
error rate. The p-values reported here are based on Greenhouse-
Geisser correction. The distribution of antisaccade error rate data
across subjects (control and schizophrenia) for each time point was
normal (Lilliefors test). However, the distribution of saccade error rate
across subjects (control and schizophrenia) for each time point was
not normal because there were many data points that were zero.
Hence, we also ran non-parametric analyses (Wilcoxon) for saccade
error rate data. Therewere no differences between the parametric and
non-parametric analyses of saccade error rate. Hence, for consistency
with prior reports and the analyses of other dependent measures, we
report the parametric analyses.

A similar three-way repeated measures ANOVA was also run for
mean Stroop Test scores, however the Session factor only had two
time points (baseline/long) and the Task factor had three levels
(Word/Color/Word-Color). A one-way repeated measures ANOVA
with Session (baseline/short/long) as the within-group factor was
used to analyze themean Total PANSS scores within the schizophrenia
group. For all these ANOVAs, we only report significant (pb0.05)main
and interaction effects.

In addition planned t-tests were conducted for prosaccade and
antisaccade tasks using the mean squared error value for the
appropriate term in the ANOVA. Comparisons included the following:
(1) between the two groups, (2) across testing sessions (baseline to
long), and (3) between groups across testing sessions. The t-statistic
for two given conditions, 1 and 2, was computed as follows:

t =
μ2−μ1ð Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

MSEANOVA
1
N1

+ 1
N2

� �r

where, μ1, μ2, N1, and N2 are the means and the number of samples in
condition 1 and condition 2 respectively.MSEANOVA is the mean square
error for the appropriate term in the ANOVA. In the Results section,
only the planned comparisons that had p-values less than 0.05 are
discussed. Again there were no differences with the non-parametric
comparisons for saccade error rate.

2.5.4. Antisaccade error rate change across sessions versus baseline error
rate

The previous analysis was based on group averages and it does not
consider the baseline differences on an individual basis. As mentioned
earlier, understanding individual differences is critical for individual-
ized treatment. To consider each subject's baseline performance
separately, antisaccade error rate data were analyzed using regression
analyses with the subjects' baseline error rate as the independent
variable and the change in error rate across testing sessions (long –

baseline) as the dependant variable. Two regression analyses were
performed: 1. Regression lines were fit to the data from all the
schizophrenia subjects and controls and the slopes of the regression
fits of schizophrenia subjects were compared to those of controls. The
comparison between the regression slopes of schizophrenia subjects
and controls was performed non-parametrically using a standard
boot-strappingmethod. 2. A non-linear regressionwas perfomed to fit
a Gaussian function described below:

y = Ae
− x−βð Þ2

2σ2 + B



Fig. 1. Hypothetical non-monotic relationship between baseline antisaccade error and
change in antisaccade error post drug treatment. (A) Hypothetical sigmoidal dose-
response curves for numerous subjects that differ in their initial baseline performance
on the antisaccade task. Each curve represents the hypothetical change in percent error
for a subject on the antisaccade task as a function of a drug dose, such as haloperidol.
The vertical dotted line represents the actual dose that may be administered to all
subjects. It is clearly seen that the change in percent error from no dose (0) to
administered dose varies across subjects (depends on the subject's initial baseline
performance). The change in percent error increases as we move from the bottom
curves to the middle curves and then decreases again for the top curves. This illustrates
a non-monotonic relationship between baseline performance and change in perfor-
mance as a result of drug administration across subjects. To obtain all the sigmoidal
curves, we systematically varied two parameters: (1) The baseline response and (2) the
dose at which the performance changes (the “corner” of each curve). The assumption
here being that themore cognitively intact patients (represented by curves towards the
bottom) may be more resilient to the cognitive effects of the drug. (B) Example non-
monotonic (Gaussian-like) relationship between baseline response and change in
response from baseline obtained from hypothetical dose-response curves and the
administered dose illustrated in Panel A.
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In this Gaussian model, parameters y and x are antisaccade error
rate and baseline error rate, respectively. β is the baseline error rate
corresponding to the peak of the Gaussian function. σ is the standard
deviation of the Gaussian function. A is the amplitude of the Gaussian
function and B is the change in error rate across sessions (long –

baseline) which is independent of the baseline error rate. Boot-
strapping was performed to determine the confidence intervals for all
the parameters of the Gaussian function. The Gaussian model would
be considered significant if the confidence intervals of A and σ did not
include zero. For comparison of the Gaussian fit to the linear fit,

adjusted R2 was computed for both fits (Adj:R2 = 1− 1−R2
� �

n−1ð Þ
n−k−1

,

where R2, n and k are the coefficient of determination, number of
observations, and number of model parameters respectively).
Adjusted R2 takes into account the cost associated with increasing
the number of parameters in a model and is therefore better suited
than the unadjusted values of R2 for comparing models with unequal
numbers of parameters.

A sigmoid function is common in drug response profiles. If the
sigmoidal drug response profiles are different for individual subjects
who have different baseline responses (see Fig. 1A), then a non-
monotonic Gaussian type relationship between baseline response and
change in response from baseline is possible (see Fig. 1B). It should be
noted that an antagonistic dose–response curve was used in our
example to illustrate how a non-monotonic dose–response curve is
possible. Interestingly, a similar non-monotonic relationship between
dopamine dose and neural response has been observed in various
brain areas. In these studies, a non-monotonic (inverted-U shaped)
function was reported for dopamine levels and neural response in the
cortex (Goldman-Rakic et al., 2000) and striatum (Hu and Wang,
1988; Hu andWhite, 1997; Nicola et al., 2000; Nisenbaum et al., 1988;
Shen et al., 1992). This Gaussian model analysis was limited to
antisaccade errors because differences for the other measurements
(e.g. Stroop task), if they existed, were small and Gaussian functions
were no better than linear functions.
2.5.5. Comparison of impaired and nonimpaired schizophrenia
subgroups

The analyses in the previous sectionwere non-parametric. We also
tested the idea of heterogeneity in schizophrenia patients using
parametric methods. We categorized the schizophrenia subjects
based on whether their baseline error rate in antisaccade task was
below or above the median (i.e. a median split). Schizophrenia
subjects whose baseline error rate in antisaccade task was below the
median (N=7) were classified as “nonimpaired” and those above the
median (N=6) were classified as “impaired”. Based on this division,
we repeated the above-mentioned ANOVAs and t-tests with a new
between-subject factor of Group (schizophrenia impaired/schizo-
phrenia nonimpaired/control).

Some previous studies have used a criterion based on normal
control performance to categorize schizophrenia subjects. The mean
antisaccade error rate (standard deviation) collected for controls was
14.7% (s.d.: 7.7%). Hence, for comparison with other studies, we also
classified schizophrenia subjects whose baseline performance was
three standard deviations above this mean (i.e., greater than 38%
errors) as “impaired” (n=10) and those that did not as “non-
impaired” (n=3). Based on this division, labelled SD split, we
repeated the ANOVAs and t-tests that were performed for the median
split data. The results of these analyses did not differ qualitatively
from the median split analyses. However, given the small size of the
nonimpaired group (n=3) in the SD split analyses, we only include
the results of these analyses in Figs. 4B and D and Table 4 for those
readers interested in comparing our findings to other studies that
have used similar criteria for impaired and non-impaired perfor-
mance. For all these subgroup ANOVA analyses, we only report
significant (pb0.05) main and interaction effects involving Group.

Finally, we also performed a multiple linear regression analysis
using a single model and all 13 data points. The multiple regression
lines (independent variable: baseline antisaccade error rate; depen-
dent variable: change in antisaccade error rate from baseline to long
session) were simultaneously fit to the data from the control and
schizophrenia groups. For the schizophrenia group, we searched for
two regression lines (with at least 3 points in each line) that best
explained the total variance in all 13 data points. The search for the
best two regression lines turned out to yield the two lines shown in
Fig. 5. This was another way of treating the baseline performance as a
continuous variable and independently determining and analyzing
the categorical division in the data.
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Fig. 2. Effect of haloperidol treatment on antisaccade error rate in schizophrenia
patients versus unmedicated control subjects. Average error rate in the antisaccade task
for schizophrenic and control groups. Data are from baseline (white bar), short (gray
bar) and long (black bar) sessions. Error bars represent 1 SEM.

1758 S.L. Babin et al. / Progress in Neuro-Psychopharmacology & Biological Psychiatry 35 (2011) 1753–1764
3. Results

3.1. Comparison of schizophrenia and control groups

All eye movement, Stroop, and PANSS means and associated
standard errors are reported in Table 4 for both the schizophrenia
(n=13) and control (n=10) groups.

3.1.1. Latency
All subjects responded faster on the prosaccade task than the

antisaccade task (226.9 ms versus 353.1 ms, respectively; three-way
ANOVA, Task main effect: F1,21=98.61, pb0.01). Planned t-tests for
group differences indicated that there were no differences in
prosaccade or antisaccade latency (1) between the two groups,
(2) across testing sessions (baseline to long), or (3) between groups
across testing sessions.

3.1.2. Error rate
All subjects made more errors on the antisaccade task than the

prosaccade task (three-way ANOVA, Task main effect: F1,21=62.84,
pb0.01). Schizophrenia subjects made more errors than controls on
the antisaccade task but not on the prosaccade task (Task×Group
interaction: F1,21=25.22, pb0.01).
Fig. 3. Change in antisaccade error rate performance (long session relative to baseline
session) as a function of baseline antisaccade error rate for schizophrenic patients
(black lines) and control (gray line). The linear regression coefficients for schizophrenic
patients and controls are −0.33 and −1.05 respectively. The parameters of the
Gaussian fit for schizophrenic patients are A=52.3, σ=13.6, β=31.9 and B=−18.6.
Planned t-tests for group differences indicated that there were no
differences in prosaccade error rate (1) between the two groups,
(2) across testing sessions (baseline to long), or (3) between groups
across testing sessions. In contrast, the schizophrenia group as a
whole exhibited significantly higher antisaccade error rates than
controls (50.8% versus 11.7%, respectively; t1,21=9.90, pb0.01; see
Fig. 2). Across testing sessions, there was no significant change in the
mean antisaccade errors within the schizophrenia group. In compar-
ison, in the control group, mean antisaccade errors decreased across
testing sessions (long – baseline=−7.2%, t1,27=2.73, pb0.05).
Despite these findings, across testing sessions, there were no
differences between antisaccade error rate changes in the schizo-
phrenia and control groups (t1,21b1, pN0.10).

However, when the change in performance is examined as a
function of baseline performance using linear models, the schizo-
phrenia and control groups differed significantly (pb0.05; linear
regression analysis; see solid lines in Fig. 3). Further, in the
schizophrenia group, the change in error rates over time varied
non-monotonically as a function of baseline error rate (see Gaussian
fit, dashed line, in Fig. 3). The Gaussian model was a significant model
as indicated by the confidence intervals of the parameters A and σ (A:
32.1 to 73.8; σ: 0.95 to 19.1). In contrast, the linear model for
schizophrenia subjects (shown in Fig. 3) was non-significant. Further,
the Gaussian model accounted for a substantially larger proportion of
variance in the data compared to the linear model (Gaussian model:
R2=0.47, Adj-R2=0.29; Linear model: R2=0.17, Adj-R2=0.09). The
Gaussian model also indicates a significant improvement in perfor-
mance across sessions that is independent of the baseline perfor-
mance (confidence interval for B: −28.5 to −5.8). Thus, control
subjects who had higher error rates at baseline showed a significantly
larger improvement over sessions (pb0.05); in contrast, schizophre-
nia patients who had lower errors at baseline showed worsening
performance across sessions while those who had higher errors
changed towards better performance. It should be noted that a
Gaussian relationship between change in performance and baseline
performance is inconsistent with the phenomenon of regression to
mean. The phenomenon of regression to the mean predicts a
monotonic relationship between change in performance and baseline
performance. These results indicate that, depending on baseline
antisaccade performance, a 15 mg dose of haloperidol may have
either a beneficial or deleterious effect on the voluntary saccade task.
3.1.3. Stroop Task
Schizophrenia subjects had significantly lower Stroop Task scores

than controls (47.6 versus 62.6, respectively; three-way ANOVAmain
effect: F1,21=10.12, pb0.01). The schizophrenia subjects performed
worse across testing sessions, whereas the controls improved (−2.7
versus 5.3, respectively; Group x Session interaction: F1,21=6.78,
pb0.05). Also, there was a main effect of Subscale (F1.3,30.1=193.29,
pb0.01), demonstrating that subjects named more items for the
WORD subscale than the COLOR or WORD–COLOR subscales (77
versus 53.9 and 31.5, respectively). Planned t-tests showed that
schizophrenia subjects performed worse than controls on WORD
Subscale (69.8 versus 86.2, respectively; t1,30=6.24, pb0.01), COLOR
Subscale (46.2 versus 64, respectively; t1,30=6.78, pb0.01) and
WORD-COLOR Subscale (26.9 versus 37.5, respectively); t1,30=4.03,
pb0.01). Additionally, in the COLOR andWORD–COLOR Subscales, the
two groups had a significant difference in change across testing
sessions (t1,30=4.10, pb0.01 and t1,30=2.42, pb0.05 respectively). In
the COLOR Subscale, performance of control subjects improved
significantly (long – baseline=6.8; t1,30=2.43, pb0.05), but schizo-
phrenia subjects did not (long – baseline=−3.9). Overall, these
Stroop Task data indicate that haloperidol may be impairing cognitive
function in schizophrenia or interfering with practice effects that
occur in control subjects with repeated exposure to this task.

image of Fig.�2
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3.1.4. PANSS
Total PANSS showed gradual improvement across time points

(baseline: 98.9; short: 77.9; long: 65.0; F2,24=38.63, pb0.01) and a
significant change from the baseline to the long session (long –

baseline=−33.9; t1,24=5.45, pb0.01). This finding indicates clinical
symptomatology improved with haloperidol administration.

3.2. Comparison of impaired and nonimpaired schizophrenia subgroups

Despite significant clinical improvement during treatment with
haloperidol in all schizophrenia subjects, eye movement performance
changed in a non-monotonic manner. Depending on baseline
antisaccade performance, haloperidol had either a beneficial or
deleterious effect on the voluntary saccade task. These findings,
which are based on non-parametric analyses of our data, are
consistent with previously known heterogeneity within the schizo-
phrenia population on the antisaccade task (Larrison-Faucher et al.,
2004; Sereno and Holzman, 1993, 1995). To obtain parametric
statistics of our eye movement data, and to allow comparison of the
results of this study with previous studies, we first categorized the
schizophrenia subjects into two subgroups: 1. Nonimpaired and 2.
Impaired. We then compared the change in error rate (long –

baseline) in antisaccade task across groups including control (n=10),
nonimpaired, and impaired. We first compared the groups dividing
the schizophrenia patients by the median split analysis (impaired=6,
nonimpaired=7) and then compared the groups using the SD split
Fig. 4. Effect of haloperidol treatment on antisaccade performance in impaired and nonim
latency in the antisaccade task for impaired and nonimpaired schizophrenic subgroups and c
the standard deviation based split (B). (C, D) Average error rate in the antisaccade task
schizophrenia subgroups are defined by the median split (C) and the standard deviation bas
bar) sessions. Error bars represent 1 SEM.
(impaired=10, nonimpaired=3). Interestingly, the SD split was
consistent with the inflection point of the Gaussian model and the
multiple linear regression analysis.

3.2.1. Latency

3.2.1.1. Median split. Planned t-tests for group differences indicated that
there were no differences in prosaccade and antisaccade latency
(1) between the two groups, (2) across testing sessions (baseline to
long), or (3) between groups across testing sessions (see Fig. 4A). These
data suggest haloperidol has no effect on the prosaccade and
antisaccade latency of the impaired and non-impaired schizophrenia
subjects.

3.2.1.2. SD split. There was a significant Session×Group interaction in
the three-way ANOVA. (F4,40=2.93, pb0.05). Planned t-tests for group
differences indicated that there were no differences in prosaccade
latency (1) between the two groups, (2) across testing sessions
(baseline to long), or (3) between groups across testing sessions. With
respect to antisaccade latency, planned t-tests indicated that the
impaired schizophrenia group had a significant decrease in antisaccade
latency across testing sessions (long – baseline=−41.4; t1,30=2.03.
pb0.05), while the other groups did not change significantly (see
Fig. 4B). Further, the impaired schizophrenia group had a significantly
different change across testing sessions compared to the nonimpaired
schizophrenia (t1,30=3.14, pb0.01) and control (t1,30=2.65, pb0.01)
paired schizophrenia subgroups versus an unmedicated control group. (A, B) Average
ontrol group when the schizophrenia subgroups are defined by the median split (A) and
for impaired and nonimpaired schizophrenic subgroups and control group when the
ed split (D). Data shown are from baseline (white bar), short (gray bar) and long (black
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groups (see Fig. 4B). Contrary to the median split data, these data
suggest haloperidolmaybe selectively decreasingantisaccade latency of
the impaired schizophrenia subjects.

3.2.2. Error rate

3.2.2.1. Median split. There were significant Group, Task×Group,
Session×Group, and Task×Group×Session interactions in the three-
way ANOVA (Group: F2,16=16.1, pb0.01; Task×Group: F2,20=16.46,
pb0.01; Session×Group: F4,40=4.77, pb0.01; Task×Session×Group:
F4,40=3.82, pb0.05). There were no differences in planned paired t-
tests of prosaccade error rates. In contrast, for antisaccade error rates,
planned paired t-tests showed that the impaired schizophrenia patients
had significantly higher error rates than nonimpaired schizophrenia
patients (mean difference=20.9%, t1,30=4.8, pb0.01). Further, the
impaired and non-impaired schizophrenia subjects had significantly
higher antisaccade error rates than the control group (impaired vs.
control: mean difference=50.4%, t1,30=12.4, pb0.01; non-impaired
vs. control: mean difference=29.5%, t1,30=7.6, pb0.01).

Across testing sessions (baseline to long), error rate in the
antisaccade task decreased in the impaired schizophrenia subjects
(mean decrease=18.1%, t1,30=3.96, pb0.01; see Fig. 4C) and controls
(mean decrease=7.2%, t1,30=0.54, p=0.05; see Fig. 4C) but increased
in the nonimpaired schizophrenia subjects (mean increase=10.5%,
t1,30=2.49, pb0.05; see Fig. 4C).

3.2.2.2. SD split. Impaired schizophrenia subjects made more errors on
the antisaccade task than nonimpaired schizophrenia and control
subjects while showing no differences in prosaccade error rates (Task
x Group interaction in a three-way ANOVA: F2,20=31.57, pb0.01).
There were no differences in planned paired t-tests of prosaccade
error rates. In contrast, for antisaccade error rates, planned paired t-
tests showed that the impaired schizophrenia subjects had signifi-
cantly higher antisaccade error rates than the nonimpaired schizo-
phrenia subjects (59.5% versus 21.8%, respectively; t1,42=6.09,
pb0.01) and the control group (59.5% versus 11.7%; t1,42=11.4,
pb0.01). The nonimpaired schizophrenia subjects did not differ,
statistically, from the controls.

Across testing sessions (baseline to long), error rate in the
antisaccade task decreased in the impaired schizophrenia subjects
(−6.4%; t1,27=2.60, pb0.05; see Fig. 4D) and controls (−7.2%;
t1,27=2.73, pb0.05; see Fig. 4D) but not in the nonimpaired schizo-
phrenia subjects (9.7%; pN0.10; see Fig. 4D).
Fig. 5. Change in antisaccade error rate performance (long session relative to baseline
session) as a function of baseline antisaccade error rate for impaired (solid black dot, dashed
black line) and nonimpaired (open black dot, solid black line) schizophrenic subgroups and
control group. The linear regression coefficients for impaired and nonimpaired schizo-
phrenic subgroups and control group are −0.4, 1.7, and −1.05 respectively.
3.2.2.3. Multiple linear regression. When performance on the anti-
saccade task was examined as a function of baseline performance
using a multiple linear regression analysis, the nonimpaired schizo-
phrenia subjects displayed increasing error rates across testing
sessions (long – baseline; worsening with haloperidol; see solid
black line in Fig. 5). This pattern was significantly different (pb0.05)
from controls' increasing improvement across sessions (pb0.05; see
gray line in Fig. 5) as a function of baseline errors. Compared to the
controls, the impaired subjects were not different (compare gray and
dotted black lines in Fig. 5). Thus, while the nonimpaired schizophre-
nia subjects became worse (more errors) across sessions with
worsening baseline performance, the impaired subjects did not.
Note that this result is also inconsistent with the phenomenon of
regression to mean which predicts an improvement with worsening
baseline performance in nonimpaired subjects.

3.2.3. Stroop task

3.2.3.1. Median split. Therewas amain effect of Group in the three-way
ANOVA (F2,20=5.91, pb0.05). There was a Group×Session interac-
tion (F2,20=8.6, pb0.01).

Planned t-tests on the WORD-COLOR subscale showed that
impaired and nonimpaired schizophrenia subjects had worse scores
than controls (impaired vs control: t1,28=4.3, pb0.01; nonimpaired
vs control: t1,28=2.4, pb0.05). Across testing sessions (baseline to
long), on the WORD–COLOR subscale, nonimpaired schizophrenia
subjects displayed a marginally significant decrease in number of
colors named (mean decrease=6.6, t1,27=1.91, pb0.1), which was a
significantly different change compared to the impaired schizophre-
nia subjects (t1,27=2.67, pb0.05) and controls (t1,27=3.42, pb0.01),
who both showed small but nonsignificant increases. These data
underscore the possible negative effect of haloperidol in the
nonimpaired schizophrenia subjects.

3.2.3.2. SD split. Similar to the median split analysis, there was a main
effect of Group and a Group×Session interaction (Group: F2,20=5.52,
pb0.05, Group×Session F2,20=5.06, pb0.05). The controls improved
across testing sessions (control change: 5.3) while the patient groups
performance deteriorated (impaired change: −8.7; nonimpaired
change: −1.0).

Planned t-tests on the WORD–COLOR subscale showed that
impaired schizophrenia subjects had worse scores than controls
(25.2 versus 32.3; t1,28=4.44, pb0.01). Across testing sessions
(baseline to long), on the WORD-COLOR subscale, nonimpaired
schizophrenia subjects displayed a significant decrease in number of
colors named (change: −12.0; t1,28=2.38, pb0.05), which was a
significantly different change compared to the impaired schizophre-
nia subjects (change: 0.8; t1,28=3.15, pb0.01) and controls (change:
4.3; t1,28=4.02, pb0.01), who did not change significantly. Although
the specific findings are slightly different than the median split
analysis, the overall impact of the findings is consistent: Namely, the
SD Split analysis of the Stroop data suggest a possible negative effect
of haloperidol in the nonimpaired schizophrenia subjects.

In sum,whenwe look at the effect of testing session on the cognitive
portion of the Stroop (Word–Color), it is the nonimpaired schizophre-
nia subjects whose performance declines the greatest, indicating
perhaps haloperidol is eliminating any practice benefit and selectively
impairing the more cognitively intact schizophrenia subjects.

3.2.4. PANSS

3.2.4.1. Median split. Impaired and nonimpaired schizophrenia sub-
jects did not differ on Total PANSS scores (mean difference=3.1,
F1,11=0.2, pN0.5). Across testing sessions (baseline to long), both the
impaired and the nonimpaired schizophrenia subjects showed
significant improvement (impaired: mean improvement=45.3,

image of Fig.�5


Table 4
Eye movement parameters and clinical subscale scores (SE).

SZ (n=13) Imp (n=6) NonImp (n=7) Imp (n=10) NonImp (n=3) Control (n=10)

Median Split SD Split

Latency (ms)
Prosaccade

Day 0 229.6 (12.2) 230.3(16.5) 229.0(15.2) 228.6(15.9) 233.2(9.5) 231.3(10.1)
Day s 214.6(13.5) 211.6(16.6) 217.1(15.4) 215.7(13.7) 210.8(43.4) 227.9(7.5)
Day l 226.0(15.9) 206.5(18.2) 242.8(16.9) 213.1(18.6) 269.2(10.8) 234.9(7.4)

Antisaccade
Day 0 364.7(26.8) 323.3(34.8) 400.3(32.3) 369.3(34.9) 349.6(17.6) 341.0(24.1)
Day s 364.5(29.9) 379.9(36.1) 351.3(33.4) 383.5(30.9) 301.3(80.2) 340.0(14.5)
Day l 346.4(31.7) 309.7(39.0) 377.8(36.1) 327.9(39.6) 408.0(11.9) 356.9(21.3)

Error rate (%)
Prosaccade

Day 0 2.9(1.1) 4.5(1.3) 1.5(1.2) 3.3(1.5) 1.5(1.5) 0.9(0.4)
Day s 2.6(0.7) 3.7(0.8) 1.7(0.8) 2.7(0.8) 2.3(2.3) 0.7(0.5)
Day l 2.2(0.9) 3.2(1.0) 1.3(0.9) 2.4(1.1) 1.6(1.6) 1.1(0.4)

Antisaccade
Day 0 51.9(7.2) 72.1(5.8) 34.5(5.4) 62.4(5.7) 16.7(6.2) 14.7(2.5)
Day s 51.4(7.7) 59.9(8.7) 44.1(8.0) 60.1(7.3) 22.4(14.0) 12.8(2.4)
Day l 49.2(7.3) 54.1(8.5) 45.0(7.9) 56.1(6.9) 26.4(17.9) 7.5(2.7)

Stroop test
Word

Day 0 70.9(5.3) 66.0(7.4) 75.1(6.9) 69.0(6.7) 77.3(4.4) 83.9(5.3)
Day s – – – – – –

Day l 68.8(5.4) 67.5(7.4) 69.9(6.9) 66.8(6.7) 75.3(8.7) 88.6(4.7)
Color

Day 0 48.2(4.4) 39.2(5.2) 55.9(4.9) 45.6(5.3) 56.7(5.4) 60.6(3.7)
Day s – – – – – –

Day l 44.2(3.0) 42.7(4.6) 45.6(4.3) 44.1(3.4) 44.7(8.3) 67.4(3.5)
Word–Color

Day 0 27.9(3.3) 21.7(3.7) 33.3(3.4) 24.8(3.0) 38.3(8.6) 35.3(2.0)
Day s – – – – – –

Day l 25.8(1.7) 24.7(3.4) 26.7(3.2) 25.6(2.1) 26.3(2.6) 39.6(3.3)
PANSS
Positive

Day 0 25.0(1.1) 25.5(1.7) 24.6(1.6) 25.3(0.8) 24.0(4.6) –

Day s 20.4(1.9) 18.2(2.7) 22.3(2.5) 20.0(1.0) 21.7(8.7) –

Day l 15.9(1.5) 14.5(2.2) 17.1(2.0) 15.8(1.2) 16.3(5.8) –

Negative
Day 0 25.3(1.8) 27.2( 2.7) 23.7(2.5) 27.5(1.3) 18.0(5.2) –

Day s 22.9(1.5) 21.5(2.2) 24.1(2.1) 23.4(1.6) 21.3(4.4) –

Day l 17.8(1.6) 16.12(2.4) 19.1(2.2) 19.0(1.8) 13.7(3.2) –

General
Day 0 47.6(2.7) 51.8(3.7) 44.0(3.4) 51.9(1.7) 33.3(3.2) –

Day s 36.6(2.8) 36.0(4.2) 37.1(3.9) 40.4(2.4) 24.0(3.2) –

Day l 32.6(2.1) 28.5(2.7) 36.1(2.5) 32.9(2.4) 31.7(5.0) –

Total
Day 0 98.2(4.0) 104.5(5.6) 92.7(5.2) 105.0(1.9) 75.3(5.3) –

Day s 79.9(4.4) 75.7(6.6) 83.6(6.1) 83.8(4.4) 67.0(10.4) –

Day l 66.3(4.3) 59.2(6.0) 72.4(5.5) 67.7(4.9) 61.7(10.4) –
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t1,22=8.02, pb0.01; nonimpaired: mean improvement=20.3,
t1,22=3.88, pb0.01). The improvement in Total PANSS was signifi-
cantly larger in the impaired compared to nonimpaired subjects
(t1,22=4.6, pb0.01). These findings indicate haloperidol results in
significant clinical improvement in Total PANSS scores for both
impaired and nonimpaired schizophrenia subgroups, with greater
improvement in the more cognitively impaired group.

3.2.4.2. SD split. Impaired and nonimpaired schizophrenia subjects did
not differ on Total PANSS scores (83.1 versus 72.2, respectively;
F1,11=1,79, pN0.10). Across testing sessions (baseline to long), both
the impaired and the nonimpaired schizophrenia subjects showed
significant improvement (impaired change: −36.2; t1,22=8.07,
pb0.01 and nonimpaired change: −26.3; t1,22=3.17, pb0.01). In
contrast to the median split analysis, there was no significant
difference in clinical improvement between the impaired and
nonimpaired subjects (t1,22=2.25, pN0.10). Nevertheless, both
subgroup analyses concurred in the findings that haloperidol results
in significant improvement in Total PANSS scores for both the
impaired and nonimpaired schizophrenia subgroups.

4. Discussion

4.1. Summary of eye movement and clinical results

The results of the present study indicate that although 15 mg of
haloperidol has little effect on voluntary saccadic eye movements in
schizophrenia patients as a group, individual response varied
depending on the status of voluntary eye movement performance
prior to treatment. When change in voluntary eye movement
performance due to haloperidol in schizophrenia patients is examined
as a function of their performance prior to treatment, there is a strong
evidence for functional heterogenity. Patients who are cognitively less
impaired prior to treatment (baseline antisaccade error rate less than
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32% given by β in Gaussian function) show a worsening in post-
treatment performance with worsening pre-treatment performance
(upward going half of the Gaussian function in Fig. 2). On the other
hand, patients who are cognitively more impaired prior to treatment
(baseline antisaccade error rate more than 32%) show an improve-
ment of post-treatment performance with worsening pre-treatment
performance (downward going half of the Gaussian function in Fig. 3).
Further, when schizophrenia patients are categorized into cognitively-
impaired and -nonimpaired subgroups (by median or SD split), the
impaired schizophrenia subjects had improved antisaccade perfor-
mance (decreased latency) after taking haloperidol for 10–14 days,
while nonimpaired schizophrenia subjects had worse performance
(increased errors). These findings indicate haloperidol may have a
selective, detrimental effect on cognitively intact schizophrenia sub-
jects. Interestingly, the cognitive portion of the Stroop Task reflected
the worsening performance of the nonimpaired group on haloperidol,
but failed to show the improvement of the impaired schizophrenia
group shown in Fig. 4. When the voluntary eye movement perfor-
mance of each subgroup is examined as a function of the pre-treatment
performance, clear differences are found between impaired and
nonimpaired subgroups (see Fig. 5). The clinical results of the Total
PANSS showed all schizophrenia subjects (regardless of impaired or
nonimpaired status) had a clinically significant (N34%) improvement
with haloperidol treatment. After subdivision into impaired and
nonimpaired groups, this significant improvement remained, indicat-
ing that regardless of severity, haloperidol improves clinical
symptomology.
4.2. Baseline-dependent practice effect

It has been shown previously that normal subjects who had higher
antisaccade error rates at baseline showed larger improvement on a
re-test (Ettinger et al., 2003). Although, this finding appears
consistent with our finding of greater improvement in the impaired
schizophrenia subgroup with increasing baseline antisaccade error
rate, it can neither explain the impairments in performance with re-
test that we report nor the increasing impairment with increasing
baseline error rates in the nonimpaired schizophrenia subgroup.
Hence, we feel that the changes with performance that we report are
specific to the administration of haloperidol.
4.3. Implications for neuropsychological and clinical tests

The Stroop Task is a neuropsychological task that requires a subject
to inhibit a reflexive process and willfully generate another response
(i.e., not naming the word, but naming the color of the ink in which
the word is written). This test seems to parallel the cognitive
processes responsible for successful completion of the antisaccade
task, where a reflexive response to look towards the target light must
be inhibited and a saccade must be willfully generated to an
untargeted location opposite the light. However, perhaps due to
increased task demand (ability to read), the Stroop Task was not as
sensitive to frontal-lobe-dependent cognitive change as measured by
voluntary saccadic eye movement performance in the present study.
Specifically, the Stroop task did not detect the subtle cognitive
improvement in the impaired schizophrenia subjects shown in Figs. 4
and 5. These findings support the work of Broerse et al. (2001)) who
found saccadic eye movements to be a more sensitive measure of
frontal function than a battery of standard neuropsychological tests.

Clinical improvement in our study (reduction of PANSS scores) did
not parallel cognitive improvement, as measured by the antisaccade
task. Improvement on a clinical scale should not be equated to an
improvement in cognitive functioning and, hence, the latter should be
independently assessed.
4.4. The effect of antipsychotic dosage

Previous work suggests higher doses of antipsychotics are related
to poorer performance on cognitive tasks. Kawai et al. (2006)
investigated the differential effects of high doses of typical antipsy-
chotics in a group of schizophrenia patients on the Wisconsin Card
Sorting Test. These subjects were tested on 2200 mg chlorpromazine
equivalent and again on a reduced dose of 1315 mg chlorpromazine
equivalent. The result was a significant improvement in the total
number of correct responses and preservative errors made. This result
was echoed in another study by Hori et al. (2006), who used
medication dosages of over 1000 mg chlorpromazine equivalent. Of
the studies that used voluntary eye movement tasks to investigate the
effects of typical antipsychotics in schizophrenia, two of them
(Cassady et al., 1993; Crawford et al., 1995) had patients on high
doses and found no changes in error rate. Two other studies examined
the effects of low doses of typical antipsychotic medications (less than
300 mg chlorpromazine equivalent). Harris and colleagues found a
positive effect (decrease in antisaccade error rate) with low dose
typical medication, while Muller et al. (1999) found no effect of
medication. One reason for the discrepant findings among these
studies may be a factor beyond medication dosage. Namely, not all
schizophrenia patients show a similar cognitive response to haloper-
idol. That is, pretreatment cognitive function in schizophrenia
subjects may influence the cognitive effects of haloperidol. This idea
is supported by the results of our study using 750 mg chlorpromazine
equivalent dosage of haloperidol and showing no change in error rates
(significant decrease in latency) for the cognitively impaired
schizophrenia subjects and a significant increase in error rates
(nonsignificant increase in latency) for the cognitively intact subjects.
Our work here confirms that schizophrenia subjects are a heteroge-
neous group with differential treatment effects.

4.5. Effect of concomitant medication

Even though all of the schizophrenia subjects received the similar
daily doses of haloperidol, all subjects were concomitantly treated
with benzatropine to reduce side effects. It is possible that
benzatropine and not haloperidol negatively affected cognitive
processing. However, this is unlikely as both Velligan et al. (2002)
and Harris et al. (2006) found no effect of benzatropine on tasks of
executive functioning. Furthermore, we are unaware of any study that
has shown that benzatropine could improve cognitive performance in
impaired (or intact) subjects.

5. Conclusions

Symptom reduction in acutely ill schizophrenia patients treated
with 15 mg of haloperidol was associated with a detrimental effect
(increased error rate) on a voluntary eye movement task in those
patients who were initially cognitively intact. This decline in
performance was also reflected on the Word–Color subscale scores
of the Stroop Task. Such deterioration was not evident in those
schizophrenia patients who were initially cognitively-impaired prior
to haloperidol administration. This suggests that the prior discrepant
findings in the literature about the effect of haloperidol on eye
movements may simply be due to heterogeneity in the schizophrenia
population. Of significant clinical importance, this study indicated
(1) changes in symptom reduction may not parallel changes in
cognitive performance, (2) voluntary eye movements may be a
sensitive measure of cognitive change and (3) schizophrenia patients
may have differential cognitive responses to typical antipsychotics
depending on whether their cognition is initially intact or impaired.
These concepts are crucial to optimal evaluation and treatment of
schizophrenia patients given cognition is the strongest predictor of
long-term prognosis.
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